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Registration of Multi-View Point Sets Based on

Point-to-Plane Measurement

MA Jieying, TIAN Xuan, ZHAI Qing, WANG Cheng

(School of Software Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Most of the existing multi-view point set registration methods based on point-to-point
measurement cannot obtain the accurate overlap of the individual points due to the discretization
of object surface, resulting in the problems of slow convergence and low registration accuracy.
To solve this problem, this paper proposed a multi-view point set registration method based on
point-to-plane measurement. To achieve the multi-view registration, the proposed method uses
the stepwise refinement strategy to break down the multi-view registration problem into several
point-to-plane pair-wise registration problems. In the pair-wise registration process, first of all, a
new objective function is given which uses the point-to-plane error to replace the point-to-point
distance error; Secondly, an effective normal vector transformation strategy is proposed to reduce
the times of solving the plane normal vector in each iteration of the multi-view point set registra-
tion. Then, in the process of solving the objective function, the linear least square method is used
to approximate the nonlinear optimization problem, so as to minimize the point-to-plane error.
Finally, the proposed method is tested on Stanford data sets, and the experimental results show

that: compared with four other multi-view registration methods, the proposed method reduces
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the rotation error by more than 38. 9% in terms of different data sets, and the translation error by

more than 16. 6%, thus effectively achieving accurate and reliable multi-view point sets registra-

tion.

Keywords: multi-view registration; point-to-plane; linear least squares; normal vector
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Fig. 1 Point-to-plane error between similar surfaces
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Fig. 2 The stepwise refinement framework of the multi-view registration based on point-to-plane measurement

http: // zkxb. xjtu. edu. cn




124 [ . ]

Ko

R

Eird i 56 %

ASFEAEAE X =02 A0 LA SCREAE AR X O A9 47 AiE
R R0 Mo M. BHEIET . YRR
ANEF S DA g B CEAR DRy LY TR Y T A B R A
AL AR A A T 6] — P b, FEBCRFRAEAE A
DA Ao X IO BR R A 1) 22 5 1) b B8040 A B
BURL MBS SUTE ne o 7 1) B RS e . R,
AR B A R S BT A BN R A A X I ()RR AR
)i s CY 3G A RS J7 ) B =m0 BRI
B ISP T Y 5 1) A mg DA R G2 R Y R AR L
BE
TE AT P A Bl Ak B - Tk e S AR R
WA ARY o] ) X3 ) 2t R A7 T 2 e 4tk 1% 3] 42 Ry A
WERTHIASEmRES
N = (Rn, )"\ (9)
TESEATHS b B TAE @ WA = B R, AR 58
BELR Q AWML R F R NI =N\
(RS, b (T e d T 2 Bk I A
EAEAS B0 T T AL B 3 ) g OO AR DG A T
SRR ENZ WS Z ISR ey o DL T R R
RERY T A A 0 Jmy 1 T ) AR
N =N, U (R}
22 ETRIEEENERERERAE
M 2 W] LR s 2 00 Ff 05 2 e 1 7 ik Y O
TET WA= P SHUBSE R Q. 2 [8] (1 XA A i i
(IR, 25 Py i MR AR 4 Z 80 (R, L ¢ AT LLGE 2 5K
fift a0 T H b R R 15 2

(10)

M

J arg min Z(w,,_,((R,P,., ot — Gy i)

Rt €Q T2
s.t. (RDTR, = I,,det(R,) =1
(1)
NG T R B WP AR e 0GR TR G oE 2 HGE
R A~ 44 I S e B
O, = t(L;,sti,st;, IR s Bisy) =
t(t sty sty DR.(Y)DR,(B)OR, (a) (12)
K F R, (@) R, (B) R.(y) 4B HI 58 « Bl .y %l .2
e e AR N B A E @BV
H A5 s B DA BT E 2 — A fie/ D itk i)
B HFE @i B Vit tiy 13X 6 S5 BVAT
56 WOZ )RR I DL AL SR fif . SR T ao B Ly 2
TER FE I R AR St = A R B S 80, A e 87 BR b
I A /N R R R L B AR . YA
ey A\ T 2Z T 189 A X 7 1) 28 AR AR N B, BT DL H] 2 i
/N3 I R Lt Ak )

http: // zkxb. xjtu. edu. cn

Y 9~0°mt, Bl LAfd A 3T LE sind=~0 L & cosf
~1. 1Bl EEUGEE B 0, i, R, BAHXT J5
AR ARAR /N s R AT LUK @, FHT RN R

O, = t(t;, 1,1, IR Bs 7)) =
I —v B ot
Vi 1 —a; ti.,
—B a1
0 0 0 1
i @, U @, 5, B skl LIF B £n K

(13
L.

