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Abstract

LIDAR (Light Detection and Ranging, LIDAR) is a rapid development technology. Lidar
emits a large number of laser pulses in a short time to measure the three-dimensional
coordinates of the object. These three-dimensional coordinates acquired by lidar called point
clouds. Lidar can be equipped-with different platforms. In order to combine lidar data from
different platforms, point clouds registration is applied to improve the geometrical consistence
results between lidars.

In this study, we proposed a least squares 3D surface registration process to.register two
different point cloud datasets: First, we divide the point clouds-into a 3-D voxel structure.
Then, we use Principle Component Analysis to calculate ‘the normal vector of plane in
eachvoxel. The distance and angle between planes are analyzed to construct the candidate
conjugate planes, -and_ finally the unknown transformation parameters are solved by least
squares adjustment.

This study use a simulation data and two real data in point clouds registration. In order to
analyze the effect of point density in registration, the simulation data simulates different
conditions and estimates the errors. The real data are airborne and mobile lidars which were
acquired by Optech ALTM 30/70 and Optech Lynx in Taipei city.

In the experiment result, the simulation analysis indicates that registration error is

increasing when the density of lidar is decreasing. For real dataset, the registration error



between airborne lidar strips is improved from 9cm to 4.7cm. The registration error of mobile
lidar between different paths is improved from 40cm to 4cm. Finally, the registration error of

airborne and mobile lidars is improved from 84cm to 5¢cm. .

Keyword: point clouds, least squares 3-D surface matching, registration.
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o RCZE SR TG ] a RfE e PG AN T EEE ] - R RSB
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Mc=(n=5 Y2=7 — »—¥|x|7?. z, 2, (% 3-3)
ZW—Z Zy—Z .. Z;—Z ) ) T
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3-6 2 = #F -3
#7737 & * LS3D(Gruen and Akca, 2005)f# & d& % Sofic > M2 2 BR B Y 3 &
BLA BTG o PLA TG AR IRPRES ARG ZHF- FHZFRHLEE FTRA
ToomTg P PEIHY - Tg i HELAEY Taf(xyz) ¥- TalliF Lk
TPl T agxyz) BREBERZT > 0 a Tq oy il L 7ot 35
Iy
f(x,y,z) = g(xy,2) (5% 3-9)
RPN TR T EPRREFEAEPFLAERS TG AR o P T Y
BRLAEEFe®yz) £ 24~ 357 B G360
fxy.2) —e(xy,2) = gXy2) (;% 3-6)
936 5 B D Fedime T e LR AR 0 SO B LA ETET RS T
B2 B L E RS ) 0P iR 0 B - Sl (et 3T)E Y hg(xy, )Tt B
RS T VLTRSS N SR e S g T S ST
AR e S R A s S AR AR 0 < TR YR BER S
g(x,y, Z) %A Soscpic A 18 Bl4o S {8 iRl B #2538 4ost 3-8 N ¥ go(x,y,2) % T
g(X,y, z) T deiT i = § -
X =ty + m(rp1xg + 112¥0 + T13%0)
y =ty + m(ry1Xo+ 132Y0 + T23%)
z = t; + m(r31Xo + 1320 + T33%0) 7 3-7)

f(x,9,7) = e(x,,2) = go((x,y,2) + 2D dx 4 2D gy 4 INEID g7 (5% 3-5)

=SB (R 3T)Y 0 (X0, Y0, Z0) & RAP ART B b gk AR 0 3R 5 L R
BHBEIXYDEFT T L 0 B R 7 B LR(w,$.K) 0ty L, E A B AT
W EXYZZ BT B E oA MAT R RETF]F O AP ERS 2T FE R RFL SR
e B S IR (rigid body)# 4% » Flpt K-t R FlF %171 e

2 5N 3-8 d PR A2 ek el b 4B - B Sl T 1P 58 3.7 sedxe
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dy* dzfg# 5 = B S8(hes 3-9) 349 pis = B Al B £ (to )t m, 0, ¢,K6)  ay b

7o 37 ¥ A arlcpics (el o

dx = ;—:idpi = dty + apdm + ay1dw + a1,d¢ + a43dk

dy = ;—;dpi = dty + ayodm + adw + ad¢ + a3d

dz = aa—:idpi = dt, + azodm + az;dw + az,d¢ + aszdk (¢ 3-9)
$38¢dx~dy 2 dzeiklikT Mg AT R g Xy, 2)Hx y % z2 Fihe F 2T

B S 310

990 (x,y,2) 990 (x,y,2) 0go(x,y,2) .
gx = —Oax e ’ gy = —an z ' g, = —Oaz Z (;7\‘ 3'10)

