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Abstract

The accuracy of 3d laser tunnel point cloud registration directly affects the reliability of tunnel
deformation analysis. The point cloud registration accuracy largely depends on the initial point
cloud attitude. To obtain a better initial point cloud attitude, the advantages and disadvantages
of different global registration algorithms are analyzed, and the rough registration results of dif-
ferent global registration algorithms applied to the tunnel point cloud model are obtained through
experiments. According to the experimental results, the global registration algorithm (FGR) is
close to the traditional global registration algorithm (RANSAC) in terms of registration accuracy,
and is better than the classical RANSAC algorithm in terms of algorithm time robustness, indicat-
ing that the FRG algorithm is more suitable for the initial attitude registration of tunnel point
cloud data.
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1. 5|8

— BB R (Three-Dimensional Laser Scanning) A& — 0k B 85 i I B A L AR = FBE . B0
HiACE S ) H bR ENY R TR SEOE, WERRSHE R, BRSSP S 3 B A i 2k i
(1) =4k 5 = HfE (Point Cloud). FiFE = 4EROGHAR BRI K R, HAEREIE TARE o i B R RBk )72, AT H
TREE R IZ 0 FEEEE AT SRR T, TREE TSR R ENS%.

E=HEBOCHERBHEAR N TR ER, 2 G A 52 ma i Sk B ) B 2R AR 2 —[ 1] ma%
PElCHE, BIF-RIE &2 (Source Point Cloud)5 B #% £ 2 (Target Point Cloud)[H] [ e #% F1-F-#2 48 # . Besk [2]
SRR PR s (Tterative Closest Point, ICP) A2 55 2 4 FC 1H AT i o B9 I 5005, 1CP SR %A%
J5R PR PR T A 2 2 TR B — B R AR T H AR R B A . BB AR R Bk e LA ICP B AR
B bR — MR, R ARG LSS T S BN R BB E R . KL, AT
IR LA A R RS 5200 T S m B AT KR

HAT, EWNIMTT4 R R LR R n] 4 AW BT 3 A et T — 8RR, T
SE S AE T VAR U5 T, Bustos Z5[3140471 7% T BnB BCHERIRRCR M BB &R, I T — s B
A AT PR VPG B S SR T E R AT T R  Yang S [4]3 K Go-1CP BEFI FH A 4MZ BnB
AR AT B AR IR AU EIR AR, AR A R4 R S U0 PR B RIS 3 v 7 BRI ReR s 2019 4,
Rusinkiewicz Z¢[SIAFRH T —FhdE T ICP EAHINIFRIE HARHi 2 s A,  Rets 0T HC v 25 Rk AT PR PEA
T & T UST SS0E F

FERH — B o8 R BIRCHE T VAT L7 T, AT 5 25 SR AR A 4k 5 DC I SR — B0 O 21 1 T 4 JE
G4 TARKLEE . BT AN R S 22l AR 2 X SR I H s s IR AR & B2, DR T 75 SR FH 4 =R
FE—8 M (Random Sample Consensus, RANSAC) [6]1ZF B & ik “ b ” ThRE R By BREs IRUCHD, A5
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HHERE . Chen Z5[7]F 1998 i 78 RANSAC LR H T =4k i mficed, 3T RANSAC A =L
T B IV R AT R, RIUELE N B i o B & LU 26 1F R 758 mT DASRAS A i) L HE 2
o X FIXRA R LA FEN 5, O il BLE T 530 LT R R 4 i A DT o

HET, 0 TR B 70 CBORNIR N, (BT BRI 52 55 K B B R R e vk (R IR NP 9T 2 /b
o O TEZE SRR B AN B 45 SRR AR K, WAL TR R HE I R AP &5 R nTHe. B, HRCHEREA
TEFSIE p O HER S, ELARYS H o WA v S AR R IR

AR SCEE X B AR SCEE R A R R i T4 5 R, R IR R T AN [ B R 2 AR Dy S
Kl G PR AT SRS, 19 E T RRIE s LA R, v SO R TR R E TR
IR AT T 1 R AF R

2. RolE
2.1. BEEOEMSTELR

T REE B 545 WETE . AR HEPHSE Z R BEATRSETHERRE R, AR
1R BETE N = s B AFAE — B E R . o FU AR B3Rk — N5 1 7% FIE B 1 I AR B (Rigid
Transformation), {515 A [F] i) B 1 25 2 20080 172 [a) 67 B 22 S e /M