M

M,
@f = arg@minz (wi,j ( (@fﬂf)i,] — G ) )nm,p %)
; im1

(14

W2 fie /N 3R 1) A AT LA 5 SVD 43 1
kR, HEEBEMNE R Ly WTHEARRE—
AR R R . F K OF BIRA O
2.3 #iEE;

TESE i WA = 5 AN SE AL Q 22 ] kA7 XU A
PEfE AR S E I ES B (R 6)) (&R TP L &
DYSSLECE 3 QPR S RIS JIBE A Sl
TERREWE
FE L RS0 H A7 PR FEAE A 2 22 8] A9 A
WESES
(@)= ~argmin [ R F =g

(15)
6 25060 T B B /B AT I
S 2 I/ IR T B P T B A I
& IR IYIR I M5 P,

(&.P.) =argmin > [ R 'p,, +1) —
e P‘eyfk—l
Qe 13/C1 Py | &5 (16)

FE|3 ML 2 PRI AN KR RMEA
F bR B (LD TR W (AR AR e 2 (R, 1)

M

{ arg min E(w,,j((R;P,,, +t _q[»(,',j>)nru.;>>2)
R’.f’vL[L(hJ)eQ’jzl
s.t. (RDTR, = I,,det(R,) =1
7
A
JO’ [)ivj % PEk
wi,j =
1. P, ep,
BEARIAT VA 3 BRI £ ik B i
JeiE MY BE K ol WA A8 3 4 B G B AR AR, /Y
AT NI L E S50
F(15) & 48 & e il o 7], ] DAl RS 1 A-d

(18)




i

s

1#

H

% 6 34 !

LA BT RURI IR 10 2 A A5 T HE T i 125

PP 1 2R Dy vk i e 1% T 2 B AR B R AT
MRS LL SRR R . AT AR 4 = (16) 153 3 & [ 43
L DA R R 5 J5 0 B s o AR SRR B bR iR g (1D
A s geci.jy Al nw.pﬁﬁ*ﬁﬁ]%%%l s FEARAS 5589 X RE
KRG N B AT B2 5 A0 A % 1) i DU /D
AIZMT AL = 5 AN 58 B ASE Y 1) A5 3 THD R 2%

T S B R 2 A ELE A AR AR
BN S B (P Y WIESE 0, = (R ]}
. RS Bl @= (R, .t}

HRAE 2 (8) T3 Hh s Ak~ T 72 o 4
R 4l 2K (6) 44 3 KL A A5E 7
Do while

v=v+1;

for i=2:N

P 1 AN SE BB Q, AL rp g ab ik 1 AR N

FIH Qi BT k-d B

Do while

k=k+1;
WA B H IR Py Qi ) s

HRE 2 (16) X 41 = AT 8L 5T 5

fe /b B Ar R B (L7 158 58T WA 728 J
M @ ;

Until #<<K = @} JtH w251k ;

TR P=Q U {Rip,, +ei))" FRH 5 R

Wk EES N' =N U{Rn, )",

end for
Until v<C100 o fic 1R 22 /N F i
2.4 SFESH

MAERGE N A S ED B M, EE
JERy G T T b R e F AR 3R AR
T T W, BWis o BRI K. T
FARHEAT ZH T AU R A L) K T B Y
e E Y Y OM,)  F AT N K. 78 5
L FL R AT 5 S 1 AN 58 BRI Bt
AN 8 B AL AR S T L R R
O(M,) , [] B 75 B Ry AN 58 FE B A of (1) g5 EE ST e-d B
DI 4 2R AN 5¢ B B R o 5 ) By M =M —
M, BE 3B H OM 1gM’) . 16 B i = i f i, 3%
T e d WE5H R IZ W = 5 H s sl 87 50X %
ROEZE N OMIgM’) BRI 25 16 B E 17 5 =
B IR OUgM) o Al WA AR e 52 = 2 R
OM,) . 785 2= T 58 UG - 7 218 E W IR Y
FERE AR TR DL R vk [ o 4, S [R] 42 2% FE 39 O (ML),
K1 T 2000 8 s BCE AR BT R E AR,

http: // zkxb. xjtu. edu. cn

31 4tAMAEZRAEFTEHERE

Table 1 Complexity analysis of multi-view registration
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Table 2 Comparison results of different pair-wise registration methods
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Fig. 3 Comparison of relative runtime of different

pair-wise registration methods
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Fig. 5 Multi-view registration results in the form of cross-section
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Table 4 Comparison of runtimes of different multi-view methods 4% s
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Table 5 Comparison of registration results under low Gaussian noise (SNR=50 dB)
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Table 6 Comparison of registration results under high Gaussian noise (SNR=25 dB)
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Fig. 6 Scene reconstruction results of different methods
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