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Similarity analysis of three-dimensional point cloud

based on eigenvector of subspace

Hu Xiaotong, Wang Jiandong

(College of Computer of Science & Technology, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: This paper presents a method of similarity analysis algorithm of the three -dimensional point
cloud, which is based on eigenvector of the subspace. First of all, the three -dimensional point cloud data
of two objects were obtained and positions of them were standardized. And then, the two three -
dimensional point clouds were divided into several subspace by using the minimal spatial segmentation
algorithm. Thirdly, the eigenvector of subspace were calculated, which should be divided into two steps:
the first step was to calculate distance and angle from the centroid to the subspace surface, the next step
was to compute the new eigenvector on the basis of vector space, which was composed of the distance
and angle in step one. This research method took the advantage of small data in quantity and high
precision in calculation because the eigenvector of subspace, which can describe the three -dimensional
characteristics as the basis of similarity measure. The experiment shows that the algorithm can
quantitatively analyze the similarity of two three-dimensional objects.

Key words: similarity; 3-D point clouds; center of mass; feature vector

75 B #1.2013-08-22; f&1iT B #1.2013-09-19
ELWA . HXK A KR 54 (61063035)
EEB N B (1971-), 5 W4, #l #ob2 , 28 N F R 66 G A0 B MLE L5 B = 4 T A 4R O E B Y,

Email:huxt@tust.edu.cn



% 4 WmBFE AT FEMBF LG T =45 A5 H 1317
T — Sl R B, P A SR R B
0 51 B R 455 SR AR 15 3] 1 = 4 4 25 T RE A — e L

B 2 W H P E S A B AS B i ) = 4 A
L H R IO A5 Bk B PR E | AT B R 0l R A A A
2N N A E B R AN S AR L QP e T B AR TR TN
H R B A A I R T B E R R
ik GRBSE T PR T R E, Y
PR 5 H X BT 58 2O — A BB T R A BF 5T 4
29

FHT, =4e9 R30S X aF 5 — i 46 DL R
=AND5 RN (1) B TR el L] Y 5 R BT
(2) F&T ML AL B D7 IR T T 5 (3) 2k TR AR T FiC
BT AR Horb 2R T AR AR DT B B 7 vk B 1
PR AEL 3, NI 8 A W5 3. 275 SCRR( 1]
B T = ZE R OIR B 23 AR AL DS Y 22 IE X T
VIR AR T A R A 2H R R B e S T R gF 26
RO REE I SRS AT REZ /Y A LA IERC , H
SCHGIT R T RR B0 AR e B O S R IR
Ko 275 3CHR (2] $2 Hh 22 RF ik il J7 7k X = 4 Y
HEATRRAE A A | 32 A0 8 R B PR R AL R B R AR A
SYERRFAE , R TR R AR T 5 A X = 4 AT = K
HEAT WAL BE TR AR PR AT AR AR AR, S B0 A
EP

UL, SCHRAR T — kT A ] AR )
= R BT R . BT, AT A bR i
e, IR 725 18] 23 FE 2 3 = el = OB s+
Fas ) FeU, TS B B A A 1 S ) A AU T
ER RIS B S (R L DS DN | Bt SR (R
F14 i) gt 2 ) SR AR R AR i R R 8 A O R A ) R T
B =AY R AR L

1 %S mirnEWL

1.1 =4 S=MIKRE

XH SR LA — P EEE R,
S BT 22 i B R R T AR A A [ 9 7 4R
0 7 A 1 T RS, 3 e RO TR R R 2 T £
D7 22, R AR B PR = 4 LA {5 8 A 7 ik L BT L
EIVALN R R eI W Sl = o I A N 9
SEO A, SO R S E ML BE H AR LA #2 fil =X 4K B
SHEIRR) M A

TR A /D Sk B R R A s R AT 1] R IR
SO, SO R R T KT 4 1Y i K 2 MR
K RBRIXLEI T, S, R B HR AR A A S R E
SCK—3T 4B (k A BE B A p B BRAE BE B e T 19 A5) o
U, A SUR A ik 23 350 A B Al b T = 2 b
k—d tree , R mIAP KRR R E SALE — 50 k
AR, R T % R S AR A 45 R BE B O T
P RAE, 20 1 2 (8 A T e R R R E %
SR R, T LA ERR
1.2 fERER

