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Abstract A high-precision three-dimensional (3D) imaging method using four-sided tower mirror scanning is proposed,
herein, with the aim of solving the problems of low scanning efficiency and small angle of view of unmanned aerial vehicle
(UAV) airborne lidar in the current 45° mirror scanning mode. First, a four-sided tower mirror structure for unmanned
airborne LiDAR scanning was designed. Second, the scanning imaging model of this tower mirror was established, and its
scanning coordinate equation was thus derived. Third, the track characteristics and influencing factors of the tower mirror
were analyzed and compared with the scanning track of the 45° mirror. Finally, the qualities of the 3D laser point clouds
obtained by the four-sided tower mirror and 45° mirror scanning UAV airborne laser radar were compared through
experiments; the results indicate that the scanning efficiency of the former is more than three times that of the latter at the
same speed. Additionally, the scanning point cloud has high density, small thickness, and good penetrability; it has broad
application prospects in high-precision topographic mapping.
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Fig. 1 Schematic diagrams of 45° mirror scanning. (a)Principle of 45° mirror scanning; (b) schematic diagram of 45° mirror scanning

trajectory; (¢) principle of four-sided tower mirror scanning
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Fig.2 Four-sided tower mirror scanning model
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Table 1 Geometric dimensions of four-sided tower mirror
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Table 2 Scanner parameters

Laser pulse

Laser divergence Scanning mirror Scan speed /

Scanner Scanning mirror
e repetition rate /kHz ~ angle /mrad rotation speed /(r/s) s!
RIEGL VUX-1UAV 45° mirror 0.5 200 200
Luojia Yiyun FT-1500 four-sided tower mirror 0.5 75 300
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Fig. 12 Point cloud thickness measurement
K A5 B A dy " IE IR IE X B R T
3) mmFiEN
S g EM YL LIDAR M 2 () 52 45 5 A
Pz — o R AT AR R A B
o G EVER BT R R AR < 1) 2 MR XS
MBI n AN T, L, WK 13 () BrR 3
oS S e ISP 2 S 2 N AT AR 23 N U R S R
R A P E AR T RO R R R S 2 o XKL
FUB 22 5 2) BB A XY A 25 AR A 5 B8 T 0 A1 Y
POy R BB i R s AR 0 O e IXH) H o, T
K13 (b) B, 5 0 A 2 76 3 B A 3 T o0
a2 5 DR R R 8 DX TR 3) = AN IE X T
4 5 2 A A s XS BT Access Ge it 434> A2 X TR
H N Y 080, IF 75 18 XN S B Lol P
P,=Q;/Qun» (15)
T Qo X 18] Y A5 B 5 Qo 2 121X T] T AE X 38K P
BGj R IXE],j =1, 2, -, ks

K13 S () ZFE AT e IX 5 (b) e A2 DX &) 53
Fig. 13 Point cloud penetration analysis. (a) Penetration

analysis selection area; (b) elevation interval division

LI NG IR S 2 T 2= e = | B T = v e i 7
WY I 2 A A I RS BB 22 A SR IOG R A A A )2
R R, AR 2 5 % Z B IA W T R ML Z A T
JEALAE Z2 A AR X TR], DX ] P 8 S S T AR /DN 5 b T )22
A ENFIRE AR SEAE YY), RS T AR K . Bl T2 A
P E H ~H,, B T2 & X H, ~H,, #5521
T AR H, o ~H, Wb T2 BT 2 R e 2 Y
S B TE XN A s BB E ) 3 ) o PP, P
P,= ?P/
P,= Zupfo (16)

P‘:Z:i \ 1Pf

1428002-6



F605FE 148/2023 F£7 B/BAEXBEFZHE

R A B A AP B R A5, N R A 7 45 X TR N 43
A4, HP,=>0.2.P,=0. 20, 0Ot 5 = %
B
4.3 ZBHERHF

S 32 EE H A S a6 H 3 ok A P i A
A5V A 1 T AHLHL AR LIDAR B4 55 2 i &
96 UE DY 1 35 B T JE APLALER LIDAR 4 52 B 471 35 1
fig . PIRD LIDAR 4 09 B o 2 = R ] 14,15
fis o BN = FT-1500 HL#E LiDAR 35 BUK i H
T A A A A A ) S s R e I R
2 SV T AR XA R R v R A RS B S A, T s
BN 0 2 VA% TP AL A 43 A5 Bl b ) R AR 0
AR B, H R S = % BT & T RIEGL
VUX-1UAV,

K14 RIEGL VUX-1UAV i H =
Fig. 14 Point cloud of RIEGL VUX-1UAYV for single flight

El15  FIMEF = FT-1500 BAiH 8l =
Fig. 15 Point cloud of Luojia Yiyun FT-1500 for single flight

XF A LIDAR BT 88 = 5 RTK A5 = 2 22
M BE N REMLS s g EEE 4T A
PR 43 BT -
4.3.1 RTK ZHA2{Exfk

RIEGL VUX-1UAV HI Iz FT-1500 £ 1)
M5 18 M RTK AR E 2 dZ Wk 3 i .

RIEGL VUX-1UAV HH#{i By #0688 = 5 18 4~ 4b
Ak RTK #1922 33 H o 0.02296. bk #E 22 4
0.023827; B I = FT-1500 A it S = 5
184~ RTK & 1y = 2 22 B {H 4 0. 021506 ., b #E 22 N
0.022317., WL, Bt~ FT-1500 LIDAR 18 19 4
=I5 RIEGL VUX-1UAV [6] 254 B |
4.3.2 EBEHE

ARSI T AP LIDAR B9 05 = % £ E 5903/
FBOE % 505 2 4 6, RIEGL VUX-1UA'V F1 3% 3 47+
= FT-1500 09 52 Br 4037 #1143 591 901 857, M0t & 5%

W% A3 311 h 550 kKHz #1400 kHz, 75 44355 X 1 45 7 85 i
T3 4 s o

#3 LIDAR Sz 5L RTK i@ 222
Table 3 Elevation difference between LiIDAR point cloud and
field RTK point

4z
RTK point 0 1EGL VUX-TUAV  Luojia Yiyun FT-1500
1 0.0358 0.0192
2 0.0242 0. 0087
3 0.0014 —0.0211
4 0.0148 —0.0039
5 —0.0038 —0.0230
6 0.0139 —0.0057
7 0.0147 —0. 0064
8 0. 0265 0. 0095
9 0. 0000 —0.0151
10 —0.0156 —0.0280
11 —0. 0458 —0.0597
12 0.0235 0. 0027
13 0.0378 0.0165
14 0. 0441 0.0228
15 —0.0122 —0.0285
16 —0.0125 —0.0164
17 —0.0103 —0.0224
18 0.0236 0.0016
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Table 4 Point cloud density of each selection area

Area Do /10’
RIEGL VUX-1UAV  Luojia Yiyun FT-1500
A, 116. 56 319. 56
A, 104. 40 374.32
A, 91.04 318.48
A, 132. 32 242.76
As 120. 16 203. 20
B, 46. 80 139. 84
B, 51.40 100. 64
B, 62. 80 240. 00
B, 74.72 390. 96
B; 150. 64 380. 44
B 140. 40 306.92
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Table 5 Point cloud thickness of each selection

Area I/m
RIEGL VUX-1UAV  Luojia Yiyun FT-1500
A, 0.025 0.032
A, 0. 045 0.037
A, 0. 046 0.034
A, 0.041 0. 045
As 0.031 0.030
B, 0.047 0.061
B, 0. 050 0.065
B, 0.074 0.070
B, 0. 050 0.042
B. 0.061 0.051
B; 0.048 0.047
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