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Multi-Range Images Integration Algorithm Based on Normal Constraint
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Engineering, Henan University of Science and Technology, Luoyang, Henan 471004, China)

Abstract; Aiming at the problem of multi-view range images integration in the process of optical
based 3D measurement and 3D modeling, a novel multi-view range images integration algorithm is
proposed based on the normal constraint principle. The normal direction filtering is applied for
each range images. The seed points are searched between two related range images. The corre-
sponding k-nearest neighborhoods in both images are searched too. The weighted sum of each &-
nearest point to seed points is calculated. The output points are the seeds which have been moved
along the normal direction. Compared with the k-mean clustering multi-view range images inte-

gration algorithm, a uniform points distributions surface can be obtained which has a smoother

and detailer feature, especially for the case with coarse registration error.

Keywords: normal constraint; multi-range images; data integration

TE = HEC 0 v s fiy T 52 8 B0 A A
A T5 7 I R A BRI R A 2 2
YR S B A 7R S B ) 5 22 22 e S i DT
PC. H T A A I 8 22 FIVC IC TR 22 283 R 1 DL P
R B MAA RS R e 224, R E 4 H]
X LR i = A RS R A i A R 3R i A7
TER AR B TCAR T LA S 2 TR L UE e P42 IR 52 W
ARG, m RS AR A SR
H LR 22 J2 00 2 il 5 B2 8 = 8 - B
WGP R A ) B TUAR » ARA DRAFRAAIE L e TR B T

ks H 5. 2008-08-02.

A,

VAR, =AM [ 3 B @R MR 7
b O < D TRl T R RN L e
TER R R N A A VAT 2 ] A
BEAPAE I 1 25 ] S A5 L A 4 5 12 0 75 25
BRI AL 3X 2 P AR A LUK 5
B IR S A7 At 25 ] o PR O A0 X DA 348 0L 7 o a0
s 7 4b 2. BPA (Ball-Pivoting Algorithm) J7
TR — R DX A K TR B L A RE A
TREA D HFEG AR REKCER T2

YEF TR BT E (1966 —) . 7 B T b A s SRR O L 55 B2 LA R, S0

H. EZRER AR E BT % 0 H (2007 AA0AZ124) s T IR R S #43- %1% BY 35 H (BE2008058).



72 WoE R

B

543 5

PN

N THAE » QIS IE ) A SR I A AT 2 A
[F] 3k 1.

VTR, HE T BB 1) A B AR A B T PRk
J& » Zhou" FER I 5 B s 2= (9 S At L, 0 358 SO0
B El , LIV IR 8l SR RG] TR
Ji 0y 5 ) O Ry 5 A5 BE S I Ml R il 5 T
ARRIE . B RCR m  (H Rl G 25 R T A0 4
A7 o 3 A 23 320 W A ) (B G A el 2 SR A
GIATANTI S PR A R MR St SCERLT 4R H T AR
B kS EE IS5 (b-means clustering) , 5 - b i
T FEAERLS S5 R S5 A R B 5T ) 8, H A = i
FATSRAFAE T AR AN SR IS , [/ I s = 30 AP
il IR

AR SCET Xo EL A W R DG 5 25 1) T 25 A8 e 4
Hoz T — Mo B R v AR [
B2 1 2 R a5 2= B R D A8 8 B A i ik 1) s il R
2 W 1z G I S A B AT 387 T ST v
6] 75 )3z 2l 7 R il . 5 A B Bl S AR L
WO BA R s = A A R S s
BEAIME RS /N (Rl 5 IR IR /N R
] T

P AT T DB KBRS 2 W25
FEAE ) 2 1 )5 R T SR AT iR A i D FC 1 152 22
e BIERR 22 AR SCT7 85 0 A AR 7E 2 iR AR
ES XK, R — SR AR AL VB Rkl
il 5 U] — A IR ST AR AR AR, ST — A/ NI
A TR Pt o 3 [ il 8 B DN 1 T A S 452
TEVIF_F AR A B0 1 B R B 0 B AT
WIETA RUIMACE SR BRGS0 IR T 2 2
Mz HAE S 2 28z Hoek iz 5 Sl N S8
FR AT R
L1 SEEmRE

ST IS R AIRZ AT 2472 SR
HERESE S5 5 BT R AR SRCR G A SCRHA]
SCHRLLO A 3k 1) B i T ¥, X T 25 78 88 pis H b 1Y
AT RBICR N (py) s WIS s B9 101

n/,-:( ) hm_,)/Ehj (D

JEN, (5

q; o ©O q;
o]

O JRIRH
O F
AEDBN

o
o]
([ p FARES °

(A g FHRES A

X AL PR )5 LRy
h_ :jf(ninj_T) ninj>T (2)
! I 0 nn; < T

Ao T 245 78 WA B2 A, JFECR 0. 75, itk
5, f=2" JREUT I ERE.
1.2 EEEXIFIRAS5MWHFAFRIC

WIRAFAE S =~ P Al — I & A # VE L () 5 =
Q. IFHWHEZ A AIMESXI. B P L—&
p: T Q Hom Y T A g W R R BT S
|| Pi—q; H <T,.l q; ﬁﬂﬂﬂi%ﬁupz Fric b

