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Auto-registration method of ground based building point clouds based on
line features and iterative closest point algorithm

XU Jingzhong', WANG Jiarong
(School of Remote Sensing and Information Engineering, Wuhan University, Wuhan Hubei 430079, China)

Abstract: To overcome the shortcoming that the Iterative Closest Point (ICP) algorithm is easy to fall into local
optimum, an auto-registration method of ground based building point clouds based on line features and ICP algorithm was
proposed. Firstly, the plane segmentation was performed on point clouds based on normal consistency. Secondly, the
outlines of point clusters were extracted by alpha-shape algorithm, and the feature line segments were obtained by the
splitting and fitting process. Then, the feature line pairs were taken as the registration primitives, and the angle and distance
between line pairs were used as similarity measures for same-name feature matching in order to achieve the coarse registration
of building cloud points. Finally, with the coarse registration result as the initial value, the ICP algorithm was used to realize
the fine registration of building point clouds. Two sets of partially overlapping building point clouds were used to carry out the
experiments. The experimental results show that the proposed coarse-to-fine registration method can effectively improve the

dependency of ICP algorithm on initial value and realize the effective registration of partially overlapping building point

clouds.
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Fig. 1 Schematic diagram of redundant line

segment merging
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Fig. 2 Schematic diagram of registration
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Tab. 1 Statistical information of point clouds
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Fig. 4 Plane segmentation results of cloud points

—_— — e

" =T

T iﬁwu‘h‘

= T

et G
' N ﬂ\#l‘ H\
=T ol

(a) Bl g | BOR AR AR (b) BifE | Eéﬁ&ﬁt%éﬁﬁﬁ

alnla

f
yﬁfu

d r\ (b 7 I—F\"\ ‘ A “fb

== \ﬁ:%J]/
@hﬂ BT g \ﬁ\

My — ff_?\'« PN

J@_ﬁ%_@ﬁ ﬁ\” 3 Fﬂ WM{M
(o) Byn g 32 mU IR U B 2B (d) Bt dE T H A& Bt )
&5 RHIEZR BRI A R
Fig. 5 Extraction results of feature line segments
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Tab. 2 Statistics of extraction and matching results of

feature line segments
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Fig. 6 Registration results of point clouds
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Fig. 7 Part sectional drawings of registration results

H T PRy B R BE KA SO IR HE S R S5 24
SLICPRVEE R IEAT X LM o ol T A EAE 4R 24 3 o3
&, M ICP BN RRILS RN EMAL & . A SCLLTFag e
EAVE R ICP BCHESS A 2 IR, S0 A 28 34 1CP 5332 LA B AR S
D7 P BCHESS S, T Ge vt e v 25 SR %ok o7 i 22 () ) e R B g 15
2% SR B iR 22 UL K 7 MR 1R 22 (Root Mean Square Error,
RMSE). RMSEE=CATF

RMSE:\/idf/g (6)

Horp: g RN SRR R AR SO 1 T Bl o G R A X R A
FRHE s

H A EERZEG A 45 2 3 s . N3 L
F il 2 1CP RIAELESE B S F TAME A Bk 25 R LA
KAR 2% IR T HOE S T, RMSE 355 0. 245 m, X T-58
YT S N, 28 ICP By M L e SR TR (K 57
WA SOy 2 e 5 2 ML TCP Sk 25 AR LL B vEAS B2 T W)
A R, A B B ) ST R 2243 4 0. 042 m A1 0. 044 m,
FEUAFLFHRRIE PR iR S T T4 e WA R ECHE R AR 2
) &5 SRLRG B A 24 5 TR AIE A HEL T o R S 1CP T ME 2 IE A 2L
WP B B2 ICP A e Ra e 1

R3 REBERESTHN BfI:m
Tab. 3 Statistics and analysis of registration errors of
point clouds unit:m

Jrik BedE  oRiR2E PR RMSE
I 0.223 0.107 0.116
2 WL ICP W
1 0.415 0.221 0.245
I 0. 149 0. 042 0.051
ATy
1 0. 163 0. 044 0.053