BT B FREVTAC 1 2 2 FeE 7 72— M rT 43 42 R L #E(Globol  Registration) FUFE L #E(Refine Regis-
tration) il . 4 JRECHE B 78 3R18 — NRUF 1 46 4 &5 (Initial Transformation), f#i753 H Az i = S5 & 8%
(] 2R BB LA o RS BCE L 4 R EC v B 3 s ARG B2, BRERAS BUUF IR HESS S, (RS
BCHE 75 B AR L SAE NN S EL . VIR RS2 S AR K Hh 52 m 1 ORS BCHE IR0, R 58 B ) e v B
VAN il i A RO SR I R A BT AR IS, PR PR R T S B AR PR PR T AR
2.2. REESMETT

Bk (Normals) & S AR A () B BRAE 2 —, W FRCHE S S B A+ EERE L. W T4AE
(2 () b T, 38 DE A8 T st e o) ke v h S b — A SR . i R A U2 H AR R R
SER —H S F SRR A, HERM OGN LRI

THE B AR RALTEL I B AR A

1) TR TR SR A — A p, (i =1,2,---,n) » T8I 4B 4248 R (Radius-Search) 45
KNN %% (k-Nearest-Neighbors) i HUEL AT 35k Py AT 41 5 48

p; € Nbhd {p;} (i=1,2,3,---,n)
2) B4R S o,
1j<k
0, = ;jzopj
3) i FH 32 B4 43 #7 Ji B (Principal-Components-Analysis, PCA)K &3 77 256 FE cov:

covzl Z (P;_Oi)'<p.i _Oi)T

pjerhd{p,-}

covev, =2;-v,,je{0,1,2}

Ko, kN p AN EE AN cov KOS M, v, M D7 SERERERO 58 j ARG 1 B
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2.3. FPFH R =ik F

TR T 25 8T ARIRN & sSE R T ) Z ) & A FLOG 2R, DA B KRR JE b 221 e 0 2 00408 ) )4 b
KA, HRMIR 5= TLTRAE.

Rusu %6[8]T 1995 442 T FPFH fid ¥, IR T XHE— B ARAT G i i 21 AR B 1 1% i S FL4R
BN R A T TR PR SR, RS B R g AL bR B AR AR HE AR R e
() EAT HE R AN AL B8, FPFH I8 FUH N R 18] 1 Brs o REAE i 4 2 1] 1) AR 3 4 38 ST 4R 30 P % i 1

R TR .
o
pl3
Figure 1. FPFH descriptor calculation diagram
1. FPFH ##id ¥t HE
FPFH H) 5 J7E T -

D) X TARNAEP TR p, p, s KIS RIERNEL n, < 0, MREE T RGEEERT p, S HFRA p,» L
TRV R ) B2 5V R IR I AR AN B SR RUR R, FE DL ST AR AR
Pi> nl.-(pj—pi)ﬁnj-(pl.—pj)
pS:
P ni'(pj_pi)>nj '(pi_pj)

2) # BIR T RR A p, AR IR AL, M 2 BRASAR R, Hdw, v, ow BITFE TR WNT
P — Py

U=n,v=ux

Ref, n A p, MR

v=[pp,J*u

W=uxv

Figure 2. FPFH local coordinate system
[ 2. FPFH /B4R 5

3) WRAEE 2 PRI R, ORI p,~ p, o KEXIBIEREL n o 0, RT3 A FPEH $FIE:
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a=v-n,

f(x)z ¢:u_pz;ps

0 =arctan (w-n ,u-n,)

4) LA p, MFHEE T, TBEKITHE 5 (p,, p, ) I RLII(a,d,¢,0 YRHER B 5 B3R . %)
(a,$,0) 4 NMFAERIBUE AT IX FRISY, BRI m AN X TR, 64 B 7 B R 2 5 m® A3 X
B, SR E XA AN, BISE R PRH RREE T B, HF,  a,¢,0 FoRBIN AR 815
L HEUESE-1 21 Z 8.

3. £REEHR

H#l, RANSAC DL P 4 J5 e ik 5772 (Fast-Global-Registration, FGR) 4 Ja it #E 592 7 £ 3t 7 ¥
A O R R E R R s s, AT R RS TN S B AR, DU RN ISR SR, X EE
RANSAC DA A FGR BCHERCE S ECAERG L, DR BUR AR B . FRIE S A B A IR AE B 1 s

Table 1. Experimental cloud model information
F 1. IRRTZREER

Jevay Rt TR s TRALEE 5 ik HHH
1# 64431 14125 3.31
11 #A 17569 9431 4.14
11T 3] 21404 14283 4.18

“'WW“ b
?\_
£

Figure 3. Phase II cloud data
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Figure 4. Phase III cloud data
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K3 A 4 9 TR SLES ) Z HARSTE S s A, T THARRTE IR 2R, AR Y BRI H
R T HERCR T 2 R B, 20RCHEE AR K T30, RIAEXS s = V) g A7 TR BRI, 5Bt 1
BEEAR AL R 7, AORER T B AR .

