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A Study on Precision of 3D Spatial Model of a Highly Dense Urban Area
based on Drone Images

22! 23l - 20120 2520

Choi, Yeon Woo :Yoon, Hye Won - Choo, Mi Jin:Yoon, Dong Keun

Abstract

The 3D spatial model is an analysis framework for solving urban problems and is used in various fields such as
urban planning, environment, land and housing management, and disaster simulation. The utilization of drones
that can capture 3D images in a short time at a low cost is increasing for the construction of 3D spatial model.
In terms of building a virtual city and utilizing simulation modules, high location accuracy of aerial survey
and precision of 3D spatial model function as important factors, so a method to increase the accuracy has been
proposed. This study analyzed location accuracy of aerial survey and precision of 3D spatial model by each
condition of aerial survey for urban areas where buildings are densely located. We selected Daerim 2-dong,
Yeongdeungpo-gu, Seoul as a target area and applied shooting angle, shooting altitude, and overlap rate as
conditions for the aerial survey. In this study, we calculated the location accuracy of aerial survey by analyzing
the difference between an actual survey value of CPs and a predicted value of 3D spatial Model. Also, We
calculated the precision of 3D spatial Model by analyzing the difference between the position of Point cloud and
the 3D spatial Model (3D Mesh). As a result of this study, the location accuracy tended to be high at a relatively
high rate of overlap, but the higher the rate of overlap, the lower the precision of 3D spatial model and the higher
the shooting angle, the higher precision. Also, there was no significant relationship with precision. In terms of
baseline-height ratio, the precision tended to be improved as the baseline-height ratio increased.
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A Study on Precision of 3D Spatial Model of a Highly Dense Urban Area based on Drone Images
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Table 1. Shooting conditions of aerial survey
No Overlap | Camera | Altitude No Overlap | Camera | Altitude
(%) |Angle(") (@m) (%) |Angle(") (m)
1] 80 90 120 |19] 60 60 100
2] 80 75 120 20| 60 45 100
3] 80 60 120 |21] 60 90 80
4] 80 45 120 22| 60 75 80
51 80 90 100 |23] 60 60 80
6] 80 75 100 24| 60 45 80
71 80 60 100 |25] 40 90 120
8] 80 45 100 |26] 40 75 120
91 80 90 80 27| 40 60 120
10 80 75 80 |28 40 45 120
11] 80 60 80 29| 40 90 100
12| 80 45 80 |30 40 75 100
13| 60 90 120 |31] 40 60 100
14] 60 75 120 132] 40 45 100
15| 60 60 120 |33] 40 90 80
16| 60 45 120 |34] 40 75 80
17] 60 90 100 |35] 40 60 80
18] 60 75 100 |36] 40 45 80
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Table 2. Location of GCP and CP Table 3. Accuracy of aerial survey using CP and GSD
GCP and CP NX(m) EY(m) Elev(m) according to shooting condition
1 314358.31 4151579.60 39.16 Shooting condition RMSE(m) |GSD| Mean
GCP 2 314453.14 | 4151660.80 41.85 No |Overlap Anogle Altitude NIE|Z (cm/ reprojection
3| 31446309 | 415138604 | 40.40 ) | ) | m inch)| _error
1 80 90 120 ]0.89]1.18|1.38]2.55| 0.242
4 | 31455537 | 415148063 | 3877 2] 80 | 75 | 120 |1.02[1.50/0.852.53| 0.222
1 | 31441619 | 415147397 40.24 3] 80 | 60 | 120 1.23]1.49/0.90/2.54, 0.214
CP 2 314442.38 | 415151045 40.51 4| 80 45 120 |1.04]1.28/0.99/2.54| 0.215
3 31449218 | 4151601.95 40.47 5 80 90 100 ]0.87]1.18]1.23|12.53| 0.255
6 80 75 100 |1.03]1.50/0.92]2.55| 0.238
7.1 80 60 100 |1.07]1.54]1.19|2.54| 0.228
8| 80 45 100 10.89/1.40/0.96/2.54| 0.22