A R LS A5 BRI U S ZE AR (ILE 4)
ALK R, R S R T, B 4 T R T AR4E I {3 —
1 RMSE #H 24, 435314 0. 051 m F10. 053 m, 43 3 R H 5 =



% 6 P E A

TRAFIERERRIEEF

EW A E E QRS 1841

TRV H 5 I FE A 0. 96 1% 411 2. 7947 , Fe W 44 25 Bl kS JEE AN
5 R BB, 02 B i 1S XN, i 2 5 B
ey, HL AR LR, TS SR A R SR P

3 %iE

ML FUY) AL s RS T AR B A5 2 A
W) = YRS BA B S AR SCAE T S PR Y

Senh b ARGEOCH A AR R T — P T AR E S 1ICP

SR MR S R A TCHE TV o 2O T S A P

Sy EIREERE b, 38 1 B LA I LA K 4y B4 A b B, 75 3 50

YA & R IELE S8 DU SR L HE RS TT , AR 4 42 B

SJe £ T B A AR ARU P 0 R S I A 2 A DR, £ G R 1)

JHICP 33 52 WU SR i < A B o o 300 3 94 20 5 St il

TR RAE , S0 45 R R B, T LRI At HL RS 19 5 2 iC

{7 V5 RE A5 1CP B398 X a5 5 WIE B AR, 48 a1l 2 7T LA e iR

ICP B LB X0 88 43 8 XU = 5 B AR R e AL I AN 2, 42

e RCHET IR ENE . R — 2B AT S0ORE AR e W A R

FR 2 IR D TE 7 T, DA AR A D 3 0 2 R A B A, 2 iy 3

JE.

S Z X #k (References)

(1] PAEEES, MU, B, 55 . BE TR IR 125 o] 4k A s 2 IE v 125
[J]. M22im 4 ,2019(8) : 48-53. (SUNP Q, BUJZ, TAOTY, et
al. Point cloud registration algorithm based on feature point method
vector [ J]. Bulletin of Surveying and Mapping, 2019(8) :48-53. )

[2] WANG Z, BRENNER C. Point based registration of terrestrial laser
data using intensity and geometry features [J]. The International
Archives of Photogrammetry, Remote Sensing and Spatial Informa-
tion Sciences, 2008, 37(Pt B5): 583-589.

(3] BRIRZL, BRIRSC, MIEE, 45 . BT Plicker HZKAY LIDAR 53 =i
WL [T]. 224 47,2016,45(1) : 58-64. (SHENG Q H, CHEN S
W, LIU J F, etal. LIDAR point cloud registration based on Pliicker
line [J]. Acta Geodaetica et Cartographica Sinica, 2016, 45(1) :
58-64. )

[4] WL, FEARE, 5. ot kA e I R T Y B A SRS TS v
[J]. 385 K., 2018,33(2) :40-45. (YANG F, TANG W Z, WU
H. Automatic registration of point clouds based on improved itera-
tive closet point algorithm [J]. Remote Sensing Information, 2018,
33(2): 40-45.)

[5] JAARH, 2205, Ap0gne . =48 s ICP B et pEoe [T ). 11541
ARG %IE,2011,21(8):75-77,81. (ZHOU C Y, LI Y, ZOU Z
R. Three-dimensional cloud ICP algorithm improvement [J]. Com-
puter Technology and Development, 2011, 21(8): 75-77, 81.)

[6] DUS, ZHENG N, YING S, et al. Affine iterative closest point algo-
rithm for point set registration [J]. Pattern Recognition Letters,
2010, 31(9): 791-799.

[7] RRKIT, RZEAEEERE, . SE T IUOT AR e 20 m 59 Li-
dar gz BCIE DT i ()], 4B S R2 24 (AR BLZ /) , 2019, 24
(5) :393-400. (SHEN C J, WU Y D, CAI G R, et al. Multiple
views Lidar point cloud registration for buildings based on quaterni-
on constraint [ J]. Journal of Jimei University (Natural Science Edi-
tion), 2019, 24(5) : 393-400. )

(8] MXBIE, BEE, RV, 55 . A RAE— B AN A R s S 1
ZEE D D). WOGAAE 2019, 40(10) : 45-50. (ZHAO M F,
HUANG Z, SONG T, et al. Point cloud registration method based

on sample consensus initial alignment and iterative closest point al-

gorithm [J]. Laser Journal, 2019, 40(10): 45-50. )

[9] GRESSIN A, MALLET C, DEMANTKE J, et al. Towards 3D
LiDAR point cloud registration improvement using optimal neighbor-
hood knowledge [J]. ISPRS Journal of Photogrammetry and Remote
Sensing, 2013, 79: 240-251.

