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Abstract : A method for measuring the length and slope of a temporary structure
using an unmanned aerial vehicle (UAV) and 3D modeling method is proposed. The
actual length and slope of the vertical member of the specimen were measured and
compared with the measured values obtained by the proposed method for the
specimens with and without the vertical protection net installed. Based on the result of
measuring the length of the temporary structure specimen using the UAV and 3D
modeling method, the measured value showed an error of 0.87% when compared to
the actual length in the specimen without the vertical protection net installed. In
addition, the error of the slope was 0.63°. It was thought that the proposed method
could be usable for the purpose of finding parts in wrong installation state on the
temporary structure and informing the manager in charge. However, in the case of the
specimen with the vertical protection net, the measurement showed a 1.46% error in
length and 2.77° difference in slope. Therefore, if a vertical protection net is to be
installed in a temporary structure, the measurement accuracy should be improved by
utilizing an image processing method, etc.

Key Words : length, slope, temporary structure, unmanned aerial vehicle (UAV), 3D
modeling

1LME TGl v, 7)2e] GAbgE] 9 Aol A2
2 g FREY WY 2H WHS FUEL RO
A2 AN Fobe] BA WA AR WY W HUHY Y Alge] Filo] ofgfe ANES Aoz gt
ok, A S AEAEE SOl FARE] 7] oJYth= sHAdo] 2%
(Unmanned Aerial Vehicle, UAV)E &-85}= <3¢} TLolglay| o] Eg-o AntEAANH 7)&9] 3 B
AgAE T2 Z71HT Y. B8 ARG oPolnl, ANEA PHVAS e HAFE} B
A RGEIIE EBHOR AT 4 Ut ok g slmak ok 2ol Aol 2ol Aelke] Eekd
SFoln FAYUST Al oF 002 m F=o] AUE SH g BE el M FREY HA) A &l Fol 7
7t 7hset AoR dHA Qo). ek RAgTIE Skt HlA|, s et 22 THEFRES SAE §
g-gsto] 13kl FFe FEsHL 33 mde AR 3 dAHeoz HAHM Al Fof HAsH: FA=
o dem, Al Ytk 4, e,

Soll ek P xIEo= 1%

Z=opstn or
Z=20jatn ool
7 stm A

“rEEEtn

d, s W, el A AR w58 5o geon Txvl WEd
2719 8ol Z7kst 4 Aon], Yol Al ofojx|: A9t WA

r. M
B
oZ ofn
v B
nx ox
[}
0
_|ﬂ:
el
HE
|:_|o_>d
5
58
S
° =
[0
2 3
32
=
S ®
9LQ
n O
2
“ g
=
e
35
(DLQ
o T
o C
a x
oz
o
S =
g8
c o
sz
s s
:%-
w
2 4
g
=
o
[o7)
£,
(1)
o
3
T
(]
[o]
=
o
5
wn
@
=
c
=
[0
o
=8
4
[
O
0
=)
o
o
Q
=



gz - s
Uy, Fpa 2B M2 A & Aolek 47 71&
71 AlF JuEsh I WY YRS vehd 5 s
HEoluE g ohd YoM A5 SHEE PBol
dufen AdTEE doje 4 FoL 4
=), 4% 71871 UAE AAAS Aol
Aot JpPREe] BE RS Zche
| 2pEuE @Y 4 A mE 2Ag A
& AE ofele dolet
71 ggatel SHTRE
7] gote 71e9 M 7}“?LZ
A& gEsh= AAIAS 712 AME
i A0S @ Aol dot 29a B s
of 7 7zB el
A7E A,
AE o] W oA FPT v g
sh 7PdFRE WHel 249 5 Ak 2
o) Qe shby dasker B Azl
W7 ool Aelw BAZL HAshY, 3D mul o
Fgoz BAHS WYt 4 glk 3D muHL 4
om sz A 999 WS 3AYeR Wyl
ol 2249l Ao v HE uYs) & 5 Uk POl
glqj,ls). E?}, _t’:_o]ﬁ].:v_ﬂg]r 3D thla (] %:‘} 9‘;(1;@
= oAy 4 ARl ET A7k e 2
sko] o] o A Wl 7Hd=e] A A &
& oxHo xmo 1, A% A7 BA7F ElE 9
AE NE SISO deiol BEHS S
& St wzFel YHoR Bgd 4 gk
AE elgE7lsh 3D was 7
gslo] 7pdTREo] 2] Aolst 7187 54
ARYSlelE. 4TS Folo] o FHHTE g
b olsh 7147] 3 FFEYI 3D ®
-8t SA7E gt vlasto] AQket
E% AR B, & Aol A AR
4 SHoA A7tz A e = e
ApgEtelt.