9 80 90 80 10.84|1.16/1.28/2.55| 0.276
10/ 80 75 80 10.90[1.20]1.07/2.55| 0.292
11| 80 60 80 10.92/1.23]1.01/2.54| 0.23
12| 80 45 80 |1.01]1.21]0.96/2.54| 0.214
13| 60 90 120 [0.91]1.29/1.1512.53| 0.216
14| 60 75 120 10.90/1.31]0.97|2.55| 0.221
15| 60 60 120 10.90[1.29]0.94/2.54| 0.221
16| 60 45 120 ]0.92]1.24/1.01/2.54| 0.198
17| 60 90 100 [0.94/1.11|0.94]2.55 0.24
18| 60 75 100 |1.05]1.38]0.95/2.55| 0.225
19/ 60 60 100 ]0.93]1.25]1.05/2.54| 0.23
20| 60 45 100 [1.08]1.18]1.02/2.54| 0.214
21| 60 90 80 |1.10/1.44/0.87/2.55| 0.239
22| 60 75 80 [1.04{1.21]1.07/2.55| 0.251
23| 60 60 80 |1.05/1.20/0.93/2.53| 0.239
24| 60 45 80 [1.251.32]0.84/2.54| 0.215
25| 40 90 120 [1.15/1.14]1.01]/2.54| 0.218
Fig. 3. Flight path and location of GCP and CP (Ex: 26| 40 75 120 11.09/1.1711.02/2.54 0.21

80%,90°,100m) 27| 40 60 120 10.94/1.26/0.91(2.54| 0.222
28| 40 45 120 [0.97]1.16/0.89/2.54| 0.202
29| 40 90 100 [1.11/1.37/0.88/2.54| 0.213

StZ=rHo| X5t H A
32 PSEHE Bk =4 30 40 | 75 | 100 1095/1.14/0.952.54 0221
Z}zko] &g 2AER AP @2kt 2|47 &3 31| 40 60 100 |1.13/1.350.87/2.54] 0.223

- _ 330 40 | 90 | 80 |105[1.37(1.04]2.55] 0.228
X BALI T A ZSANE L EFa

087mA] 1.88m= wA=a Ag7IEaldres 32 34] 40 | 75 | 80 [0.96/1.52/0.96/2.55| 0.222
o ZAHEE 2.53cm/inchol|A] 2.55cm/inche] M= A
]_-_

A
% (GSD: Ground Sample Distance) & 543} A1}, RMSE= 321 40 45 100 |1.19]1.33[1.01]2.54| 0.209
=

35| 40 60 80 11.09]1.44/1.01/2.53| 0.223

IcH(Table 3). Z} §F3& Ao whet Z3e 7} Alo|sHA] 36| 40 45 80 |1.18]1.25/0.98/2.54| 0.226

9 7 FoAE FEEC] 80%, EF2 =71 90, %}‘333’—57}

80m%d wf 9173 = ﬂﬂEﬂ 7130, AL 0] ARl 5 3.3 3xHd 3ZtzFe| MUE H|wEAM

Eo| 60%, FFZe7} 457, Y7} 8omY ‘IH ge=7t SEES AT 271 ZY20E AT AHlelA S5
7P =2 2082 AT Table 3). o9} @edste], 7| & WSt o 33pY 3] AU WSS 24 At
Aol A e 857 A s wol7] flsto] 217 FEA R FEEO] oS 3k sy o] U=t
T Y ute ZGo 2 FHER Y5t Aol Agsr HoRl= A AL, 580 7P W o s vt
(Yoo et al., 2016; Lee and Lee, 2017, Cho et al., 2020), At 2] A =2 710 &2 BRIt Table 4, Fig. 4). s Aif= 9FA]
o2 32 HPurolA HYst Aol s Y 3 AT Ak A= Adoldh ARkE Bl o
2ol AAE v7E ItHKim e al., 2018). ek AT = w2 FEEA ATt 2 A