T HEAT R AL 2 A, A B TR AR AT
z A — B T R, SO R Y O 9 R B Il — A
= YRR AR X = AT T, R S = A A
P 2R D R e R T, I D2 T ) i 1
N B HE AT AR T

h T A R TR AN AN ] = A AR R A R A AR AL
R I TC 00 M7 i 0 = 4k i B LA A R R R 28
A HEAT AL AR BE e VR RE ST, AR 6 e = Y A
A T AL AR 28 PCA 12 5575 21 32 Al o3, 8 BUHRR E {8 fx
A=A T2 I A BT B0 A A 2R AR JBUAG A AR
¥ A B E A9 AR bR R R, A5 BIRE Y AR AL AR R Y T AT
LY

2 ZHSZHNFZEESE

BT %7 15 3 T = 4k 5w 0 R R AE s ()
HEATAHMUEE 5, MR =S s B hE T
a3 18], B 5 8 7 2 1) B R AE ) AR S JR SRR AE | AL
HERRAE 0] 5 25 ], T 2% SCER[3-6, 101 A B 5T, K
TR Y s E A S, AR
AP Bk, |eRET =4 B R/
HEAT R KL 8, SRS T4 0 A T H
0 A5 2 i HE — s R 4k 22 4y ), LAk B AR08 1 — 4
S4pihm il G A FE BTSN E4E N s XA,
R 5 4 {5 B8 7 N B SRR AR, SRR TR AR 1)
I ERE,

21 BEHEHESE

BEA A BB B A bR O, BRI x Ly 2 Bl nY B

KAE M /ME, 43 51H5E x oy 2 i B e KA S B



1318 41 9 15 8k TAE

% 43 %

AME 2 IR IC a b oo PR SEE 5N ab.c 1Y
KRS =i i =, B WY x oy oz IR A K
T KAl n 5553 U1E, JFE A 8= 3 A BAE B 5
25 A, I EEAS T 243 [0 502 P9 B s U R — A bR il
] K/NHERE o SCrb Ry Al I KONVEE)E
22 FREIEEMER

XFEAFEMANITA NS a,i=1,2, -k it
B dsge=(a+a)!2, HE duae M ays T3 3 zoy
A (Y BE ES dist, Y dist KT BAE 8 BB AT
5 VR 25 () 45 43 R A 25 i), R I &, Y
dist /NFBI{H & B 4% 1k Fa M8 R B8 ik
HUR, HERA S BRI 2 8L a2 KRNF
23 (8] N D 1k, DTG 98 B 25 T4 A 1 2B A, L o
BIAE 5, & fH B /N, 73 FIIE B F 25 (0] 2 | Fr 4
AR P Je AR A AL BOKS i

3 @R AHBIEmETE

T e AT 0 A — 2R AR 1] A AR 4
W0 T AR AE | R AE 1) 08 4 4 Ml R e S
(49 R AR R AE L e, SCH R = R T 44 1 42 ) o
O 5 53 BV ) F 23 8] B A 6L B OC R AR ik = 4
T AR AR AR AE (4 R AIE 1) &5 O HL R ff i 4 = 4k
FAEBWNB R =, I 2040045 il ) i £ &
KEIT R 0] 5
3.1 FZEMMEMNE

A, AL T L S T R R s O R AR 1]
A TR . SCrh R B/ 3 vk il X A
T BN S =T EE, BB FEE AN =4
WE MR KA p={p1, Pore.ow) . PEPsoPioPi) s N H A
A X T Bk g5 e BBl R p,, 2B Rl T Dy R
LN z=f(x,y) o R 1 RETE i TH 205 v D 3 7 53 Bk R
By 28, R ] 22 00 =X ek B Oy ik R B iR 22 A
PR z=ay+ay  x+as- y+a,- xy+as- xX>+aq+y*,i=1,2, -t
XH z KRG TFE MG R, & FR
WA, 3 — A4 il A A T
WY R Bl
32 &R/ 5 E EE AT E