[10] AIGER D, MITRA N J, COHEN-OR D. 4-points congruent sets
for robust pairwise surface registration [J]. ACM Transactions on
Graphics, 2008, 27(3): 1-10.

[11] JAW J-J, CHUANG T-Y. Registration of ground-based LiDAR
point clouds by means of 3D line features [J]. Journal of the Chi-
nese Institute of Engineers, 2008, 31(6): 1031-1045.

[12] EAK¥E, ik, xlatete, 45 ﬁiflﬂ(ﬁﬂ%ﬂi?ﬁ?ﬂbuﬁ(#k
i LiIDAR i 2 BLfE gy (0] DUR 2 23R (fF B R0
2013,38(9):1057-1062. (WANG Y B, YANG H C, LIU Y H, et
al. Linear-feature-constrained registration of LiDAR point cloud
via quaternion [J]. Geomatics and Information Science of Wuhan
University, 2013, 38(9): 1057-1062. )

[13] JHFERR ARG, ZERZE . FEHLIMARE— B0k P i 05 K HIE
FELI) ST S50 L 2011,47(7) :177-179, 182. (ZHOU
CL, ZHU H H, LI X J. Research and application of robust plane
fitting algorithm with RANSAC [7]. Computer Engineering and
Applications, 2011, 47(7):177-179, 182. )

[14] HFi, BULT . 5T PCAFREAYHLE LIDAR 5 - 1M 73 155
BWFFELT]. ST B, 2018(1) :41-44,51. (YELJ, YAN Y Q.
Research on plane segmentation algorithm based on PCA algorithm
from airborne LiDAR point cloud data [J]. Urban Geotechnical In-
vestigation and Surveying, 2018(1): 41-44, 51. )

[15] BREL, 5Kk, koA . oReas X S 4EHOCH 1 8 2 Bds A 37 vk
[J]. 6224, 2013,33(8) : 117-122. (CHEN K, ZHANG D,
ZHANG Y S. Point cloud data processing method of cavity 3D la-
ser scanner [ J]. Acta Optica Sinica, 2013, 33(8): 117-122. )

[16] 258 B4, 3604, 58 i sk m i i aik 1] 351
T A5 ,2010,46(23) : 1-7. (LI B, CHENG Z Q, DANG G,
et al. Survey on normal estimation for 3D point clouds [J]. Com-
puter Engineering and Applications, 2010, 46(23):1-7. )

[17] EDELSBRUNNER H, KIRKPATRICK D G, SEIDEL R. On the
shape of a set of points in the plane [J]. IEEE Transactions on In-
formation Theory, 1983, 29(4): 551-559.

[18] VON GIOI R G, JAKUBOWICZ J, MOREL J M, et al. LSD: a
fast line segment detector with a false detection control [J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2010,
32(4): 722-732.

[19] BT, skt , B AIF, 45 . ik T U e A i) = 20k 2 [ AR D 70 46 i
BT BB AR (R R 2009, 34(10) : 1214-1217.
(ZHAOSM, GUOQY, LUO Y, etal. Quaternion-based 3D sim-
ilarity transformation algorithm [J].

Science of Wuhan University, 2009, 34(10): 1214-1217.)

Geomatics and Information

This work is partially supported by the National Natural Science
Foundation of China (41671450), the National Key Research and Devel-
opment Program of China (2018YFD1100405).

XU Jingzhong, born in 1980, Ph. D., associate professor. His re-
search interests include LiDAR data analysis, object recognition, 3D
modeling.

WANG Jiarong, born in 1994, M. S. candidate. Her research in-

terests include LiIDAR data processing, point cloud registration.



