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Abstract An algorithm for point cloud registration in multidirectional affine transformation with variance
compensation is proposed based on the statistical characteristics and shape features of point clouds, in which the
problem for solving the unknown scaling factors is transformed into the problem for solving matrix eigenvalues by
the overdetermined nonlinear equations, and the least square method is used for the unbiased estimation of noise
variance by the quadric surface fitting. The similarity of the global vector features of point clouds is introduced, and
the true value of the scaling factor is calculated by maximizing the similarity. The point cloud registration in multi-
directional affine transformation is transformed into the rigid registration, and then the point cloud is registered with
the main direction method. The simulation results show that the proposed algorithm has higher accuracy and smaller
time consumption compared with the other existing registration algorithms when the point cloud is randomly lost or
registered with noise.
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3 KHBM RMSE

Table 3 RMSE for different algorithms mm
Point cloud Algorithm in Ref. [4] ICP Scale-ICP CPD MARVC
Bunny 14.5430 9.2450 3.6550 0.1160 1.1030X10°*
Horse 39.3240 38.8230 10.9120 107.4520 3.1610x107*
P4 255 Uk B )
Table 4 Registration time for different algorithms s
Point cloud Algorithm in Ref. [4] 1ICp Scale-ICP CPD MARVC
Bunny 2.3290 1187.5130 24.3850 208.6340 2.8120
Horse 3.3590 502.6340 27.3530 434.2230 0.8770

M 3 AT LU L BT X IX 2 22 1) 1 AR e
J R, BT 4R MARVC B 5 5& , ity )5
MR 2 (RMSE) JLF#F 0. A b Aih 55 2%, JE Wi
P CPD B354 B 2345 B i TE RO S (R W)
WG AT A WIERIGAE ., £ 4 BoR, BT
I AR L ICP B3k T 3 AR A0 A e e . i A B A
T Scale-ICP Bk ARG T 1CP 53 1 e 85
TOL PR AFL B DT R AT R LA R, T 4 T v TR B
THFE B B (8] S5 25, JLT- 7 3 s LAY AT DAoH 380 s i o
S
4.3 BENBLKBIENRHEREER

T — A M RS MR R AR T AR SR 3.2
Y FE A b X B S B IS I A5 G 10 %6 1 Bl AL
FR o T A A5 2 X A T L SCHR 4 v
(7 2 AN 58 F Pt ax B - Scale-ICP 57 3% .
CPD % ¥ 5 fr 42 MARVC 5 2 347 % e FLA» B
MR BEBENLE R 10 26 B SR A AR = 0 E 7
BCRINE 6 s,

@ ®)

(©
Kl 6 FERENLE RS ME w5 2B &0 T R F & %
X = B RS E SR, (a) Scale-ICP; (b) CPD;
(¢) MARVC

Fig. 6 Registration effects of point clouds for different

algorithms under random loss and multi-
directional affine transformation. (a) Scale-ICP;

(b) CPD; (¢) MARVC
MK 6 7T A &I . Scale-ICP B3k B AR5 A —14
1 5 R F AR AE X 28 £ ) )7 559 728 e A i o [m) I
FEAREE  IENIE R CPD Bk 78 X Bunny & = )
JiE o v = A T Y AR L T X Horse £z 19 E 7E
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R it MARVC 5332 5% i 28 B die s B AL %
SN OURY 2 BCHE ) BB SR 35 Y EL A S0 Y T
HERCR .
BEHL Z 26 B RIS 2% A4 TC T 5 1% 1) TG VR
U35 5 B, R (] 3 FEAR DL ANER 6 Bw .
%5 BHLE RO 4R 431 19 RMSE
Table 5 RMSE for different algorithms after random

loss of data points mm
Point cloud 1CP Scale-1CP CPD MARVC
Bunny 8.0910 8.0910 0.3080 0.0302
Horse 38.8170 11.3050 2.1010 0.0763