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 40, No. 2, 69-77, 2022

< HRI W, A e EAAT M= 23| W2 FEEA
e U ueli o2 s, ol Bl 2
A AT RS e = HeEs B AR e
FEoME FEEC] s 5 g S Zﬂ/\lf& HP
7} )& 9k (Lee and Lee, 2017; Cho et al., 2020), Son et al.(2018)
of QIO W F B BOHE HUET) ol 4 908
A3k} Qe

Table 4. Analysis of precision of 3D spatial model

by change of overlap

7} wisto] 2 3719 ErkmEe] AUE Wels B 4G
A3, Y77} S10) 71 e42 AU} ol
2 Hol= 7o g BEAEQtH(Table 5, Fig. 5).
I 120m W F5E 60%0] 4 ZL2fRE AaFo] 7 7Rt A
2 EAERICE w2, F91 % 120m US55 80%0]
183t Ao 714 ekdl A o 7 BAL|QIT) ESt, 2

FEi= RMSE®Q] Hsb} 4= 3l=t, ol=
£ g mEey 350 Fobiel el AU 28
o= Aol EAsl| flel Ao = HekETh(Fig. 4).

fir

- - Table 5. Analysis of precision of 3D spatial model
Fixed Fixed
condition |OVver| pricp condition |OVver| prree by change of angle
No lap No lap
Altitude| Angle | (oj | @ Altitude| Angle| (o | @ Fixed Fixed
) ) ) @) condition condition
Angle | RMSE Angle | RMSE
40 | 137 40 | 2.07 No| s ltitude ?:er ) | @ | Alitude ?:er ¢) | @
1| 80 | 45 | 602057 100 | 75 |60 |2.69 m) C,}; m) (0}’)
80 | 3.00 80 | 324 45 | 137 45 | 3.3
40 | 178 40 | 2.48 60 | 178 60 | 3.07
1| 80 |40 6| 100 |80
2] 80 | 60 |60 | 242 8| 100 | 90 | 60 | 2.94 75 | 2.06 75 1324
0] 296 0] 358 o0 | 161 o0 {358
40 | 2.06 40| 1.54 60 | 2.42 60 | 1.56
3] 80 | 75 |60 |286|9| 120 | 45 |60 | 2.05 2] 80 160 o5 | 7| 120 |40 95 108
80 | 3.45 80 | 3.39 Zg 2~374 4912 21075
40 | 1.81 40 | 1.56 0 |29 0 | 248
41 80 | 90 | 60| 274 [10| 120 | 60 | 60 | 2.48 31 40 180 T35 8| 120 | 60 oS e
80 | 3.49 80 | 3.23 90 | 3.49 90 | 2.99
40 | 1.54 40 | 128 ‘6‘(5) 12‘9‘ ‘613 ;;g
51100 | 45 | 601|223 [11| 120 | 75 | 60| 2.66 41 100 140 — 50719 120 | 80 oSy
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Table 6. Analysis of precision of 3D spatial model

by change of altitude
Fixed Fixed
condition condition
No| Over Altitude | RMSE No|Over Altitude | RMSE
la Angle| (m) m la Angle| (m) )
o PO
(%) (o)
80 1.37 80 |2.86
1140 | 45 100 | 1.54 | 7|60 | 75 100 | 2.69
120 | 1.54 120 | 2.66
80 1.78 80 2.74
2140 | 60 100 | 1.39 | 8 | 60 | 90 100 | 2.94
120 | 1.56 120 | 2.99
80 2.06 80 3
3,40 75 100 | 2.07 |9 |80 | 45 100 | 3.13
120 | 1.28 120 | 3.39
80 1.81 80 296
4140 | 90 100 | 2.48 |10] 80 | 60 100 | 3.07
120 1.7 120 |3.23
80 2.05 80 345
5160 | 45 100 |2.23 |11} 80 | 75 100 | 3.24
120 | 2.05 120 | 3.34
80 242 80 3.49
6|60 | 60 100 | 2.41 |12| 80 | 90 100 | 3.58
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Fig. 6. Analysis of precision of 3D spatial model by change
of altitude
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