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Analysis of parameters affecting rock collapse depth around

tunnels excavations.

Abstract

Tunneling causes deformations resulting from stress conditions changes.
In case of tunneling in a weak and law resistance zone, and when using
insufficient or late support, these deformations can cause dangerous
collapses that may extend to great depths around the tunnel. This
research includes an analysis of the most important factors that can have
a direct impact on the depth of these collapses in case of NATM tunnels
constructed in a weak rock environment. The goal of this research is to
study the possibility of predicting of the potential collapse’s depth based
on the suggested factors in addition to analyzing the relative importance
of these factors. The study based on analyzing reference cases that
included data from more than 40 tunnel sections located under various
cover thicknesses and with different rock conditions. The research relied
on Regression Analysis method based on artificial intelligence. The study
showed that the most important factor is the rock characteristics, mainly
GSI value. It also turned out that the excavation and support method is
more important than the cover thickness above the tunnel. Comparing
field measurements with the analysis results confirmed the validity of the
proposed methodology to predict the collapse depth and to study many

factors that are difficult to be considered by traditional methods.
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Limestone and operational conditions for pH control and improved
Denitrification in the limestone-sulfur reactor

Nebras Hamdan
Homs University
Nebrashamdan78@gmail.com

Abstract:

This study aims to evaluate the role of limestone in pH regulation and
enhancement of nitrate removal performance in a sulfur-limestone
autotrophic denitrication reactor. The effects of limestone type, particle
size, dosage, hydraulic retention time(HRT), and influent nitrate
concentration were investigated. Results showed that CaCO3
outperformed other limestone types, with an optimal particle size of
0.6mm, providing abalance between efficiency and operational stability.
The optimum dosage was determind to be 10g/l, ensuring stable pH
within the favorable range for denitrification. When examining HRT at an
influent nitrate concentration of 50mg/I, the time 8hr was found to be
the most suitable, achieving high removal efficiency while reducing
operation time.

Regarding influent nitrate concentration, the reactor maintained good
performance up to 75mg/l, with agradual decline observed at higher
loads. Overall, the findings highlight the importance of integrating CaCO3
properties with operational conditions to ensure stable pH and high nitrate

removal efficiency, making the reactor a promising option for treating

nitrate—rich wastewater.

Keywords: nitrates, Sulfur: limestone ,wastewater, Autotrophic Bacteria.
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Feasibility Study of Photogrammetric Survey Using Unmanned Aerial Vehicles (UAVs)

for Densification Geodetic Control Points

Abstract

The densification of geodetic base points is considered the most difficult and costly task in
any surveying project, both financially and time-wise. It requires extensive expertise and
highly accurate equipment. Therefore, it was necessary to consider alternative methods that
would first achieve the required accuracy and then, on the other hand, take into account

financial and time—related factors.

Unmanned aerial vehicles (UAVs) have gained significant attention in surveying work and
have become a multi-purpose tool for data collection. This data is used to obtain various
types of digital models used in surveying work, such as digital elevation models (DEMs),

digital surface models (DSMs), contour lines, orthophotos, and others.

There are many factors that affect the accuracy of UAV data. Current research has focused
on the distribution and number of ground control points (GCPs), neglecting the impact of their

reliability on the processing process.

This study presents a framework for analyzing the role of GCPs based on their number and
the variation in reliability. Nine different configurations of ground control points (GCPs) were
designed, and different noise was introduced within each configuration to simulate variations

in reliability. Both peripheral and central distributions were adopted in our study.

Through a sample study and analyzing the differences in check points (CP) coordinates, the
results indicated that the reliability of GCPs affects the upper limit of the accuracy of the digital
models and significantly impacts the number and distribution of GCPs. The horizontal
accuracy of the Orthophoto model was (0.9 cm, while the vertical accuracy of the DEM was

approximately 2.7 cm.
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The results demonstrated superior compliance with the standards set forth in much of the
relevant international literature, supporting the validity and superiority of the digital outputs of

this technique as a basis for geodetic baseline densification in Syria..

Keywords: Geodetic Basis, Structure from Motion (SfM), Drones/UAVs, Aerial Triangulation,

Digital Elevation Model, Orthophoto, Spatial Accuracy, Ground Sampling Distance (GSD).
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(36°44'19'E 5 36°43'45'E) Jsh ad m Lysw (B Gaes Aadlaay () dae & Au)al) Aalaia a8
.(34°55"46'N 5 34°5523'N) Laje i

0 o) i)l A pa A [45] (po Ailge 3Suk oDy iy LA 5 ¢ pgpaatl JlaeY pmall ol (e
Cillane Azl by (sn Cilaliae Ak Al Aaallal) iy il g sailly gl 3 pilailly 20 Ll Gy
Al byl jilas cilllaie ae (38153 Loy (Digital levels) dudd) 4y 536als (Total Station) ilelSic s,
Apsd) Lyl Ay seanl) 2 e Jsand)

Lelo W) 5 dgindl Sl pualic dallae coa el o adl) o 1Y) e ola V1 A e (33l sy
Glus a3 45 (Star Net) zaliy alaaiuly; (Least Squares Adjustment) (g jrall cilay il fame alacly
ALl 0350 ¢l (gyguad) 32 g yiad) TalE) 3 Apma pell AS0]) Bl Ay ginaall illany) Jyamg