6 LT B A A5 Bk T e 1)

Table 6 Registration time for different algorithms

after random loss of data points s
Point cloud 1ICP Scale-ICP CPD MARVC
Bunny 949.7260 31.7890 191.8430 1.3710
Horse 420.9660 103.7960 363.9730 3.2760

& 5.6 7T LUF H : BEAL 2 2R 5 H0dl s s, o
$& MARVC 53 B9 liE 1 RMSE 23 37 K, (HE A 1
T A JUFP 53 AR 228K 2 e /N Y I ELBC o 3k
T o T R 1 B R ATD SR R R A T

44 BHEFRETHEHE

S 3.2 WIS DL T A = A 20 dB
4 755 0T 1 R 9 HLE S = B AL E 2R 10 %0 B 15
BRGNS s AT RCHE  BCHERCR A 7 R R
TR RS PR R M RE A A S B B R
g 10% A 20% M A R IR A = 2 #) 15 dB.
20 dB.25 dB i 37 M A T 0 I G 9 BT T R 04 15 [R]
DL RBEHE R RMSE., ¥ fif # MARVC 5k 5 1CP
B9 Scale-1CP B3 F1 CPD Bk E A7 MR RE X [b L &5
R 7.8 s,

g T AE T F ST BT MARVC 353 40 T 9 ¢
fig, X HLZA HAE 10 % A 20 %6 Y Bl L 25 2% e 191 4% 1
IR A 15,20 Fi 25 dB T R TR A S B
BEREXT LT BLAE R . TR 7 AR HE R I, BT iR AR
AR Z 10 05 5 DA B T PR PR 85 T 1 IC 7 38 O A i 22
/N, HR CPD BiL e E R RMSE FT #5809k 102 22
AR (U 7 ASHE & B CPD B8k c o nT fiE 25 51
S IR AE . R, AR 8 T LLE Hh r 4 55
B AT T I RE 1 B ) e 2K T I = 2Rk LR
BRCR 5 BT BETE Bunny F1 Horse M4l Ml =
WA AP T Hom =2

@ ®)

© @

B 7 TEBENLE R s = M 2 ) 5 51 B e J R L AN R B0 00 2 20 dB BEALIE 75 19 i = I C HERBOR
(a) ICP; (b) Scale-ICP; (¢) CPD; (d) MARVC
Fig. 7 Registration effects of point clouds with 20 dB random noise for different algorithms under random loss and

multi-directional affine transformation. (a) ICP; (b) Scale-ICP; (c) CPD; (d) MARVC

5 SR

Shy 3 TE T i B v A S B 4 4 B i A Rk
TE 5286 5F & 4 Intel core i5 2.5GHz CPU,.8 GBI AF
B HL T A FH Matlab 2016a X545 3 JE 47 58 31E .
KIS HANDYSCAN 300 ff #5 28 06 31 4
SO = 20 1 AT TR IROAS () 1) B30 R 2 7 BE B 4K

f Vxelements 1 5 H 8cdls . HFCRER =4 Y
N & 8 P, A A Er#E MARVC 53V ICP &
1% . Scale-ICP 895 DL K CPD B vk AT e E )= . 45 4
B A LS R SR 9 R,

ML 8 AT LA S 451 4 1 4 4 R C 14 s 0 4% 1 3
A1 B, & BT HE MARVC 8325 1 52 g 9% A3 %50 %
SEBR A A s PEAT O L 39 HhC I IS 1Y) S 50 8K
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Table 7 RMSE for different algorithms under different interference environments