090(x,y,z) 0g9(x,y,z) 0g9(x,y,2)\. e . SRR
BN 3-8 2 ( Oax . an ; Oaz )z% * 3¢ 3-10 2 (gx, 8y, 82) F #% 0 1 X

*N3-9¢ j8 3 (x,y,2) ¥ Rk amdicib A 2 F A 2B F 8 BB (S LR AR et 311 -

—e(x,y,2) = gydt, + g,dt, + g,dt, + (gxam + gyQzq + gza30)dm o] (gxall +9ya;1 +

gza31)dw + (gxa12 + gyQz; + gza32)d¢ + (gxa13 + gyQr3 + gza33)dk — f,y,2) +

Jo(x,¥,2) (¢ 3-11)
59 3-10 R B DR E LA P | S AR 0 T aE 2 e A A riicerE X

2 P £ B (o5t 3-12) -

A =gy 8y 8z (gxalo T+ GgyQzo + gza3o)' (gxan + gya1 + gza31)» (gxa12 + gyaz; +

gza32)' (gxa13 + gydaz + gza33)]

T = [dty, dty, dt,, m, dw, dd, dk]

I=f(xy,2) = 8o(x,7,2) (5¢ 3-12)

R S31279 ARt s e r B FRGTZ R P AR Y Y M R TG R

HeAd 4 2 BP| 2 AN R TR SRR FIP G XSRS AN R L A M

SRl HAAEE S 0L B o A - T L3 0 7 BN 313 RfRA vk
HE R OB B B A e X b T @] F - 5 A rdcin T EG MG R w N 312 F

ArE 2 KPAEL AN ERPIEEL I L EAFRE A B EE M E R - PHREE
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0.025 4
0.03F
002 4
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0.02- 0015}

0.015F
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0.005F
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5 3 7 5
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0.018 004k
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# 5-1~LS3D %2 ICP * #

FEE mR fend dz(Mm) (dx? + dy? + dz2)z(m) 5 BEE(S)
;. Ocm 0,001 -0.001 0.001 0.002 33.5
T 15cm - -0.002 -0.043 - 0.020 0.048 413
LS3D
, Ocm 0016 -0.017 0.018 0.030 35.5
10 915cm  -0.023 -0.043 0.003 0.049 15.0
1 Ocm 0 0 0 0 421.1
1° 15cm @ -0.008 0.001 -0.005 0.009 3207.2
ICP
Ocm 0 0 0 0 83.7
10 "45cm  -0009 0  -0.004 0.010 272.7
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152 44 FHT T 5 FHRLL

Bt Em) )&M) FdEm) HFIL(M)

2EW 1.184 0.000 -0.063 0.121
&1 0.353 0.000 0.000 0.062

%\’ 5-3 N ’L %{,@,—}b%“ In %’fb‘a’e‘b%hﬁﬁ %:Qgt

ty(m) ty(m) t,(m) w(degree) ¢(degree) K(degree)
-1.073  0.224 0.064 0.014 -0.006 0.006
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w(degree) d¢(degree)

0.118 . 0072 0017 0.006 .0.006 -0.009

0975 0350 | 0.071 0.022 0.003 20,022
10 0103 0084 0037 0.002 0.001 0.003
11 1214 0334  0.059 0.023 -0.001 0.069
12 0103 -0015 0041  -0.010 -0.006 -0.003
13 0706 0196  0.022 0.014 -0.004 0.009
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7 05-0 ki S

w(degree) ¢(degree) «(degree)
12 0.628 0.400 -1.198 0.047 -0.047 -0.010
13 0.635 0.374 -1.189 0.063 -0.027 0.028
14 0.652 0.381 -1.148 0.038 0.000 0.024
15 0.685 0.398 -1.163 -0.045 -0.006 0.074
16 0.028 0.417 -1.223 -0.130 0.054 0.094
17 0.684 0:407 -1.272 -0.019 0.000 0.052
18 0.691 0.380 -1.293 0.054 0.006 0.009
19 0.750 0.387 -1.288 -0.107 -0.058 0.006
20 0.773 0.361 -1.353 0.000 -0.004 0.036
21 0.818 0.349 -1.374 0.000 0.000 -0.005
22 0.879 0.349 -1.423 0.000 0.000 -0.011
23 0.919 0.366 -1.420 -0.008 -0.011 -0.006
24 0.930 0.371 -1.481 0.000 0.000 -0.007
25 0.935 0.327 -1.517 0.074 -0.045 0.034
26 0.946 0.359 -1.497 0.064 -0.088 0.002
27 0.978 0.340 -1.472 0.061 -0.017 0.021
28 0.984 0.337 -1.474 0.084 0.003 0.000
29 0.953 0.337 -1.454 0.011 -0.050 0.060
30 0.947 0.279 -1.501 -0.005 0.087 0.018
31 0.945 0.171 -1.518 0.385 -0.053 0.083
32 0.936 0.246 -1.497 0.135 -0.017 0.115
33 0.863 0.305 -1.559 -0.017 -0.004 0.043
34 0.854 0.295 -1.588 0.067 0.004 0.064
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35 0.809 0.281 -1.601 -0.052 -0.016 0.010
36 0.731 0.199 -1.686 -0.049 -0.006 0.158
37 0.713 0.238 -1.717 -0.027 -0.015 0.018
38 0.727 0.200 -1.733 -0.022 0.004 0.023
39 0.451 0.098 -1.925 -0.043 0.339 -0.090
40 0.383 0.070 -2.061 -0.040 0.031 0.071
41 0.346 0.073 -2.147 -0.116 0.073 0.054
42 0.381 0.901 -2.219 -0.229 -0.036 -0.036
43 0.315 0.112 -2.324 -0.290 0.065 0.071
44 0.344 0.070 -2.381 -0.120 0.058 0.123
45 0.217 0.070 -2.424 0.238 0.008 0.198
46 0.200 0.067 -2.357 0.505 0.024 0.116
47 0.311 0.230 -2.420 0.062 0.008 0.120
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% 5-10 ~ & Yk R G B AR R