Lguie Glel@ N dhaaty Glus &5 cpa A (Clarke 1880 Ellipsoid) =Llay) Jte (39.15°E , 34.2°N)
ol e (s5ien
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sl (e Jalii CiASE (B 5 jheaal) cl il alaRuly (5 geall gresall (5 g Al 3

Ly

*.
X Vil e
X of"
B

A V) Jaliil) aam gty Auslall dilaie 1(5) JSA)

axy FCO310 daeds 1lS; 53530 Phantom 4 Pro g5 e s (y50 853 jygeaill Jlael 8 Caeaiin
ey Alals 17.7MP Aled 3 385 jie [60/ 08 (b g L) sepaill ela) &35 . f = 8.8 mm iy
2.61px 2.61p )

A ARl aladinly A Y1 Glie V) ddlie alay) (Say

H+P 6000 *2.61 x 104

D = =
GS f 8.8x10°1

=1.78cm

ypeal) IS Ayl T0% 5 dgalel 80% AN sty el y 3300 /2462 L) 5 ¢ Jarl) Adaie JalS Ayl
o) 483 Alatind e (ge Biailly Ganlal) Bsmay Ayl Climayy (s3a) alasinly Aadleall 44 5aLe Al
Agallall uleall
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aall daaf g dilhla 2l 2025 pls 13 211 47 alaal)

s Uiny of Ll [32] 4l o Ll o sl 13a 6 Aariieall culilally ushyal) dilaie of U 5)LEY) an
LA dalaall el Ll dual) e caliay

cstbrall gyl 48 e gidgises AV lasal) Ll ae il Auly e

cbrad) g L) &g A ) dapal) Ll sae G Jadill Ay @

(UAVS) J1 alasinly gy seaill masall (g G iisal) Orthophoto Jis DEM ) dds apiil dpmgin i @
dual) diaglia 4
[9/] sonm Gam Adgisdl & il e 2l (GCPS) dua)V) Jasall Lalin o0 Jalail 1)la) Zushyll o3 a0
Lo s Alls spylines /36/ Loal il Jasall Jalas 4865 gl il syl [4/ 5 Jasall Jalds aaal <ula )l
Euny (GCPS) dpm ) Japall Ll sae <adialy calii Check Points(CPs) iaill Llsi (f alell s lages
ALy [45] oyd8 s JSN Lalal) 23 ga Lege gana (35S

A RMSE s sill Jaws sial) Uadll (o€ Mallys aums Ll iy Jasia ol /3/ alasiialy a3 asleal) (ga
hel ansll 3 of o UiSiay Lyl dejse Janm alis 5/ 5 el 5 llily jinall Lsle 48001 o] 4ariiins
Ll 4.8 55 ga g A g el ditlaiall Aalisal Aot JiS0 (585l sl o a5l il (pe el dgisay Jumdl 48
Jasal) Jali aaad Lo ddlide ilagyylin 9/ Lidie peual Layyi 4l 2/ dila) o3 @3 2y & .[29] Lapal

NO. Senario NO. GCP NO. CP
1 5 40
2 7 38
3 9 36
4 11 34
5 13 32
6 15 30
7 17 28
8 19 26
9 21 24

e sl JS Gaaill Lalésg Janal) Lalds aae 1(2) Jgaad)

p AU Il e culS 2 lapal) Lol A gise cplal /4 1) lasyylidl Wl
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RMSEXx RMSEy RMSEz
Senario
"m" "m" "m"
A 0.001 0.001 0.001
B 0.01 0.01 0.01
C 0.05 0.05 0.05
D 0.1 0.1 0.1

cen¥) Y 3y Lasal) Lol A giga 1(3) Jsad)

GCP

GCPs (m) Jsall Joli 4.8 33 ga s

e danll 2 il il Gpngia gy Ul <)

A
0.001

B

C D
0.1

= o oo
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Lulall 3300 oo Aol il ciily o 4anks, 480,

g Aaaaall 5 pall s DEM L3 ol leli Y1 2250
Orthophoto

e daaaall 53 5eall s DEM S il lelin Y1 d pat 380 o
Orthophoto

Jaaae s Japal) Jalis A fige i 385 lale Janll 5 ) cilaspylisadly Ginll dngia 1(6) JS

gsall i) Alae lady Aasiiosall Jasal) Jalii g5y el bl Cila syl e Al JISEY I

cgsall Culil Slaty Leadiall Lyl Ll g 555 a0l J5Y1 syl 1(7) JS&
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@390 Galad) Jal&S (i A 5 jhaall il yillal) aladiily (5 gaaill ganal) (5 9 Al )
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saad) daaj g

4 jlarall g Ainal) Apuigl) o glad) Aol
Al aile

Uaes daala Adas

2025 els 13 2l 47 alaal)

(sl Cul ety ariiall Jasal) Lol g5i5 a0a) el spylisudl £(15) S

Shaall g Ly A8 mia g Jull Jeaally Agisoft Metashape zaliy e leaea clagylind) oda ¢lja) o

Pl JS
1 mm 1 cm 5cm 10 cm
NO. NO. | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz
Senario | GCP 'cm" ‘cm" "cm" ‘cm" "cm" "cm" "cm" "cm"
1 5 1.22 4.8 2.4 7 37.3 24.8 141 61.8
2 7 0.9 4.2 1.4 6.3 26.2 21 101 39.4
3 9 0.76 4 1.2 6.4 20.4 20.8 79.7 36.7
4 11 0.76 3.9 1.2 6.4 16.9 21 66 30.7
5 13 0.75 4 1.1 6.6 14.3 21.5 56.2 28.2
6 15 0.74 3.3 1.1 5.7 12.7 21.6 49 29
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7 17 0.7 3.3 1 5.6 10.9 21.1 42.7 27.1
8 19 0.7 2.9 1 4.8 10.3 20 39.3 25.9
9 21 0.7 2.5 0.9 3.9 9 17.6 35.2 22.5