=748
Al7to

At _IIN a

m]o m{o -[n _?L rlo 2
o rr

o] %) Zole}
o] obA

olct. ok

213k
J=

NG o

_4

=

(e}
g
= Xio}— si2shr] fs d= A
PARHE X3

OE = O

"é% o3
AN E

weha 2

]
ay

oL %
[o

=

KNy
=

A=
=2
H

=}
g
=

27

Lo
o IE o S
5
_liﬁztmlor

o
R8s

o o o pE S
il ruL%

_

o)

2. A e oA Uy
A2 913 Fig. 13} Fig. 29} Zro| v]A| 19ke] 7}

TXES AXSHL vAo] AR S-S A5 AE
xﬂ—e— Az)skT) 7Pz ,1 7= 3.10 m x 1.27

x 232 mo]H 3D mdlg 23t Zo] 9 7]&7]
é’éﬂ Al 9ol 2 = éﬁlﬂwz F|asts7] I8l =
ALt =HAY 7 AAE = A 7 EES TEL
B2 A dolg Ak ol ASE A
o] Zo]& 1.715 mo|t}.

90

rPi'

3

N
ru
rﬂg
ol

2.1 M8 JTEE

3D wale A AEgo] Wolxl FHTEE ¥
At LIk, 9 24 34 o
o 718715 EAsTh TR 7§17
e Fig. 29 o] V-1t 9] 91%o] 91X)3t 4
A ofujsia, V2 SRR el F9F 44,
T VAR %] 228 xS ehich

YA AAAE o183t 7187] 2% A 2315 Zol
7] g1 T WP} gl B QA AR A
S5 2T} SR BYS 7120 Fg 33} 0] 0.5

Hojzl 91X\ HeA npar HlolZz 24 WL
EAIST E3, 3D mElA AZE o] 9 7187]
o) 7% apsEgte] QA2 Zol7) Sla) weh vk o]
g SARe] XET Yol EASHTE

oE o>”

Fig. 1. Experimental lay—out,
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Fig. 2. Dimension of temporary structure,
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Fig. 3. Slope measurement location,
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Fig. 4. Research procedure,
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Fig. 5. Digital inclinometer(Clinotronic PLUS) and Measured
slope,
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Table 1. Specifications of digital inclinometer

Size (mm) Sensitivity Stabilization time (Sec) Range(®)

100x75x30 0.020 1 +45

Clinotronic PLUSS o]-&3}o] AA9] X&=, Y= w3k
oAbkt stete] 712718 E4ateikFig 5). AHger
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Fig. 6. Picture of used UAV(DJI Mini 2).

Table 2. DJI Mini 2 specifications

Category Data Category Data
Takeoff weight 249 g Max speed 6 m/s
Max flight time 31 min Max ascent speed 2 m/s

GPS+GLONASS+
GNSS GALILEO Max descent speed 1.5 m/s
91
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Table 3. Geomax zenith specifications

Category Data

Lowest noise and advanced multipath
mitigation for highest reliability

Initialisation reliabiliy > 99.9%

Q-Lock ProTM functionality

NovAtel OEM7, 555 channels,

Measurement engine multi-frequency / -constellation

GPS tracking L1 C/A, LIC, L2C, L2P, L5
GLONASS tracking L1 C/A, L2 C/A, L2P, L3

BeiDou tracking BII, BIC, B2I, B2a, B2b, B3I

Galileo tracking El, E5a, E5b, AlItBOC, E6

QZSS tracking L1 C/A, LIC, L2C, L35, L6

NavIC tracking L5

Positioning rate 5 Hz, 20 Hz (opt)

SBAS EGNOS, WAAS, MSAS, GAGAN

Fig. 9. Point cloud,
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Table 4. Ground control point(GCP)

Coordinate system Korea 2000 / Central Belt 2010

Division X Y z
GCP1 447517.309 241068.886 62.727
GCP2 447518.523 241065.680 62.695
GCP3 447524.907 241072.745 62.732

Table 5. Ground sampling distance (GSD) and root mean
square error (RMSE)