OIS R i T e el ST R s T N R 4 T
LT A 21 T i) e O B 5 R B /0N R B 1 P (R AR
SUE R R R T SR Y 4 R BTG m=(m,,

m,,m.) ,m.m, m. 539K A S S xy .z
{B o TS50 B F 45 e S0 i T A SR K
e /N B Horh /IR RS R i 4 (D) IR SRS R
A ) He A X (2), W A @) b ey F o 7e
Xz A RS R, A5 E Ay B A B ST AT A
XA RE R TR AR x y 2 [RABA R ()
B doo TR B ME . RIS d,, JERZ
A SR AT 40 A i T T R R

dminz\/(x—mx)2 +(y—m_‘, )2 +(z—m, )2

z[=a1+a2'X+613')’+a4’x}’+as‘xz+ao‘)‘z

(D

F:(x—mx)z+(y—m),)2+(Z—mz)2+)\(z,-—a]—a2-x—a3-y—
ay  Xy—ds* X*—ag* y*) (2)

33 RoEFZAkBRZENITE

FEARBUT Ji 0 8] F 25 1) B B p9 36 a5 BT E
JoT O B 25 ) 2Z [6) 0 ff BE AR R, DT A R 4 R 2
(] 57 B G 28 1 50 B RRAE ) it 7 G, B 3 [H] Y B0
YERE L, IR =40 IR B ik g a0 5 5 25 8] 5
O E e VR R D 5 Fas s, 5% M
AR ZAEAE N R IR 1) & . J et A TR =
e 5w L e N m=f(x,y.z),i=1,2,-,t, IR FH %%
TR =Y 5= B0 m RS T BB BTG m, 25 T
R L=(m, —x,m, —y,m —y) . TJaid m G — 4%
TF S BE L, XESRTLOFER LS LB
R SR LA N ot =(les * D) (1111, oy €
(0,1) o B3 A TR 1Y Je 42 5% 8 8 R BT B 7 28
[F] BT %k 17 1 S £ A% 5% A
34 BEREMNENITE

M 3.2 F1 3.3 15 AT 3R A5 0] & 25 1] (o disy) , i=1,2,
ot KO D X R 2 R m B B BE RN w=(i-1)/m it
) A AE A A o<aee<on FRIEHEES =
1,2,--,mo XX BRS-GBSk b H e KRR
Al d5e /N B d=Max (dis;) , dyin=Min (dis;) ,j=1,2, -+,
&, AX AR B A W &R B A A A B, RS T
BRKEE S R/DEENEMER dimdu—du, 5
N s B, wae=dgss (i=1)/s,i=1,2,++,5, HWR, GiHHE
B A YA RBUA 0= (plwas<dis<Wain) , £, N5
RS TR EH R, BB wa XN T 585 5
N dyer=(di+dyt---+dy)/0;, VB EEES 5 e KB B 1Y L
R dyor=dyer/duax o T VT T4 F 25 [0 LAY,



% 48

W BE AT F TR T =45 XM 0E5H 1319

A A5 DA Y (8 R AE 1) R o=ty o+ 10 BT L2
TR 4 BRI — 4 R AE 1) e 3 T 40 B RO 2 8,
T A5 A B 5 BT 5 I A BN T o 1 020 40 i
X S T AR RLRE TH AR B SE ), 51T REAE ) R iR Y
BUE 1), Hob AU iR w,=[01/0 4, 0/0 o1,
0 :=0+0,+---,

U, BT AR mes 4 00RRAE 1) R OA = 4R
M G ARARAE b RRAE ) a0 B — A 4 R AR
T BRI RRAE . T, O S s
(R T AR R A e 5 5 - s 2 SRR AE ) B S E) L O R
mes AEFRAE 1) 423 () b 9 2R A 1) o () Y O A% AR
R A = Y 2 AR B R