- gmalall g5l il A e SN U8 pyline IS anl) g lagY) 36 :(4) Jgaad)

Ll Cada 2 Y el au)aill i deadiveall UL G e Yol 3oaill cany il 038 dlaie) L3 s
o Vs (el aysil) & = Ol Oe s 3 f P Al
[32] s2)tidl RMSE il sale | 330

bl ol ai Gl Azl LAY aadiey Jlas) sl sa (Shapiro-Wilk test) el — 5,uld sl
(50 00 Ji) sia Aial) aan 55 Ladie Aualdy ecilill) Jilad b i JS aadadid S5 Lada by o
dpca il (e @l 8 (laal) dagll) P-Value 5 (LLaY) ddlaal) Test Statistics HLoa¥) aadiey

Ayyaall

S0 i B aadiudy Lkl e Ll & (1) 5 (0) ow a8 4 2ad (Test Statistics) laa¥) ddlas)
s bl sl pe @bl bl Je @lld Ja o] e sy Aagll culS

oab)l e dsmg e e Gl Ja (p > 0.05) oe ST laaY) dagy (P-Value) dilaay! dedl) culs 1))
Uady x 138 (P < 0.05) dall cul€ 1) L agall aysill i lill) i) (Say Ml ciyjhuall Ly dll

[32] gl g5 i il o) (Say Y clilal) Ul i jiaall Gy il

O 0 /36/ I clasylidl e daalil) bl e (Shapiro-Wilk test) ellyy — 5 yuld laal) Gudays

e 4 A gyluad) SIS /0.01 M/ Jaszall dalas 438 6 19/ 1 Gglise Jncall Lalas aae 408 2 oyl
A2 gall sl $) 3 8 549 29 : 2 sl sl

. orslall g5l Ll Lagd i Y /0. 1M/ Jaseal) Jalis i sisas 19/ 3 Gsbuse Jasall Lol

33l el cada &3 Cua (Plot Box) (3 gaiall labads 48k 385 anhall aygll i Y Al clibad) Aallas o3
s srmhall sl i i) sl s

1 mm 1 cm 5cm 10 cm
NO. NO. | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz
Senario | GCP 'cm" "cm" "cm" "cm" "cm" "cm" "cm" "cm"
1 5 1.22 4.8 2.4 7 37.3 24.8 141 61.8
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4 larall g Ainal) Apeunighh o glad) Aoy

el 2eal Ailhl e 2025 sls 13 22l 47 Alaal)
2 7 0.9 4.2 1.4 6.3 26.2 21 101 39.4
3 9 0.76 4 1.2 6.4 20.4 20.8 79.7 36.7
4 11 0.76 3.9 1.2 6.4 16.9 21 66 30.7
5 13 0.75 4 1.1 6.6 14.3 21.5 56.2 28.2
6 15 0.74 3.3 1.1 5.7 12.7 21.6 49 29
7 17 0.7 3.3 1 5.6 10.9 21.1 42.7 27.1
s o o | o [T - > R
9 21 0.7 2.5 0.9 3.9 9 17.6 35.2 22.5

AL Lol Cadas mandall 550 bl A (e 2SEN dmy gyl ISV ihrall o LayY) 46 1(5) Jgaad)

Lyl Lalis A sal a V) Al & dhrall o layY) Uadg 4 Y1 Japall Lol ae (p AMal) 1(16) JS&Y

a.;me{}“
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5] o

-

=]

=3

(cm) Al slay) lad

(=]

Al glay) Lty (0.001m A2 ) Juwial B 25 (g d800a)

4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 15 20 21 22
duz ) buall Bl e

Al aall pla s (A8 sy Al Aall pla 3 g s

(cm) A Aad sla g Uas
O R MW A W M o~ om

A glay) Uty (0.01m L858 5) Tkl B 335 ¢y 382l

4 5 6 7 £ 9 10 11 12 13 14 15 16 17 18 19 20 21 22
T ) bl Wl aae

Al Aadl pla i (A8 Tha oAl Aall gl i A F sy

P W
o W

(cm) M Asd sla vl Lad
wBs BB

AA glay) Ut s (0.05m A isa) bl il 335 ¢y A8

4 5 & 7 B 9% 10 11 12 13 14 15 16 17 18 19 20 21 22
daa 1 bl K 2

Alrall pla g A5 st Alrall pla i A E sl

P - . |
= 2 e o

[
=]

(cm) sl glay) Laa
s S

=]

Alaal pla gy ek g (0.1m L85 pe) sl Bl 332 0y A0al)

4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22
i 1 ol bidt 2

ARl pla i AN Las ARl pla o A F ks
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aall daaf g dilhla 2l 2025 pls 13 211 47 alaal)

Lyl Lalis 485 sal a )V VD) 3 dhaall o layY) Uady L ) Jasall Ll ae (pn 4Dlal) 1(16) JS&Y
3\_}4)‘&1\
Aaall glagy) AByg LgBag ) Llai s o Correlations Ly 4wy 1.4
Pearson ) (s balii)) dalea aladiul & dhaall & layY) Aag Janall Lalés axe (g Jaliyy) 4 dal e