TS50 3 W m m8dm g, 1S SR EBON AR, Y6 R, FEOOBTE TR, &
JAE A, HARAGEI A BT IEE B RBOR, Mm% R 1 S, ERREE O EE 4, B
AW E EIEBAERAL, VRS T R E BRI T ) & 22 (e 5, T 3 Al s AR F i I BR 3 A
TIEXETE, BEERIAEZBER, AR AR DGR W R AU, R s R .

St 3 MR TG, WKEMRSERARSA S, R sERBEREZS, 2P
BOvE R AT IO S5, PRBUEE AR I . SRR SR B Ho b B b R d i RV E AT T I AT
RAE, FECIERS EE A DU IR AR AT L &

1) H#FrE 4 (Fitness)

HRE S E R AT — B AR BCHERS B85, FORIECAESS RO i — 3 A P S B S Bir i s
SRR, HREA RS, ECHESS SO R

2) ¥R IR Z(RMSE)

Bl — 2% 554 (Sets of correspondence) 14 iR R 7%, AT

z;(% B Ai)2
n

X, n =B RO AR,y NONBCHE S RO R R IREE RS, g, 2 1] b [ K PR B 1 S A . )
JrRRARZE N, U A 45 TR e

FIH IR BEIE s A BTS2 58, R B AR E A FE 3807 AR AR 22 0 B v 45 BTV, SeB i R

1) 5256 1 Skt seng

BT T R = A BEE 1 AR VR AT I R ) sl = B8, SO LR AIE S C it E A 5 4
BE L TS S Z R, LI IR P A BCHE BV AEIR S = 5 B bS s = R IE A FE BRI 1 B HE 2
B R . ARSI LT M N AR S, T A RS =, 70585 RANSAC SR s 4
JRBCTE SR AT AR, A = L HER I .

SEIGEE R AT E S FE 6 B, B HERR A ) 8IES, U A0 ) st

RMSE =

Figure 5. RANSAC algorithm distribution results—Experiment I
[ 5. RANSAC BUABLEL R—3K00 |
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Figure 6. FGR algorithm distribution results—Experiment I
[ 6. FGR BIABLELER—KI |

FBCHERS B2, DLISRIUR LS. BB R s B A B0 T

Table 2. Global dispute experiment I
F2. 2REESE I

P P e 7 i P 5 1R . (m) FHIE(s) HbrE & B AR 2
| FGR 0.05 0.602 21.3% 0.0373
RANSAC 9.736 KK KM
) FGR 0.05 0.602 29.9% 0.0367
RANSAC 7.809 KM M
5 FGR 0.05 0.555 16.6% 0.0382
RANSAC 8.631 0.333% 0.0325
A FGR 0.05 0.586 322% 0.037
RANSAC 9.667 KIK K
S FGR 0.05 0.617 35.5% 0.0366
RANSAC 8.354 0.323% 0.0372
. FGR 0.05 0.57 19.2% 0.0364
RANSAC 7.771 0.344% 0.0385

32 AR AR L AE S0 45 5, ISR T T 43 A - PO 4 R L A e I 0.555 s, B K IR 0.617
s; RANSAC Bt 7.771 s, B 9.763 s; “HAEFIEME LIVFA M ERNERE, H®
WA R VA RIA SR L BT RANSAC Hik,

MNTCHERE FE 7 TH 0 B PR 4 R L AE VA I3 BEARE A BN 0.258, P IRIRZE N 0.037;
RANSAC 5EMPY BARE SN 0.00259, P RIRZEN 0.0354; PR 4 & ELHE R AT RS &
% RANSAC kAL .

MEERRMETE AT RS S5 B R o 2 R BRI ISR T, s 4 R BC ik LA e 08 3R A
HEIECHELS R, VRS B AR R s e A SEIL T ORBUIR 55 RANSAC BEAE 6 R RIS 40 e i sk
B RICT 2k, BOHESE SRR E K E, MUOEVEARRE N b AR PO HE R AL T RANSAC Hik.