FUKIRICH AN ES SN TER S P EIRES
FWE QS MR Bl iR S H/N T EME Y s AR
WCHFF AL NE 1 FoR. My iR TES A HE
B KT IE TR 5 PO B S S RS R
B XL

R EE T WL S sz B Y VT T 1R 22
A G MR L 2 IR A = B DAL 152 22 — R AE 3D 1Y
TGN T Ty 34584 3D, Horp D 2l il = 19
¥ A,
1.3 FF 3R F R B KER

H PRI T ps 78 Q S-S N Y /N &Rk,
WREHEMN P fis B p 38 Q itk ik
ST /NGB, Y 2 2 A5 2 [ R A R T 6 T AR A1 5
F i o e SRR rP AT BE AR R —FRIE A AR AL A T
Pl X B LAY R A s AR SCR T A5 e 9B/ b 4B
BAER pi SXTNTE Q HAYAREL. H P iy p, 4k
Q PG s g H IR | po—aq: || <T1 ¥
q; 19] p; KLY n, 352 A5 B 45

¢ = p;+Up,—qn,)n, (3)

W3 2 iR s R BRI T RS R
F P b KRR N A RS T S R
— WA
1.4 fhFRRFRABNEEMUEE

DA s RO TR TE s 5 /NSRBI
AINEHL BL P g1 ps L 3 p; 310
n, » p; € Ne(p) o pi (R IIASUR R BSOS i s AT SR 14

) n; o o ©
q; o °
o UM c o JRUH A
o F T A i o OHMTFA
AEBX o © AEBA
P ® T

o

(OIEFE

3 I =3 4 Bl RO i RN L v N G RSN 9



45 5 1) BEBE S AF R 10 AR 2 s R RS 73

FEARRFAE  IF5E SCA AL E AU

So= >3 w(pi—p;n,)gn, . n,)
P EN,(p) ’

(pi —pjsn,) (4)

- o 2,2
u‘l)(piip/?np,) — ¢ ‘(p’b pJ)X"pi I°/26 (5)

T 1) SRR pR RSy

£Pi - 2 u’p(piipjyn/;i)g(np, 9",7] )l’lp] (6)
P ENL (P
NRUEER
W, = E w,(p: — p;>npgn,n, ) (7)
P EN, ()

A sy, R S AR DT b oA R Y e A

PREL o Ay e ST R TP B AR UE TS 2% 5 g A AR IRAR BT

AR PR EL. 55 Sck[ 10 ] B AR B g i UH
jf(np,-"ﬁj —D nyn, >T

g(n/), ’npj) = 1 0 nn, =T €))

f(x) = a*

T p TR A8 R e 1EQ RMu TR & il
BB g5 q; € Ny Ceo) s [AIREXTF s - AT AR 2
BLENALREOT R 4 A3 ¢ B9 E AL S,
EyE AR ne ENIERECW. R

S. = 2 we(p; —q;-n,)8(n,,n, ) »

4, €N, (cp)
(pi —q;sn,) 9
ne= 2, wdlp—qn,)gn,.non, (10)
4; €N (¢;)
Wc = Z wc(pl’_qj’nﬁz)g(n/”nqj) (11)
q/GN,C(L'i)

w (pi—q;m,) = ¢ | pypp<m, | 2/2°
1.5 MERtERSEAZEERE
fill B SRR T A A RS S B A5 R A
HE U
Py =p, TS +Son, /W, +W)  (12)
il s k)
n; =, +n)/lln, +n_| (13)
XA R R R A AT R s T B

A I HE L B AR R N . T 2R

P 5 25 22 (A7 7 1 8 DX, D ] DL e IR s 2 I
PIPIBES. . ZIR A SR a1 R
Mmz :M1+Mi<l (1)
{7 5HR0R 2 IR s R E B 5.
2 SEEEUES A
MR R G 3 AR R A R 48 R A

ZHE I R Y R A RS SR R R
L E = TR T T . B AE Pentium 4,
CPU 2. 8 GB.2 GB WAL VC 528, i
KEERAE Geomagic AT H LA = A A1 Jr 2 R,
VP HLA ANGURRIE 1 — A9k B (B4R R4l
VA% 300 5 RO 2 S Ak B, 7 0 A 2 TR s [
bl i RIS 3545 3 I8 5 2 a5 2 22 Al 1
OSHRR S A ELVCHAD, Qi & 2 frR. 3 R = HiE S
=M SR 3 iR . 1] LU AR f A7
FERLA W75 i, T3 ZE A T A A L.