SOiie (ARl slaily 348 bl aadiig Jlas) ulia s (correlation coefficient

aag Vol 0 0 dedll L1+ 5 1= ow sl Al LY delae ad DA (e el G ADal 348 e
i 1= Lally (LAY ol coppuriall aal ol 13)) Lo Lala) Waliil and 14 el Ly ¢ ppiall (e Tl o
(DAY amind) il aal ol 1) L b Uals))

o ge Aal) il 1308 Bl Y1 Jalea e 58 DA (e lie i) 25 Cpppariall (g A olatY dpilly L
(emSe) ol Byl @lligh b il 135 (s 0pk) el Lol lligh

laal) glasd A8 Uadlly i) Jascal) JaliS aae y Jal W) olailg 558

RMSE 0.001 m 0.01 m 0.05 m 0.1 m

R -0.7665 -0.7757 -0.9131 -0.9215

Ol oY) VA By ahaall g LU a8 Uadlly G V) Jawal) i aae o L V1 a0 2(6) Jgaad
g V) Ll Lalds 438 i e

bl glasd gLl Uadlly o) Jasdal) Jalis aae ¢y L ¥ olailg 558

RMSE 0.001 m 0.01 m 0.05 m 0.1 m

R -0.9672 -0.8845 -0.7514 -0.8426

) VY 3y il gl 1Ll Ukl daa 1 Tl B sse (e Y1 days 1(7) Jsaad
)Y Jasall Jalds A8 6ise ol

rof 2n3 (6)Jsaa) e
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ol 6y Japall Jalis sae 3215 of gl Japall Jalis sac s dhaall g lagy) thd gy e Ll agas @
Leihrall g DU Al A8l Ay Juadl il Lasys
i gisall Ala b dumidie ()5S Tapall Ll saes ahrall g LoD 81 Taall o LoV 568 of ads o
g Jasal) i Adgige o) iy 1 g Japall Jalii] diasdiall 48 3 gal) Alla & Alle 5 Japall Lol Alal)
ol bls s e
tof a3 (7)) e
Uaall 6y Japall Jalis sae 5215 of gl Japall Jalis sac s dhaad) g lagY) Ut G e L)) a5ay @
Lhaall g a0 Al 28al Aaally Jumdl il aayy
lla e S 8y Japal) Ll sacy ihrall o laypll el Uadll o Lali V) 548 o Jaadl @
Ll e ) dslall I Y Jagall Jalds A8 gige o iny 13a5 Janall Jalis) duadtially dllad) 248 63 all
e V) 48l Luaal 5 QeI b ol
Alall dufyy apa@il dhaall ¢ L)Y 48y g g sisa g Javall Lalds dae (g ADLR]) daple Lia et 38 (565 13gu
cmsall Gl Ll (i< 8 A8 o3 aladinl (ean (530 8 Aliaiay

:RMSE 2l hawgiall Uailly GSD 4ua ) oliiey) 4dlua2.4

OB ¢l (350 Bl okl ALY jpeal il Ay Jpastl) Rigylay Seial) (gsal) Cyfill Zalladl 3821 oyl
zsi& [12] (National Standard for Spatial Data Accuracy) 4ulSall clibul Aalal) Ludlll juladl
o o5 A 8LE 3835 2#*GSD ) 1*GSD (e ¢l Al 4y a5 ) Sy G GSD a1 sgia aladiiad
43suaall UAV-photogrammetry 4 alaaiuly (g seaill sl ilaiia Jaf (e 3*GSD I 1*GSD
A A (385 L)V (lie ) dilae Clus 2

GSD—H*P
f

i) s
Okl g )l :H
el A Eadd) s f

ekl alaf :P
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>l s, 4dlalus pild 2025 sl 13 2l 47 alaal)
6SD — 6000 x 2.61 x 10—* _ 178
=T g8x10-t _ eem
1 mm 1 cm 5 cm 10 cm

NO. | NO. | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz | RMSxy | RMSz
Senario | GCP | GSD | GSD | GSD | GSD | GSD | GSD | GSD | GSD