mm
Proportion of lost points 10% 20%
Signal-to-noise ratio 15 dB 20 dB 25 dB 15 dB 20 dB 25 dB
ICP 0.9852 0.9460 0.9371 0.9886 0.9808 1.005
Scale-ICP 1.4010 1.5680 1.6530 1.5020 1.6020 1.6670
Bunny CPD 0.4449 0.2958 0.3768 0.3990 0.3561 0.3141
MARVC 0.3976 0.2366 0.1414 0.3952 0.2398 0.2104
1ICP 5.5390 5.2670 5.1220 23.3880 9.7710 9.2740
Scale-ICP 6.1890 4.8690 9.4320 18.5440 9.5680 9.1640
Horse CPD 5.7380 4.5980 3.2550 5.4770 3.4740 3.5850
MARVC 4.6890 3.2150 2.1490 4.7420 2.6170 2.1290
8 N[E T PRI T 45 5k i I v e )
Table 8 Registration time for different algorithms under different interference environments s
Proportion of lost points 10% 20%
Signal-to-noise ratio 15 dB 20 dB 25 dB 15 dB 20 dB 25 dB
ICP 1023.0880 918.7300 914.6390 830.3700 779.6490 846.3800
B Scale-ICP 31.0410 20.2570 17.1920 31.8360 17.3670 17.8140
unny
CPD 182.9190 204.9210 210.1450 170.3430 170.8650 171.7440
MARVC 3.4680 3.3600 4.3160 4.1900 7.5390 4.8620
1CP 470.2290 428.7340 510.2460 747.7910 232.7110 412.3490
q Scale-ICP 45.0120 35.2130 84.9230 56.1270 44.2320 62.5230
ome CPD 397.9310 192.1960 716.1470 405.0180 102.9340 297.3500
MARVC 1.8410 1.7860 1.7430 1.4060 2.4450 1.5570

|
=

®) (©

K8 AR BOE R AT R R S TR A B BUE S RCERCR . () ZHPR (DB (o) MARVC 5L R ERCR

Fig. 8 Actual objects scanned by portable laser scanner, obtained data, and registration effects. (a) Three groups
of objects; (b) obtained data; (c) registration effects by MARVC algorithm
PET LUE 78 40 B S BR A = Iy MARVC 583 1 —E B A R
I 5] 2% 48 AT BE A — A AT L (ER T AR BB A 52 Wi = s .
MRS HE . W I, MARVC BCHESS 19 RMSE L/, 6 = e
T[] 42 b U I AE T 48 5 s B X I IS R R W

A7 AE 26 16 5 S 78 B T4 09 4 25 HE A 1L T

AAER) UL T P Rk AE SChr i S it h Bede S0 ok 7 2 5 S A8 40 T 09 il 5 RO E T )
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Table 9 Registration effects of three groups of objects for different algorithms
Object No. Parameter MARVC ICP Scale-ICP CPD
) RMSE /mm 0.5974 2.4375 3.8148 0.7934
Object 1 .
Time /s 5.773 634.755 6.608 64.099
RMSE /mm 0.5724 7.4200 7.4088 3.1088
Object 2 ) ~
Time /s 4.835 446.558 4,632 47.154
RMSE /mm 0.6431 8.9753 9.4262 0.6919
Object 3 .
Time /s 6.703 827.352 16.724 242.237

TE M 22 7 S A8 4 SR AR O ) CRE AL 2% 2R ) DL &
BT e s R A S O T e T T MARVC, SCiik
CATFF #8515 L ICP LA % Scale-ICP 4855 ¥ 1y 5 = i
i G NS Ml I 1 B A N 1 TR S
MARVC 5k £ X 1 2 e o [ AN {3 RE 95 1 2 iy
S8 B HE , I HLE 04 /N L RMSE FEE /D (1
B e B ] A . ECEBEE g T s Bl %K
B AT 4 5 038 M L U MARVC B33kt mT LK
ICP Fig Z el ik iy 1CP B o 530 J8 2 £ 1) 15 5
o WBECHE D FE R AN [R) B 5 O [R) RS 460 UL i
& - B N M E .
frdt MARVC B0 ] TR % i e % H iR
BISMAR S = B — bt THae T, S XA
ZAAFAE TS 43 & 1 S R C o A5 B AT — 2 I B 5
B, B A A Newton A 45 58 12 18k
B AR i 0 B IR B2 B BF 58K £ 4 /0 i 26 AR A
LB W 5 i 1R R S, DR T B 0 Fa i v A
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