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Abstract Existing point cloud registration algorithms cannot solve problems of variable scale and registration
accuracy of point cloud models simultaneously. Hence, this paper proposes a two-stage variable scale point cloud
model registration algorithm. In the first stage of the algorithm, a dynamic scale factor is added to approximately
estimate and adjust the scale of the target point cloud model. Spatial rotation transformation is then performed at
three angles to divide the grid points, and the grid point spacing is set to 30°. This improves the convergence speed
of the algorithm and prevents a local optimum, thus providing a good initial position for the second stage of
registration. The second stage is optimized based on a scale iterative closest point (SICP) algorithm to match the
point cloud model more precisely. A comprehensive comparison experiment is performed on different registration
algorithms, and the experimental results show that in the case where there is a large rigid body transformation

between two point cloud models and the scales are significantly different, the proposed algorithm has an order of
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Fig. 1 Flow chart of proposed algorithm

2.1 F—MEHEERAE

BEMMREL RS P SisP={p,},
i=1,2,, N, HFFERHES =, X=1{x,}.j=1,
2, N, NEWBSA =, i N, flN, 730l FmR &
=P 5X Ty, E LHEHHF R=R, XR, X
R..H'PW R, R, .R. 75K

J 1 0 0
R,=1|0 cosa, —sina,

0 sina, cos a,

[ cosa, 0 sina,
R,=| 0 10
|—sina, 0 cosa,
[cosa, —sina., O Y
R.= |sin a, cos a. 0
L0 0 1
e,y o BINTREE ML .
D A5t E s PR X BB IR ICAE p,
n.:
:pr . :*Zx (2
/i*l »1'
2) WS PR X h A E R uaﬁﬂﬁ%ﬂﬂxﬁ
BiE 15

N,
d(ﬂ/,yp):z H”p_py sz

N,

d(ul,X)—Z I, —x, II%, (3)
3) X ROBE X [a] it *ﬁlﬂ%mﬁ 5
s=d(u, P)/d(u,.X), 4

4 LA 30 A IR B AR KX R, (R, (R, AT HE
R 1B

5) SRAF 15 22 B /N SR A SR A DA 4 /N A
S DL R A A
2.2 FEMEBMEE

[F] ICP 57k —#f, SCHR [ 16 ] BT £ SICP %kl
S — T JRy 3 I vfE Bk L 7E SICP B3k A SEal 1 X 4

RS HETE— ST, S P 5X W
PN 22 6 B 3 ol SR
Mﬁ:E:Z),(piil"/))(pz*y’p)T ( )
. E 5
M, :2]\: (x;, —p)(x;, —p)’

KXrpM, MM, BRAEAE 5300 A, >4, >4, Al
/13>/12>/11,X¢ﬂj5/‘3f%?ﬁfﬂ§%7]” m;.m,.m, *ﬂ
qsq,q, ELO S W6 A B OE 32, SCHER[ 16 ] 3k B
VIR e B R . TR
PR S b 4 S ) R 2 AR e R A5 D O
] b X — AWEL’T?Z:IE]$IFE/J SRR AR )
Z IR TC O B AT N T R 32 A AR 5y 1]
() IR AR AL 2 35 1 AR Y A8 e R E . DR b 4R 1 28
A AT LI b R A AR FRR AIE 1] 380K SRAE 5 B i O A7
RE 71 fie Y ik 1] it — 5 2 P 5 22 E B 1 R AR 1) o
I H XA FFAE 1] 1 O/ A7 1915 5 5 02 X B 09
fiE{EL

VL dE P R, i

[‘IL% 'y "11][”1%”"2 N

I B KA A5 A, X

201503-3



Wt 5ot T o R

N RRAE ] i omy omy, R = AN EEH T myom,
o F R 4 RO T 2, B 2, 5 e om,
A8 L 0% [0 B 05 77 40 2 1 HR0E 15 . R B
SCRRCT8-10 T4 th 97 b« BA T T 5 25 19 ) o A
SRy 2 4 T 2, SEAT R L S X 4 I
DTSR 5 2, SR IOV B RS B R=[q. .. -
2 J0m,om, 2, ) R TR M R p, —
WIRRIER T | S [= 20 Ju /A, /3.