5 0.69 |2.697 | 1.35 3.93 | 20.96 | 13.93 | 79.21 | 34.72

7 0.51 2.36 0.79 3.54 | 14.72 | 11.80 | 56.74 | 22.13

9 0.43 |2.247 | 0.67 3.60 | 11.46 | 11.69 | 44.78 | 20.62

11 0.43 |[2.191 | 0.67 3.60 9.49 | 11.80 [ 37.08 [ 17.25

13 0.42 | 2.247 | 0.62 3.71 8.03 | 12.08 | 31.57 | 15.84

15 0.42 | 1.854  0.62 3.20 7.13 | 12.13 | 27.53 | 16.29

17 0.39 [ 1.854 | 0.56 3.15 6.12 [ 11.85| 23.99 [ 15.22

19 0.39 [ 1.629 | 0.62 2.25 5.79 | 11.24 | 22.19 | 14.49

O | XX | ||| B |W]|N]|=—

21 0.39 | 1.404| 0.51 2.19 5.06 9.89 | 19.78 | 12.64

< spliss J<U (CPs) (3aail) Llat RMSE )l 5 GSD (4 dawaill £(8) Jgand
WS A Y1 e ) Adlse s GsRaall aliil 40 LN 388N a5l Aldans sial) ¢ U0adY) (e S (e cansill sl
sl (S (8) Jsandl (& maage 2
Cllaay) Aadle (saas (Bt Jans Jala) A yall Gy Y1 Jaliil) alasly 382 ) sysall ol juin o
S syl Cuall o3a i LS Lalal) Gl geall Culill (e Aailill clilaadl Jlaal) Jeall e dalil
zlall 4l Ao iy Al 48y Aygas Caadd Cum aial) Jpany (goall Coinl) Aday il =3 gall) clulas
cmsall Gl Ll Cafal e Wl 0ol Lgiadle acy A ) Al Zuad
conbd) Jaal) bl aasid) glisdl AdDle piey gsal) Culiall 48y (aleds) ) 5l ) i o
Adle Aaelily Al 483 Ayge ) et Ally aill Juadl Loy Jasall Tl axad /9] o) syjlisndl o35 @

SR INIFQES
daaaall 3)gally (DEM)cile i SU a8 )1) z 3sailly Georeferencing 8laall £ la ) 483 20833 .4

1483 JadY) gy )lsad) o alais) (Orthophoto)lases

95




éké}#\ wb.u‘\ﬂ Llas ngm ‘éé S‘).-:M-HAS‘ QU:ILH\ a\éi:u.ule té‘)ﬁj“ﬂ‘ Gu.d\ TR LS -L...U.a

[24] 5o ikt [21] sl 4d 2 Ml [9/ 8y splidl G W cpa (2.4) syaalls (1.4) syl e 1ilae)
(0.001m, 0.01m, 0.05M, 0.1M)kuall Jalis 485 sl g1 VA b mitil) Joal dael (38a5 4l
) sl e Axill) Jasall il Aaial) 280 culily (385 Ailaid) et e Jeall gis 436 3] Taliin
Ll 2 3 /9/ o) syylisdl aldie) g (0.1 ~ 1 €M) (G Jalial) 23] Zae i1y 4y ginsall 4840 # ) G
Abal) Akl duadyl) oz 3lail) gz hataly Ehaal) ¢ lao¥) A8y A8l dal (e @l Leeys IS8y Giaslly Lavall

gy 4silies (DEM, Orthophoto)

ca)Y) sall e Al Ll iga s A ) Blil) bl maasy N Janl

Point X Y z RMSEx RMSEy RMSEz
'm' 'm' 'm' 'm' 'm' 'm'
Al -221149 | 83319.22 | 385.864 0.003 0.005 0.003
A2 220485 | 83344.59 | 425.207 0.003 0.005 0.004
A3 -220873 | 83025.98 | 417.228 0.008 0.009 0.003
A4 -220698 | 83382.93 | 419.463 0.008 0.009 0.003
A5 220453 | 82890.52 | 431.983 0.01 0.008 0.003
A6 -220765 | 83077.76 | 425.844 0.006 0.007 0.001
A7 221150 | 83465.03 | 381.124 0.01 0.008 0.003
A8 221146 | 83210.34 | 389.178 0.003 0.004 0.003
Bl -221011 | 83330.69 391 0.006 0.007 0.003
B2 -220477 | 83198.6 | 429.641 0.005 0.006 0.004
B3 -220857 | 83189.91 | 413.96 0.007 0.009 0.003
B4 -220631 | 83288.23 | 424.88 0.008 0.008 0.003
B5 -220420 | 83016.8 | 430.263 0.007 0.008 0.003
B6 -220747 | 83169.5 | 424.815 0.006 0.01 0.002
B7 -221054 | 83482.4 | 385.541 0.012 0.008 0.003
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B8 -221005 | 83198.52 | 399.003 0.006 0.007 0.004
Cl1 220959 | 83377.47 | 398.48 0.007 0.008 0.004
C2 220476 | 83123.12 | 430.708 0.006 0.008 0.004
C3 -220827 | 83316.38 | 413.451 0.007 0.009 0.003
C4 -220612 | 83292.17 | 425.538 0.007 0.008 0.003
C5 -220393 | 83199.6 | 426.749 0.007 0.007 0.004
Co6 -220749 | 83263.02 | 420.041 0.008 0.01 0.002
C7 —-220986 | 83451.6 | 390.992 0.01 0.009 0.003
D1 -220822 | 83404.32 | 412.408 0.008 0.008 0.003
D2 -220499 | 83028.91 | 430.796 0.007 0.008 0.003
D4 -220601 | 83198.77 | 429.398 0.005 0.006 0.002
D5 220407 | 83344.84 | 424.297 0.008 0.008 0.004
D6 -220680 | 83273.96 | 424.127 0.009 0.008 0.003
D7 220948 | 83392.34 | 398.065 0.008 0.01 0.004
El -220741 | 83424.85 | 418.42 0.008 0.009 0.004
E2 -220515 | 82893.2 | 432.353 0.008 0.007 0.002
E4 -220614 | 83061.19 | 431.071 0.003 0.005 0.001
ES -220411 | 83493.16 | 418.939 0.01 0.009 0.004
F1 220655 | 83460.17 | 421.016 0.008 0.009 0.004
F2 -220624 | 82912.77 | 430.845 0.005 0.007 0.002
F5 -220449 | 83520.8 | 419.269 0.009 0.008 0.004
Gl 220588 | 83486.14 | 418.475 0.008 0.008 0.004
G2 -220771 | 82924.88 | 427.057 0.006 0.008 0.003
H1 -220502 | 83520.02 | 418.196 0.007 0.007 0.004
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H2 -220816 | 82910.1 425.01 0.008 0.008 0.003
I -220492 | 83437.85 | 422.55 0.003 0.005 0.004
12 —-220900 | 82931.78 | 420.237 0.008 0.008 0.003
J2 221046 | 82991.29 | 403.18 0.008 0.008 0.004
K2 221125 | 82990.49 | 395.781 0.007 0.008 0.003
L2 221128 | 83104.62 | 392.472 0.004 0.005 0.003