Number of GCP Ground sampling distance (GSD) RMSE
0 0.51 cm -
1 0.65 cm -
2 0.85 cm 111.76 cm
3 0.49 cm 1.3 cm

wHo] AUt Thsainl, gho] AE4E O TS
Vet HdAl S22 *HRoot Mean Square Error :
RMSE)= #5419 59AEE Yehle ez 4
Zro] Mg Bo HURES vehuth 2 A7
= 0370 RS A ske] Hlwgh Ay, A4 71EH 3
N AAs9e o AAEEAL7) 049 cmz2 7H
A UebetT, BRAFTLOAE ZAgrel 13 em
Vg e 9% AUES GEREKTable 5). web
3D =T A 4 e shaEe} 913 AUES e
W 370 AR A7 E-(GCP) o= A stich

=
8L W 1715 me 24w gtk 3D BN Fa
ZAE HETEE SAA V-12] Bol 1696 m, V-2

SITH(Table 6).

SAEEg] AXE HTEBAUEY 29 A% 2
ol Ug 13 FUst, 3D BAYL ol §sto] 57
3+ 2227 V-19] 7ol 1.687 m, V-22= 1.686 m, V-3
L1695 mE St SAREY] HAE AY
ot Mgt 3D melY gre] B ol Aol
0.025 mo| L2 A= 7lo]9} 1.46% QA2 ZH= Aoz

B A QItTable 7).

BHROIBHE|R|, H|37H H|65, 2022

5 o] M| %A
ore A 10 Hjs) SHREYo] AXE AP 2014

sl
)
i
+
N
o
2
ik
AN
e i
54
»
f
o2
L
0
2
fu

]

2y
o
ot o2
od 1o
H
-0,
m
iy
L
!
i
ol
X
2
v
o
o
u
\

pol X%l 4% 2% HE=r} Wojx A Hek.
gl AAHA| e JHITRE X, Y
feht shere] 712718 A8 AAAE ol
P A2 3D AR B A ke v
bel(Table 8), 214] V-19] 7127] o]t 043,
= 0.49°, V3= 0.98°2 yelgch A4 v-13
V0] Mgtk 7]27] Holt 0.5%0 el B 44|
Zo] 1715 mo| thal Aeke] WSI7k 15 mm 2] ©
2 H9) Wz M%) 7127] 24o] Mk ojulgick
VAL~ V39] At 2Agke] B Aol 0.63°F
BRie, 5] AbgelA] 18 mme] Aek wg] whlo]
27 9ApASlE Uehiich. webd M REe) 4%
AR REE SES Fob HelRelA deiE 4
ol BHow Ao wye Aeg a4 gt
g

uhylo] AuEe] AXE HETREY B9
AE A} 3D mEEE B 243 }
olg NS, #AM V19 Bt 7)e
2.29°, V2= 2.89°, V3= 3.13°2 BEALQow, 43

L
> N

0.
r

i

B2 v
AN
o
ok

O

<
&)

Table 6. Length comparison in experiment 1

Length(m) . Mean
Difference ..
Member Actual Modeling (m) difference
measurement measurement (m)
V-1 1.715 1.696 0.019
V-2 1.715 1.705 0.010 0.015
V-3 1.715 1.700 0.015

Table 7. Length comparison in experiment 2

Length(m) . Mean
Difference ..
Member Actual Modeling (m) difference
measurement measurement (m)
V-1 1.715 1.687 0.028
V-2 1.715 1.686 0.029 0.025
V-3 1.715 1.695 0.020
93



Table 8. Slope comparison in experiment 1
Slope(°)

Difference Mean
Measurement Actual Modeling ©) difference

measurement  measurement ©
X slope -0.36 -0.8 0.44

V-1 0.43
Y slope -043 -0.85 0.42
X slope -0.5 -1.19 0.69

V-2 0.49
Y slope -0.52 -0.81 0.29
X slope -0.52 -1.29 0.77

V-3 0.98
Y slope -0.22 -1.41 1.19

Table 9, Slope comparison in experiment 2
Slope(°)
M Difference .Mean
easurement Actual Modeling © difference

measurement  measurement ©
X slope -0.36 2.19 1.83

V-1 2.29
Y slope -0.43 -3.18 2.75
X slope -0.5 -3.23 2.73

V-2 2.89
Y slope -0.52 -3.56 3.04
X slope -0.52 -3.69 3.17

V-3 3.13
Y slope -0.22 233 3.08
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