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[Abstract]

3D spatial information is an important element in the construction of digital twins in the Digital New Deal of the Korean
version of the New Deal. Aerial sensors are mainly used to produce such 3D spatial information. In this research, we examine
whether such sensors can be used for constructing 3D spatial information by evaluating the positional accuracy of images in each
direction through aerial triangulation using a multi-directional tilt camera, which is different from the existing method of acquiring
images from only the vertical direction. The vertical direction images were within the standards of aerial photography work
regulations, and the results that satisfied the aerial photography work regulations were obtained by comparing the location
accuracy with the ground reference point for the images in the front, rear, left, and right directions. It was observed that the
accuracy decreases in the case of an inclined image, because the distance from the adjacent part to the vertical image depends
on the hardware structure. Further, in the case of an inclined image, an accuracy of up to 50% was obtained in the longtrack
direction depending on the center of the image.
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Fig. 2. UrbanMapper-1 Image and shooting method

E 1. UrbanMapper-1 &
Table 1. UrbanMapper-1 specifications

Nadir sensor size 28,200 X 11,500 pixel
RGBI, RGB, CIR, NIR (Nadir), RGB
Channels )
(oblique)
Sensor technology BSI-CMOS
Pixel size 3.7um
Maximum frame up 1o 0.6 sec
rate
Dynamic range 84dB
Compensation FMC
Shutter speed 1/2,000sec
Analog to Q|g|tal 16bit
conversion
Focal length 90mm
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Table 2. Number of photos and number of ground control

points
Division Details Note
Aerial photograph 790 Vertical + Tilt
GCP 19 HV
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Fig. 6. Location of ground control points by AT
performance
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Table 3. Vertical image AT performance

GCP Vetical image Error
Point No.
X Y z X Y z Dx Dy Dz

36701TLO7 208319.020 470134.419 | 35.439 | 208319.056 470134.410 | 35.360 -0.036 0.009 0.079
36701TLO8 209978.395 470078.926 | 56.698 | 209978.391 470078.903 | 56.665 0.004 0.023 0.033
36701TLO9 211540.103 470212.048 | 64.313 | 211540.103 470212.055 | 64.358 0.000 -0.007 -0.045
36701TL10 207185.891 469731.403 | 28.389 | 207185.866 469731.394 | 28.380 0.025 0.009 0.009

36701TL15 212564.928 469691.300 | 48.195 | 212564.952 469691.291 48.145 -0.024 0.009 0.05
36701TL17 208562.078 469064.993 | 45.404 | 208562.054 469065.032 | 45.418 0.024 -0.039 -0.014
36701TL18 209511.298 468987.397 | 46.642 | 209511.320 468987.414 | 46.667 -0.022 -0.017 -0.025
36701TL19 210469.180 469038.404 | 49.868 | 210469.176 469038.399 | 49.835 0.004 0.005 0.033
36701TL21 212818.484 468902.509 | 41.009 | 212818.515 468902.487 | 41.002 -0.031 0.022 0.007
36701TL23 208676.588 468125.304 58.683 208676.633 468125.306 58.666 —-0.045 —-0.002 0.017
36701TL24 209728.857 468200.456 | 34.587 | 209728.864 468200.457 | 34.639 -0.007 -0.001 -0.052
36701TL25 210923.030 468170.923 74.231 210923.040 468170.923 74.257 -0.010 0.000 —-0.026
36701TL31 210586.899 467580.169 | 52.875 | 210586.903 467580.176 | 52.892 -0.004 -0.007 -0.017
36701TL32 211423.798 467631.480 | 59.162 | 211423.777 467631.485 | 59.140 0.021 -0.005 0.022

36701TL33 212770.106 467591.710 | 33.688 | 212770.094 467591.724 | 33.658 0.012 -0.014 0.03

36701TL34 207304.707 466935.464 | 21.196 | 207304.671 466935.480 | 21.146 0.036 -0.016 0.05
36701TL35 208797.584 466871.173 | 46.047 | 208797.585 466871.170 | 46.085 -0.001 0.003 -0.038
36701TL40 208452.962 466106.721 36.535 | 208452.916 466106.719 | 36.528 0.046 0.002 0.007
36701TL42 211695.591 466304.503 | 46.131 211695.584 466304.479 | 46.248 0.007 0.024 -0.117
MAX Error 0.046 0.039 0.117

MIN Error 0.000 0.000 0.007

Standard Error 0.015 0.010 0.027

RMSE 0.024 0.015 0.044

# 4. ZA O[0|X] AT HzHE)

Heennnost Table 4. Tilt image AT performance (forward)
Error (forward)
Point No.
Dx Dy Dz
36701TLO8 -0.010 0.009 0.110
36701TL15 0.008 -0.015 0.041
36701TL17 -0.003 -0.005 —-0.052
36701TL18 -0.004 -0.007 —0.066
36701TL25 0.004 0.010 0.001
36701TL31 0.003 0.001 0.027
36701TL32 —-0.002 0.003 —-0.009
36701TL35 0.003 0.005 —-0.051
MAX Error 0.010 0.015 0.110
MIN Error 0.002 0.001 0.001
Standard Error 0.003 0.004 0.034
O 7. ZAo[O|X| ofF LHX|A
Fig. 7. Tilt image distortion area RMSE 0.005 0.008 0.055
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Table 5. Tilt image AT performance (back)
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Table 7. Tilt image AT performance (right)

Error (back) Error (right)
Point No. Point No.
Dx Dy Dz Dx Dy Dz
36701TLO8 -0.003 0.003 0.056 36701TLO7 -0.013 0.003 0.057
36701TL10 0.006 0.013 -0.025 36701TLO8 -0.009 0.000 0.015
36701TL17 0.002 -0.026 -0.004 36701TL09 0.026 0.005 -0.043
36701TL18 0.000 -0.017 0.037 36701TL10 0.031 -0.005 -0.013
36701TL19 0.005 0.007 -0.073 36701TL15 -0.018 0.003 0.052
36701TL21 0.001 0.006 0.041 36701TL24 -0.028 0.003 0.042
36701TL24 0.004 0.017 0.009 36701TL25 -0.011 -0.002 -0.083
36701TL25 -0.008 -0.016 -0.071 36701TL32 0.011 -0.008 -0.025
36701TL31 -0.004 0.017 0.040 36701TL33 0.002 -0.004 0.061
36701TL32 -0.002 -0.001 -0.010 36701TL40 0.009 0.006 -0.063
MAX Error 0.008 0.026 0.073 MAX Error 0.031 0.008 0.083
MIN Error 0.000 0.001 0.004 MIN Error 0.002 0.000 0.013
Standard Error 0.002 0.008 0.025 Standard Error 0.010 0.002 0.022
RMSE 0.004 0.014 0.044 RMSE 0.018 0.004 0.050
HAF olu|A & o] g3k AT FARISFE 23+
E 6. ZAL 0[n|X] AT M2K(ZH GSD 12 OMMW &8sk FHHeAt 0.24m, RMSE
Table 6. Tilt image AT performance (left) cm = -4 Y.oam,
0.12mE 25 w=Es= Ao g Yelg)
Error (left)
Point No.
> > > V. gz
36701TLO7 0.003 0.026 0.036 _ .
sk AAh ke g2loln| x| e} HAL o]r| A& o8-8}
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