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Abstract

There are two feature collection methods in digital mapping using the UAV (Unmanned Aerial Vehicle)
Photogrammetry: vectorization and stereo plotting. In vectorization, planar information is extracted from
orthomosaics and elevation value obtained from a DSM (Digital Surface Model) or a DEM (Digital Elevation
Model). However, the exact determination of the positional accuracy of 3D features such as ground facilities
and buildings is very ambiguous, because the accuracy of vectorizing results has been mainly analyzed using
only check points placed on the ground. Thus, this study aims to review the possibility of 3D spatial information
acquisition and digital map production of vectorization by analyzing the corner point coordinates of different
layers as well as check points. To this end, images were taken by a Phantom 4 (DJI) with 3.6 cm of GSD (Ground
Sample Distance) at altitude of 90 m. The outcomes indicate that the horizontal RMSE (Root Mean Square
Error) of vectorization method is 0.045 cm, which was calculated from residuals at check point compared with
those of the field survey results. It is therefore possible to produce a digital topographic (plane) map of 1:1,000
scale using ortho images. On the other hand, the three-dimensional accuracy of vectorization was 0.068~0.162 m
in horizontal and 0.090~1.840 m in vertical RMSE. It is thus difficult to obtain 3D spatial information and 1:1,000
digital map production by using vectorization due to a large error in elevation.
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Table 1. Specification of UAV and camera

PHANTOM

UAYV model

DJI Phantom 4 pro
Camera model FC 6310
Focal length 8.8 mm
Image resolution 5472 x 3648 pix
Pixel size 2.41 um

Table 2. Flight trajectory and overlap

Flight height 90m
End lap : 65 %
Overlap Side lap : 60 %
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(a) Orthomosaics (b) DSM
Fig. 5. Extracted orthomosaics and DSM
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Table 3. Comparison of CPs coordinates between field

surveying and vectorizing (unit: m)
CPs Field surveying Vectorizing Residual
No.| X Y X Y AXY

CP 1| 319768.576 | 175309.662 | 319768.574 | 175309.673 | 0.011
CP 2| 319641.904 | 175170.387 | 319641.900 | 175170412 | 0.025
CP 3|319908.295 | 175464.140 | 319908.267 | 175464.130 | 0.030
CP 4| 319773918 | 175563.947 | 319773.950 | 175563.953 | 0.033
CP 5/ 320307.397 | 175647.317 | 320307.342 | 175647.281 | 0.066
CP 6| 320106.718 | 175954.384 | 320106.682 | 175954.336 | 0.060
CP 7| 320326.306 | 175786.293 | 320326.267 | 175786.292 | 0.039
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RMSE 0.045
Max 0.066 Fig. 7. Layout of point layers
Table 4. Results of reference data accuracy in X,Y and Z (unit: m)
CPs No. Field surveying Stereo plotting by DPW Residual
X Y Z Y Z AXY AZ
P1 320347.764 | 175833.975 17.010 320347.839 | 175834.049 16.984 0.106 0.026
P2 320347.815 | 175836.948 17.057 320347919 | 175836.932 17.180 0.105 -0.123
P3 320347.298 | 175837.502 17.620 320347.323 | 175837.532 17.536 0.040 0.084
P4 320332.746 | 175848.693 16.973 320332.665 | 175848.733 16.950 0.090 0.023
P5 320361.645 | 175832.079 14.855 320361.642 | 175832.095 14.828 0.016 0.027
P6 320355.013 | 175842.968 15.183 320355.036 | 175843.009 15.052 0.047 0.131
P7 320352.343 | 175816.717 14.863 320352.229 | 175816.762 14.764 0.122 0.099
RMSE 0.091 0.092
Max 0.122 0.131
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Table 5. Residuals at point layers by vectorizing and stereo

plotting (unit: m)
Reference data vs
Point No. Vectorizing Remarks
AXY v/
1 - -
2 0.183 -0.326 Electric pole
3 0.060 -0.108
4 0.061 0.003
5 0.078 -0.031 Manhole
6 0.074 -0.012
7 0.047 -0.091
8 0.006 -0.179 Sign board
9 0.074 -0.067
10 0.031 -0.234 .
1 0.210 -0.207 Traffic light
RMSE 0.108 0.170 -
Max 0.210 -0.326 -
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o] o] 2ojx|x] gfol 334 ZIE Feho-Ert A4 B2 9ok

Fig. 8. Stone wall as a line layer
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Fig. 9. Gross height error caused by non-generation of
point clouds and inaccurate DSM
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Table 6. Residuals at line layers by vectorizing and stereo plotting (unit: m)
. Reference data vs Vectorizing
Point No. Remarks
AXY AT
1 0.074 -0.091 .
Top of retaining wall
2 0.020 -0.057
3 0.112 -3.040 .
Bottom of retaining wall
4 0.108 -0.952
RMSE 0.100 1.840 -
Max 0.112 -3.040 -

530



Analysis of Three Dimensional Positioning Accuracy of Vectorization Using UAV-Photogrammetry

Table 7. Residuals at polygon layer of crosswalk and building (unit: m)
Reference data vs Vectorizing Reference data vs Vectorizing
Point No. (Crosswalk) Remarks (Building) Remarks
AXY 4 AXY AL
1 0.103 0.095 0.110 3121
2 0.059 0.112 0.218 -0.454
Areal
3 0.051 0.200 0.206 2.332
4 0.060 0.102 0.188 0.180
Area3
5 0.079 -0.096 0.162 0.249
6 0.052 0.030 0.052 0.298
7 0.007 0.024 0.119 0.024
8 0.055 0.067 0.027 2.393
Area2
9 0.072 0.043 0.082 -0.419
10 0.052 -0.059 0.009 -0.313
11 0.051 -0.033 0.176 -0.298
12 0.038 -0.024 0.082 -0.358
Arcad
13 0.063 0.037 0.267 -0.173
14 0.063 0.087 0.078 -0.182
Area3
15 0.125 0.114 0.141 -0.220
16 0.037 0.073 0.196 -0.137
17 - - - 0.204 -0.177
18 - - - 0.120 0.637
19 - - - 0.142 0.017
Area5
20 - - - 0.109 0.375
21 - - - 0.155 -0.007
22 - - - 0.277 -0.096
RMSE 0.068 0.090 - 0.162 1.035 -
Max 0.125 0.200 - 0.277 3.121 -

(a) Orthomosaics at building (b) DSM at building
Fig. 11. Inaccuracy of a DSM in a building edge

Fig. 10. Polygon layer(Crosswalk and building) A HEF AT} 2|
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