v el e Aailll A Y1 L) 48 55 5e g cililan) 1(9) Jgaad)

tbhad) g lay) Ady syl

Cliy ) o pDlaiuls Agisoft Metashape zaliy 8 Al sye gall dallae o5 ¢ ihaall ¢ Loy 48wl
o il Wy 2 b)) 73 gail) e Aasll) Tl cililaals )Y ) e Aasll) L) claa) on Led
il (edaiuly lehlas & ey clibull o3gd anball g5l

NO. Point AX AY AZ
m m m
1 A2 -0.390 0.095 0.232
2 A3 0.455 0.505 -0.087
3 A5 0.068 0.072 -0.595
4 A6 0.119 0.382 -0.058
5 A7 0.235 0.284 -0.354
6 A8 0.085 0.553 0.151
7 B6 0.446 0.535 -0.008
8 B7 0.537 -0.492 -0.446
9 B8 -0.034 -0.020 -0.068
10 C1 -0.336 0.168 -0.078
11 CSs -0.099 -0.477 0.232
12 (6733 -0.571 0.528 0.111
13 D2 -0.298 -0.239 -0.225
14 D4 0.439 -0.160 -0.087
15 E1l -0.963 0.676 0.496
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16 E5 0.651 0.598 1.229
17 F2 0.088 -0.141 0.062
18 Gl -0.300 1.232 -0.361
19 G2 0.128 -0.008 0.158
20 J2 0.023 -0.029 0.671
21 K2 -0.596 -0.449 0.673
asal) Lol ) 3 satll cililanly am V) el cililaa) (s (38 1(10)J g3
NO. Point AX AY AZ
m m m
1 Al 0.136 -0.085 2.251
2 A4 -0.551 0.568 -3.855
3 B1 -0.640 -0.452 0.112
4 B2 0.508 -0.286 -0.660
5 B3 -0.217 -0.171 -1.270
6 B4 0.063 0.340 0.297
7 B5 -0.062 -0.992 -1.398
8 Cc2 0.744 -0.917 -2.485
9 C3 -0.990 -0.555 0.975
10 C4 0.612 -0.385 -0.797
11 Cc7 -0.554 -0.731 -1.159
12 D1 -0.484 -0.538 -2.347
13 D5 0.507 0.551 4.599
14 D6 -0.028 0.624 1.727
15 D7 0.374 -0.224 -0.817
16 E2 -0.514 0.155 -1.097
17 E4 -0.382 0.279 -1.507
18 F1 -0.605 0.908 -1.510
19 F5 0.774 1.737 8.240
20 H1 0.492 1.332 3.618
21 H2 0.690 0.407 1.837
22 11 -0.682 0.978 1.051
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23

12

0.230

-0.306

3.930

24

L2

0.341

-0.502

1.856

LGl Blid o)) 23 pail) cllaaly i)Y el clilasl o Gl 1(11)Jgaad)

Shapiro-Wilk test AX AY AVA
SW-Stat 0.958980168 0.954261972 0.926998082
P-Value 0.523682232 0.436432671 0.135166294
Normal? Yes Yes Yes

XYZ jolaall 385 avall Jalay culdg il G:.\.\LS\ @'}ﬂ\ O csaail) :(12)d34,d\

Shapiro-Wilk test AX AY JAVA
SW-Stat 0.924533 0.954814424 0.914877865
P-Value 0.083358 0.366991095 0.051800341
Normal? Yes Yes Yes

XYZ jglad) sy Gaail Talis culig il aplall #3530 (e i) 1(13)Jgand)

Watl) Jlme e Toleiel ihaall g LagV) 482 apfiy asfins 138 e 5Ly asill Gl dpess G il

:GSD I e 4)lia s wsll Jagial

GCPs hual) hlai cililaal 39,8 Jalas
RMSEx RMSEz GSD
NO. GCPs | NO. CPs y RMSExy | RMSEz
‘cm’ ‘cm'’ 'cm' GSD GSD
21 24 0.6 0.4 1.78 0.34 0.22
.GSD 1l; GCPs Lasal) Lalisl sl g ay¥1 a2 gy ) :(14)J 520
CPs giadl) Lldi cilflaal (398 Judas
RMSEx RMSEz GSD
NO. GCPs | NO. CPs y RMSExy | RMSEz
om’ "o’ ‘om’ GSD GSD
21 24 0.9 2.7 1.78 0.5 1.52

.GSD Jl; CPs giall kil _ihaal) ¢ s,V a8 oy deal) 1(15) Jgaad

zosall e Aailill LAY ADle 2 (Biads o Jala) Funa pall Fa ) Lol alaily 83 ) conll i
il By ez dsadl e ) canl) o3a i LS Lol Gl gpall il e Aasll) cililaadl o )
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OsSal Lgiadla aey (53 eY) Aalil) duady)) Sl dlle Ao i)y A A8 Aype Cae Cam pial) Jaay (55al)
sl Galad) bl Cagsal Gia Ll