12 1.415 0.080 0.002 0.000 0.332 0.000 0.825 0.021
13 1.445 0.071 0.003 0.000 0.150 0.000 0.823 0.018
14 1.362 0.075 0.000 0.000 -0.016 -0.001 0.593 0.020
15 1.405 0.101 0.003 0.000 0.010 -0.003 0.784 0.036
16 1.284 0.044 0.000 0.000 1.073 0.000 0.438 0.008
17 1.506 0.079 0.004 0.000 0.412 0.000 0.925 0.022
18 1.529 0.077 0.001 0.000 0.239 -0.001 0.843 0.022
19 1.610 0.089 0.002 0.000 0.329 0.007 0.956 0.027
20 1.652 0.106 0.003 0.000 -0.127 -0.001 0.710 0.035
21 1.702 0.097 0.001 0.000 -0.096 0.000 0.810 0.032
22 1.745 0.097 0.002 0.000 -0.399 -0.001 0.826 0.031
23 1.805 0.090 0.007 0.000 0.189 0.001 1.080 0.028
24 1.817 0.095 0.006 0.000 0.165 0.000 1.114 0.030
25 1.859 0.092 0.001 0.000 0.139 0.000 0.993 0.028
26 1.816 0.086 0.001 0.000 0.382 0.000 1.135 0.025
27 1.778 0.077 0.003 0.000 0.329 0.000 1.081 0.022
28 1.851 0.100 0.012 0.000 -0.341 0.000 0.928 0.034
29 1.840 0.087 0.004 0.000 -0.164 0.000 1.035 0.026
30 2.502 0.733 0.001 0.000 0.162 0.003 1.116 0.181
31 2.403 0.671 0.001 0.000 0.151 0.004 1.097 0.148
32 1.861 0.099 0.005 0.000 -0.359 -0.001 0.931 0.032
33 2.481 0.820 0.000 0.000 0.303 -0.001 1.104 0.227
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34 1.899 0.103 0.001 0.000 -0.065 0.000 0.913 0.036
35 2.493 0.738 0.001 0.000 0.417 -0.002 1.060 0.172
36 2.412 0.706 0.004 0.000 1.124 -0.001 0.954 0.170
37 2.485 0.747 0.000 0.000 0.936 0.001 1.065 0.174
38 1.931 0.106 0.001 0.000 0.511 0.002 1.099 0.038
39 2.924 0.958 0.000 0.000 0.726 0.001 1.194 0.309
40 2.161 0.109 0.006 0.000 0.396 -0.001 1.106 0.042
41 2.255 0.099 0.001 0.000 0.230 -0.001 1.136 0.046
42 2.481 0.100 0.006 0.000 0.348 0.000 1.145 0.041
43 3.215 0.870 0.004 0.000 0.817 0.009 1.343 0.237
44 2.484 0.069 0.000 0.000 1.542 0.000 1.214 0.015
45 3.426 0.984 0.000 0.000 0.998 0.001 1.427 0.321
46 3.121 0.928 0.000 0.000 0.208 -0.002 1.026 0.289
47 2.500 0.101 0.001 0.000 0.043 0.000 0.883 0.036
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£ 1.017 0.295 0.719 0.228
dX
&1 0.102 0.000 0.025 0.043
& % 0.460 0.073 0.293 0.114
dy
&1 0.096 0.003 0.024 0.043
E & 2.469 1.159 -1.634 0.401
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2éw 281
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