4 HUEITE

XTERESEN D 2 a iR, 20l 72
(8] 730, HEAE 1) AR IS BT R AR ff) R b

W HERRY RS XA A SRR
AL Q HEATAHLE T35

TEARAG B = 4k i = FRAE 1) B p BE Atk B SCrh 4R
5% HR B R 3 B Ok i ) 4L A 1] ) 1) O B8 i, O
ZAEAE R P =2 50 2 8] R AR R AR AR ARLEE

H T AR AR 1] A 4 IR L T RE B 00 AR A Y
R o A B TR R RRIE R B L, R,
S I AAE 4 ARG R AIE ] RE i IR S B AY L
38 DT B2 e AR B0 T B3 AR ORG B R 7R Ut
TA 4% 52 AR B0 BE T 55 ok BE AN TR A B A A AR L1
Hovp, AU(E A 2 BT B T P A = 4 R AL X R AR A
[] 2t (Y BAEL 9 P S 08, = 4 A L Y AR B0 1 T 5
v (1

N p

’
_ L PR/ B _
Hw-m Il = 1w’ Il
’
W 'drall.dratl-'—w draLZ dral2+“
\/wd m 1+wd at 2 \/wd tl+wd +”'

A w=max(w, ,w',),i=1,2, ,w, \wdﬁ}%"]j'ﬂ n, M,
JIE X R BCME ) e, 24 A (RO, USRIk
PR (VN5 N 11| I =

5 % W

TR R R LR Al AT, TR T I 1~4

7 R 4 ARSI AR AL EE

P 1 =4 m B a
Fig.1 Model a of point cloud

M2 =4k i A b
Fig.2 Model b of point cloud

3 =i atimd c

Fig.3 Model ¢ of point cloud

B4 =4 s iR d
Fig.4 Model d of point cloud

SRR FR =R bR L R, S4ERT a b,
c.d AT 15 B =4 5L = 0 ECE 4 0 187 51,156 25,
176 49 158 69, 1 JcHF 2.1 T H Y n (EHL 8, FI AT 4
iJ/zE_ILM&:éﬁ»Ez:&/E\%@EIEGWiB Ii1] 43 51 B
512 4 FHe, B ok& ZSE A EE SRS A
=AM T MJ/\éﬁﬁ%aanb 252 121,131 .82,2.2



1320 41 9 15 8k TAE

% 43 %

A & 1 O S &S B e KBS e/ METT
R I Z EM M2 —, R ERSE B S R
b= 12, RIEHET a b.c.dizgH 3.1.3.2.3.3
T 5145 3] 252 121 131,82 X I £ A iE 2 AY 1H
X 3.4 5P m A s PEATOE M WRAE, Bk R LA
B 2 =Y SR, SR — AL g —
W m M s BHUE S0 3 F 5, 5 45058 5
5,8 ALE 5> Bk 7 A5 5 DU AL 43 9
5,5 FHAE S5 A 11 R 5, fe e i 13X SRR AE AR
FAE e T 53 79 A5 80 g A fBLBE

S — R AR a AR b AR AE A [F Y B m A
s B E I, FRAT Y AH AR BE AR AR A B8R AR fBLEE Y S 58
ZER,mE 1 PR,

1R 5EEBDPWHEUELRMLEER

Tab.1 Similarity result between model a and model b

Model P Mode Q Number of eigenvalues Similarity
Model a Model b 15 90.5%
Model a Model b 25 89.6%
Model a Model b 35 87.3%
Model a Model b 45 85.1%
Model a Model b 55 85.2%
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Tab.1 Similarity result between model b and model ¢

Number of
Model P Model Q Jumbero Similarity
eigenvalues
Model b Model ¢ 15 98.4%
Model b Model ¢ 25 96.2%
Model b Model ¢ 35 94.6%
Model b Model ¢ 45 94.4%
Model b Model ¢ 55 94.7%
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Tab.3 Similarity result between model b and model d

Model P Model Q Number of eigenvalues  Similarity
Model b Model d 15 31.2%
Model b Model d 25 29.4%
Model b Model d 35 29.6%
Model b Model d 45 29.1%
Model b Model d 55 29.0%
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