:DEM a8 cile i) zigal 48 anidi [

dal e i 51 500 km? gialuse dilaial J&) e 204805 3ias 41 /20/ alaiin) ASPRS s aass
il z3gaill e Aaii /24 3 g i) cilily g ) 5 (A s [33] DEM )l cule i) 3 gad 483 ayls
Al Aalall laal Jeall (e Aailll Lalaall o3a cule iyl ae Lgiiylia s cile iy

Point (M) crapall guiall (M) z3saill (o pdatiiall o gusiall (m) @Al
Al 385.864 385.890 -0.0267
A4 419.463 419.490 -0.0268
Bl 391.000 391.034 -0.0341
B2 429.641 429.652 -0.0112
B3 413.960 413.977 -0.0171
B4 424.880 424.898 -0.0180
BS 430.263 430.281 -0.0175
C2 430.708 430.718 -0.0105
C3 413.451 413.483 -0.0323
C4 425.538 425.565 -0.0271
C7 390.992 391.013 -0.0208
D1 412.408 412.442 -0.0341
D5 424.297 424.338 -0.0408
D6 424.127 424.157 -0.0303
D7 398.065 398.083 -0.0176
E2 432.353 432.373 -0.0203
E4 431.071 431.095 -0.0245
Fl1 421.016 421.041 -0.0246
F5 419.269 419.307 -0.0381
H1 418.196 418.228 -0.0318
H2 425.010 425.038 -0.0277
I 422.550 422.573 -0.0233
12 420.237 420.282 -0.0447
L2 392.472 392.510 -0.0390
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DEM i 8 axiional) Gial) Llil DEM 1 (e daibally Znspal) cusalial) (16) Jg2ad)

e zasal) Ay alay e daad) 3 @llys — 550l sl 38y el o)l ai bl o3 o (pe 2B 2ny
AR (385 gl 5y 5 i) dass siall Ladl jlra (e cile i DU

RMSEz =

AZ; = Zreference(i) - ZDEM(L')

0.018932828
RMSEz = T = 2.8cm

:0rthophoto Liges dasiaall §) guall il

ol ) opaai 5 5 zalill (40 Orthophoto J z il & Orthophoto Lasee dasad) sysuall ayl
-G Jgaall & dsiage (ulidll =3 .Orthophoto JI e (g JS5 (38l Lales (ulidy Lied Cus ArcGIS

X Refrence Y Refrence X Ortho Y Ortho AX AY
m' m' m' m' m' m'
Al -221149.2654 | 83319.2183 | -221149.262 | 83319.226 | -0.0034 | -0.0077
A4 -220697.8714 | 83382.9254 | -220697.858 | 83382.935 | -0.0134 | -0.0096
B1 -221011.0415 | 83330.6914 | -221011.035 | 83330.691 | —0.0065 0.0004
B2 —-220477.2055 | 83198.5989 -220477.19 83198.589 | -0.0155 0.0099
B3 -220856.6842 | 83189.9128 —-220856.68 83189.913 | -0.0042 | -0.0002
B4 -220630.5739 83288.23 -220630.547 | 83288.213 | -0.0269 0.017
B5 -220420.3545 | 83016.8009 | —220420.344 | 83016.792 | —0.0105 0.0089
C2 -220475.6079 | 83123.1231 | -220475.597 | 83123.124 | -0.0109 | -0.0009
C3 -220826.5439 83316.382 —-220826.554 | 83316.377 | 0.0101 0.005
C4 -220611.9576 | 83292.1732 | -220611.968 | 83292.163 | 0.0104 0.0102
Cc7 —-220986.3485 | 83451.5996 | —220986.354 | 83451.602 | 0.0055 -0.0024
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D1 -220821.7732 | 83404.3151 | -220821.777 | 83404.316 | 0.0038 | -0.0009
D5 -220407.4748 | 83344.8389 | -220407.469 | 83344.822 | -0.0058 | 0.0169
D6 -220680.2482 | 83273.9547 | -220680.246 | 83273.958 | -0.0022 | -0.0033
D7 -220948.478 | 83392.3432 | -220948.482 | 83392.357 | 0.004 | -0.0138
E2 -220515.4131 | 82893.1971 | -220515.42 | 82893.201 | 0.0069 | —0.0039
E4 -220613.5349 | 83061.1932 | -220613.546 | 83061.201 | 0.0111 | -0.0078
Fl -220655.4426 | 83460.1662 | -220655.445 | 83460.18 | 0.0024 | -0.0138
F5 -220448.6031 | 83520.7949 | -220448.56 | 83520.804 | -0.0431 | -0.0091
H1 -220501.9056 | 83520.0205 | -220501.895 | 83520.03 | -0.0106 | -0.0095
H2 -220815.5373 | 82910.0968 | -220815.522 | 82910.09 | -0.0153 | 0.0068
11 -220491.8232 | 83437.8525 | -220491.817 | 83437.874 | -0.0062 | —0.0215
12 -220899.6195 | 82931.7766 | -220899.616 | 82931.772 | -0.0035 | 0.0046
L2 -221128.1327 | 83104.6244 | -221128.148 | 83104.612 | 0.0153 | 0.0124

.Orthophoto 1) 43y a4 deadival) Orthophoto 1) (e dulially dueajal) Lalal) cildilas) 3(17) Jgand!