ARLBMT,

DA LR 7 i 0 8 B (R T il R
T S 4 B e >0,

2RI Z X W THEC.C' 585 P M
AR JEEL AT LR FBR B8 e (O /D,

)
@ =D 8 R'p, +T —¢c, |I*, (6
i=1

N

it':,j: C; 6 chk :{cf> ;:plo
3 FEfRE Ct BT AR CF LR 1R
e/e E-i/J\E/‘J Sk+] \Tk+l 5 Rk+1 3

N,
=218 Rp, +T—ct ", (7

i=1
4) RIFRZEME
w=1—["" R, T, 8" /" (R", T",§") ],
®
5) & w NT T B E e U R 5
WAL R (R.T,S)=(R"" ., T, 8", &4

(@
0.151
0.10
0.05

-0.05
-0.10
-0.15

0.2

0.05
0 —0
005005 %

P2 LAY 2 HOAh T i b ) TE 45

F=k+1,8EEE 1,
3 LK E

3.1 #7118 Bunny S = AL IR

kT 384 B PR B B, 2 T B T X A s A
e o RS FIORS B A A 00 o o S 0 B LA 5 0k e L SR
J Stanford K42 ML) Bunny =48 S =88 . %
15 B S & 7E Matlab2018a JRAS | 5 45 /K I 4% kb 31
% 15-8300H F1 GTX1050 ¥ B F5E iy, b T %
TIE T 2 5 15 7 A D o5 2 RS R RUBE | T M NS B T TR Y
HOR X Bunny 8088 #E 47 B SR AR, 54 2 — A [ E 51
B 2 B AR O FR FCUME 25 2 Bunny_1(3188),
mE 2.3 s = R, Z a6 REE S &
Bunny_1(3188) #E47 K A BE e % T ek 2 548 H
Fr iz Bunny 2(3188), W&l 2.3 HLL 68 i = I
55 N I B0 R 6 0L A 2 00 TP i B, R TV A
2 Bunny 1(3188) fljie# 180° /55 8 0y HAn & =
Bunny_2(3188) MG RE WK 2() iR . SRJEH
ICP 51 (SICP 53k V55 — By B o it -+ ICP, BT $2 5%
PAEATECUE . R T 50 B B R A s B RS
AbF A% b B TS ME B A RCME, il 3 Ca) TR,
Bunny_1(3188) A FFECLHE £ = » HAR A = Bunny_2
(3188) Jit s 135° JF #EAT X 1L,

ICP 539238 4 48 W0 A1 = 8] S5 30 19 %) 7 A, 3
AR AR A e 2 80, AE e i AR o i AR s
BCHE (40 e 1 B SRR 24 L I SOt A R RO T R R

0.04

0
®_0.02
-0.04
-0.06

0.05
~ _—0.05

0
¢ 00572005 @ O

. (RS Z (b)) ICP ¥k ; (o) SICP &

(D — B BERCUE+ICP 835 5 (o) T4 3k

Fig. 2 Registration result when geometric parameter is at the lattice point. (a) Original point cloud; (b) ICP algorithm;

(c) SICP algorithm; (d) first stage registration+ ICP algorithm; (e) proposed algorithm
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Fig. 3 Registration result when geometric parameter is not at the lattice point. (a) Original point cloud;

(b) ICP algorithm; (c) SICP algorithm; (d) first stage registration+ICP algorithm; (e) proposed algorithm
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Table 1 Registration error and relative scale error of Bunny point cloud data
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Registration Relative scale

Algorithm
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Fig. 4 Butterfly model data collection. (a) Butterfly model in kind; (b) butterfly point cloud data
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Fig. 5 Registration result when geometric parameter is at the lattice point. (a) Original point cloud;

(b) ICP algorithm; (c) SICP algorithm; (d) first stage registration+ ICP algorithm; (e) proposed algorithm
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Fig. 6 Registration result when geometric parameter is not at

the lattice point. (a) Original point cloud;

(b) ICP algorithm; (c) SICP algorithm; (d) first stage registration+ICP algorithm; (e) proposed algorithm
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