2) SEG I BVEAS X b Seig:

AU R ) 1 1T s = BN A J5 (I RE TG T T A aRA, 3 20l AL B S m s R T
MEWI & R, R T2 R, R RANSAC HiksR s 4 5 e dE Rk, T ie ks R LA+
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Figure 7. RANSAC algorithm distribution results—Experiment II

[& 7. RANSAC BB ELE R

S| |

Figure 8. FGR algorithm distribution results—Experiment II

[ 8. FGR BiARL ELER—LW 11
Table 3. Global dispute experiment 11
3. &EEAEXE I
e [[RGIRPS R 9 0 E (m) FA(s) HARE &R B RZE
X FGR 0.05 0.617 98.4% 0.022
RANSAC 8.311 11.4% 0.032
5 FGR 0.05 0.648 98.3% 0.023
RANSAC 8.204 11.4% 0.032
3 FGR 0.05 0.648 98.4% 0.022
RANSAC 8.327 11.4% 0.032
A FGR 0.05 0.639 98.3% 0.022
RANSAC 8.296 11.4% 0.031
5 FGR 0.05 0.602 97.9% 0.024
RANSAC 8.352 11.3% 0.032
FGR 0.624 98.2% 0.024
6 RANSAC 0.05 8.148 11.5% 0.031
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3 ONARTCHESLES I e gE B R AR TR, MFIESBRE T, 4SS5 B S s R
FRUEW) & B i, DU 4 R Fo v 570 5 RANSAC SE# A R m M BCE %, 2 IR EE SR g1
BoviE4s Bl L F 52 4 — 8. X FREFER T S, FGR H PN 0.629 s, RANSAC 53 (1714 F i)
ML E] 8273 s, —HEFEHN FRAAFHEHES: M TRAERKENS, MEEERET, FGR HIEN
HFRE 4 FEIA E) 98.4%, RANSAC HikAU N 11.5%, H FGR 5k A HE S B2 7 i % 2t i Z KT
RANSAC 5%,

XN RANSAC HE A2 5 T BEALRAFE R AR B, HHRAE AR TF B H 1 22 11y A 0 o 5 i
HAR B BRI BT, R SA R EE 9 R 7E i 48 sl DU R = (] B BRCRE S, T
TERPEAS i (B RS A 2 ) IR PR e R B LU R RO & 7, SO KR IR, fEEMFRE b, X
WATAFIEACHIRE B2 A1

AHEL . FGR HIELE AR R APAT Bl s & if), af LA K& A ), X538 FGR HIATERL#E
WE LIt RANSAC 53%, [FINF, FGR SLVEXTAFAESS /> B & (1) i = R T AU B R BT HE R
BCVERG B2, X BEERY T LU VF 2 30 7 S R R I dE AT I G & /e, @i X fir X, FGR BIELER
HERR (P SO HEAS B BT DASRAS BT (R B

LE LR, A REHEEE TR R I . FIEFER BUR RS FE DT I #R L T RANSAC Hik, &k
TRPLE % (Fast Global Registration) 24 Ja Be #E 532 FH T 3K B AR (0] 46 22 245 BE Inod A T P ol TR
ZMECHEZ
4. &g

BT =40t ER I E S s B, 8 s TR AR B SRR, 8 AN R 4 R L HE S s
AR ATECHE, DUREFR . BARE A BRI TR R ZAE R HIWARAE, 76 ST S =W 4h A B HE 1) A4
T, BRLLT4R:

1) fESEEHERT 5T : FGR BCHE SIS A0 HN 0.555 s, KR 0.617 s; RANSAC P # 5k & 4i
i 7.771s, FKHIR 9.763 s; FGR Hik(EFERS J7 TH B 248 T RANSAC 5ik.

2) fEEERMENE T : FGR BCHEBEIELE S PR A NI ReRCHER DY, 1T RANSAC HYETE 6 L
AESZIG PSR 2 Yk, BOvESE B E Sk B, FGR Bk fEfafg v )y i 9 B4 T RANSAC ik,

3) XFECERSEIN S, MEESRMET, FGR Bk Bz E &L T] 98.4%, RANSAC HIE{UN
11.5%, H FGR ByEFTRHELAELS R A5 7 iR 2 B KT RANSAC Bk,

KRICA R ZAAETAE T ARt A3 U AR ERS, 0 T RETE s 2 R e S 78 T I & ok
M T FE, TEIE W Hh R I 4 SR LA T BE 1 = 4 ORI R R T R R

=
rh AR A B A m B U R I H (2019-EK-08-03)
SE 3k
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