Al ey iy 5 X Gpsaall Sle bl Gy radal) g5 2 (AX, AY) @il o e SB35

Shapiro-Wilk test AX AY
SW-Stat 0.931634 0.977164
P-Value 0.118625 0.852652
Normal? Yes Yes

Y s X Gpsaall Lo @l @ll ekl g5 e SBU @llyg — g yuls las) 1(18) Jgaad)

Correlation between x&y -0.01508

Y X el e liy il e Ll dgas 558 :(19)d g2

138wy Jal e i Y 5 X sl (385 llall a5l Jas il Uadlll il GISQY L ranal 13y
:4lul) A8l 385 Orthophoto

2.4477\/RMSE,2( + RMSE§

Accuracy = >
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2.4477+0.000184112 + 0.000098509 _

Accuracy = 2 =2.1cm

: Azlially gitial

A el A Sy ca L JS 1) 1L
YD S J<8y dlaal) g lagY) A8y () o (GCPS) dpa V) Jasall Lalis (e oS aaed oSy .1
OLS (g Lgaladinl b LSy
s ) LS Cum ihaall g lagy) 38 e S (S5 GCPs Zpa)Y) Jasall Ll 4d4ise i .2
szl Al A8y culae | Ll Ll
alaal e Baa (Biagle 13 dpca ) ascall Lalds sac S Aalall Jiby ) Lls 48400 3005 o) .3
Lo 1385 Janl Ao jus 8 Balyys AalSH Cagds 8 e luy A ) Japall Jalis aae Q5 () G )l
Byidall il o2gd Adlady (san any
1(8 Jsaall) Lilaa) (CPs) (iaill Lol culilas) (3558 Jibai DA e .4
O [0.39/ Jalas @l 48s ) Jseasl) (e i) (S5 casal) Ll Adle Adgige Ala 5 o
L V) ey dilue Aad (e [1.4/ Jolad Ao lahy) Aiag dpa V) (i) dilue dod
G )Y Tl ASud il alaals s B2sn () Jady e 13ag Jasm s 211/ lasialy
G50 Ally Aaad )l lajdall Lgy aiad Al Al (Ao Yy Ay siusall) 280l Ay gang Lpmanyall
ey Al ) A gal) dpiil) V) e SN 8 Lle (asaiall dgaalls uladll e
Gy Sy Jial (ghnagmad) (ula) dalis il Ll (5800 cilanjall ells dliadly dadla
el Ll YL e sl adilly cl) Jlecy
dad (e [19.78) Jolas dggdl 48y ) Cind) Jua g clapuiall Lalii] dmdii Aifige Alla 3 @
a3l A V) lie ) Ailis Al (e [12.64) Jales de &yl Jiag dum V) olie ) dilue
A8 e Lygaall o3 e A2l Lpadyl) s Al 53ga ade )yt Lo 13ag Jasca ddadi /21
335n o Jasall Lalss A gige L,ilisg o Bolu oLl La 2S5y 1385 duca ) Javal) Lol
8 yesal) i) aladinly dpady)) culainal)
ledle Jpmnl) &3 Allg ((38a3 3k /24 5 Jana adai /21 /) Lpay¥) Laliill (he de gens alatinly .5
sl sl alae by (0.1 ~ 1 om) duelisyls &gl Wiy colS lly o)) o) aladinly
p Al ISl e atial) culS Ll o] (53l
2.7 em/ dgelinyy) daa sy Wiy /0.9 oM/ gsal) Cubinll 48] daal) cialy e
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/2.8 sypdl chillall Hsea (e itall DEM e DU el 73 paill A0 LA Z8AD) caly
AP Aglany) @laay) ela) 20 ASPRS julas (385 leaniti 5l cm/
leanss 5 Ally /2.1 €M/ pusall il jgem (40 il Orthophoto U 4aY) 48a cialy e
AP Ailasy) chlaaY) eha) 1 ASPRS julas 385
e gl g syl Al 8ol (il dulanl 3l oY) e Y e A8 i) ekl L6
lbanall 28308 Al il < yedal LS dae i Vg L giveal) A8 8 dasdy Aygaas AlS5 ey (e 8252
Cla sl Al §dmdia acny @Al Yl dlall @l dallal) ;ge;\n O LS i e a geaidl)
Al I sl o3 ) A8 A g (39 Ay g (B (g 02 el el ) ol il ulal A iil) o3g] 4 )

il i)

ol Loy anl 1aa Algs 8 aasy

Gosbasl) 8 ppnsall ) alatinly gsall i) A8y e sinall Jalsal) pen (il JalSia ciny Slay) .1
lexysis Jasall Jalis aae o lgshylanily Lo gra s Albaial) (puyyliai ¢ Jlall el ¢ Jilral) 2Ly
Aadleal) ey ditil) ¢Uadl) ¢ ilally ol Jalall o s clyslall g i) 50 ¢l sigas
(e & e g

ddhic JalS o Bane R Ae)ge (5<8 Cuay havall Lals e Jjeay Baadl) Lalad el sae aladia) L2
eyl o 3aill Joadl ap Jal e clldg 2yl

o Jad Gy Apsadl Dl dyyseanll 8 ke salal) Jlae Yl alall 4l Jagpill s Cyass 3
el il Culaiie 48 0 juleey Uala
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