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Abstract Aerial LiDAR (Light Detection And Ranging) is an efficient method for constructing 3D
geospatial information on topography. The interest in related fields has recently increased with the
development of equipment capable of being mounted on UAVs (Unmanned Aerial Vehicles). An analysis
of the point density of aviation LiDAR data is of high importance as a consideration for efficient spatial
information construction. On the other hand, this standard has not yet been established in the case of
UAV LiDAR. In this study, the point density for each data acquisition condition for UAV LiDAR
applications was analyzed. The data by flight altitude and flight speed were acquired for the study area.
A point density of 26 pts/m* ~ 1,267 pts/m’ was calculated according to the data acquisition conditions
through data processing. UAV LiDAR can obtain much more precise data than 2 pts/m? which is
currently the standard of "Aerial LiDAR Work Regulation". These results indicate that UAV LiDAR is
sufficient for obtaining precise geospatial information. On the other hand, the point density on the
ground of the achievements acquired in the vegetation area was 138 pts/m? ~ 355 pts/m’, indicating that
UAV LiDAR can be utilized sufficiently for precise DEM(DIgital Elevation Model) construction, even in the
vegetation areas. UAV LiDAR is expected to construct efficient 3D spatial information that enables
denser data acquisition than existing manned aviation LiDAR.
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Fig. 1. Concept of LiDAR
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Table 1. Point density standard for manned aerial
LiDAR
Grid spacing Density per m?
1m 2.5
2m 1.0
5m 0.5
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Fig. 3. Study area

Table 2. Specification of UAV LiDAR

Ttem Definition
E
Shape \
N
Weight 1.6 kg
Wavelength 905 nm
Precision 2 cm
Accuracy 3 cm
Field of view 81.7 °
Echoes per shot 2
GNSS-IMU APX-15 UAV
Size 14.4 x 9.5 x 14.2 cm

glolg 5 20| e m'yg FUEE BA45] 9
o HYPIEE 30 m ~ 100 m=Z Sk, 5 m/s ~ 15
m/sY HPEZE HolHE FHSSI THH, UAV
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A% Aol gk HU=9] Hlw @ EA40] ofF7] of
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GNSS(Gloval Navigation Satellite System) base
stationg AX|ot1l, UAVE 83519t} Table 32 d]
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Table 3. Specification of UAV LiDAR

Flight height | Flight speed | Flight height | Flight speed
5 m/s 5 m/s
30 m 7 m/s 70 m 7 m/s
15 m/s 15 m/s
5 m/s 5 m/s
50 m 7 m/s 100 m 7 m/s
15 m/s 15 m/s

Fig. 4. Flight trajectory
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Table 4. Example of target extraction result

kYR 1%
FEee vehdn

4 ¢ Ao, ot A=

Flight Flight Target extraction result Oﬂ uav LIDARQ] %]-% 7]-%__1\61 O]
height | speed Table 5t #1827 9 AUE9} Hloje) H= 2L vzt
Rl
2 AFolAs SR 5 Zofofl UAV LiDAR &
5 m/s £ A 7|2ARRE v IE, B&E, HolE 5
29 pEfsle] 59U WS APsen AL Ane
45199tk Table 62 400 m x 400 m Z7] HZ 9]
tlo]8 FSoll B A%t strip 9} HlolE F5 27 A%t
2 vepac,
30m 7 m/s Table 6. Number of strips required for data
acquisition and data acquisition time for
0.16 km2
}f:igg};:t :}l)ieg:é Data acquisition time Strips
5 m/s 26 min
30 m 7 m/s 19 min 13
15 m/s 15 m/s 11 min
5 m/s 24 min
50 m 7 m/s 18 min 12
15 m/s 10 min
5 m/s 14 min
. TEL gl 1 70 m 7 m/s 11 min 6
UAV LiDAR Ho[E|e] Hdrt= HPae o v 5w P
m/s min
THE&E 26 pts/m’ ~ 1,267 pts/m’&E YEFTE Ao 5 m/s 1o
287t UAV LiDAR+= Av]9] o =27{2]¢] 100 m wom | 7w 9 min 4
ol i &=l 15 m/s2 HIFsIRS wol®= 100 15 m/s 6 min

pts/m’* o140] HU =S vehfo] @4 3 LiDAR &
A4 7159l 2 pts/m’Eet vl AT HolEE

Table 5. Point density and data coverage for each
flight condition

}I:gii}; :gilcti Density Coverage
5 m/s 1,267 Pts/m*

30 m 7 m/s 611 Pts/m? 55 m
15 m/s 178 Pts/m’
5 m/s 821 Pts/m”

50 m 7 m/s 447 Pts/m?® 63 m
15 m/s 108 Pts/m’
5 m/s 659 Pts/m®

70 m 7 m/s 392 Pts/m’ 137 m
15 m/s 75 Pts/m*
5 m/s 439 Pts/m?®

100 m 7 m/s 232 Pts/m’ 176 m
15 m/s 26 Pts/m’
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