(OMKE 3 S
2 ZVCER = R

K3 3RS s HEAIMEER



74 W %

i

K ¥ {1 %43 %

Y,
¥

R Al G S TRTIG e 5 30 20 st P e 455 )
ke AR /N 2350 S5 2 W il G 25 SR 77 A 52 . F X
A2 AT LAE H L BlA SN E SR S R s &
2 MR 15 2o X /NP Sl B AP YL L b A A 3 )
A T EHHC X ST 31T 1P b B, PRt
AT AN A a5 3k 1] 7= A 1 52 M) A58 /DN TG AN 5 22 5% .
Tl pii P MR P 2 T o I ) e 2 1 il o {EL R
U 1 2 1A R P A X TR 7 152 2 /MR 22 4 T L2 i
B R 1 2 PR R JRX h a5 BT R AR I R
k ABIEERE. kB8R A5 BN B R G SRR E Bl S R
G P o TR AT 3 (L[] R B 240 5 AR A fef 4
KU F35b o MEEREXT R G 45 R A 0, o
FEC &R S - IV g, DR 255 R A
AEAROR 1D it A AR B AR . 280 K, AR SCHR
kAN 6,00 hy 1. 2D.

KPR RISEFNA SO 0 3 IRk i =y
Al A HET TR FL S 25 AR 4 FNE 5 R, SEERER
S BT 1 0 B 65 SR A 2 (ORI 1) 43 L AR

(I TP RN e XA S

B 7 RIE AR RISCR (A 3 B Rl 5 T B -3
e IR A5 21 B AL S S W S, 40181 6
ba H IR AR A SOT L B Rl E 4521 R B R R

LR A SR 0 A AT O X T S O
b 7 P T LB TR AR/ a5 0 2
19 » T SR 5 2R 1) S AT AR A A R AR TE &
SFRIREFL RO T AR A RS R A
DA 0 5 10 40 A A DR A RE AR Rl 3 45
RATBIE. F5 EL X T2 REM R =, K2H
SR B A AR AR R I — T ) 22
A I LI i AR SRR 5 DR A o TR P 77
G TP EIRISHE b A0 R EEAETH S (R
SRR REE NS,

XHEC 2 FhOTEE I R 2 0 B R w35
JTEARAR Y 5 2 BN 2] A&l 6bc R, Xt T
AIRURBERD L A4 BRI D it 18] 1 — 9 4 NP 2R L 20 A1
PYETH  Ze RE A DR B B mT 5 Y P 2 LA S 5K
figg. ARSCIAA T 2 Bh07 i o5 BT HLA A SR
ZERNFR PR, AR SCH I A RS LR T R

(a) 2 7 I MRl & 45 R

(b FEPREE LT

(OARITTER R =
K6 2 Bhrikmm & 4 Rn L

WK T EMME SR, X FEER TH L&
B 2 AHIERA R IR b
— X FEEEL
REUE - RH WasB Wls ST/ KB WA Wll/s  SITPIfE/KB
1 485 591
2 490 022 768 531 64 233 624 700 285 49 189 744

3 563 139




45 5 1) BB AF R AR 2R B R R 75

AR S T B AR R T KD B A 2R
W% s (HAS S5 v 5 P 2 R IR L R SR AR S
S A TR R RL B IR 22, 24 5 M P BRI il
FE R AR

3 45 it

AP T 2 MR = BE Bl A 13k . R
ML BRERUREAE RE Rl 4 88 Bl R ) 7 A5 PR 1 T
6], BELER IR T 2 M8 2 O I R AR T IR
AL L 51 2 SRS 10 A b A5 2R 3 T A A 20 A B Y
S5 R THT ST o 40 fCRRAIE 451 2 /) % DR DL TS
REM S = BA B RCR B h TR Z 2
Wi & . 5 R LTS R A g .

S 30k

[1] CURLESS B, LEVOY M. A volumetric method for
building complex models from range images [ C]// Pro-
ceedings of the 23rd Annual Conference on Computer
Graphics and Interactive Techniques. New York,
USA: ACM Press,1996:303-312.

[2] HOPPE H, DEROSE T, DUCHAMP T, et al. Sur-
face reconstruction from unorganized points [ J]. SIG-
GRAPH Computer Graphics, 1992,26(2) . 71-78.

[3] SOUCY M, LAURENDEAU D. Multi-resolution sur-
face modeling from multiple range views [ C]// IEEE
Computer Society Conference on Computer Vision and

llinois, USA.

Pattern Recognition. Champaign,

IEEE Computer Society Press, 1992.348-353.

[4]

[5]

[6]

7]

[8]

[9]

[10]

SOUCY M, LAURENDEAU D. A general surface
approach to the integration of a set of range views [ J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1995,17(4) :344-358.

TURK G, LEVOY M. Zippered polygon meshes from
range images [ C] // The Annual Conference on Com-
puter Graphics. Orlando, USA: ACM Press, 1994.
311-318.

BERNARDINI F, MITTLEMAN J, Rushmeier H, et
al. The ball-pivoting algorithm for surface reconstruc-
tion [ J].
Computer Graphics, 1999, 5(4) . 349-359.

ZHOU Hong, LIU Yonghuai. Accurate integration of

IEEE Transactions on Visualization and

multi-view range images using k-means clustering [ J].
Pattern Recognition, 2008, 41(1);: 152-175.

DORAI C, WANG Gang, JAIN A K. Registration and
integration of multiple object views for 3D model con-
struction [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1998, 20(1): 83-89.
ZHOU Hong, LIU Yonghuai. Incremental point-based
integration of registered multiple range images[ C] //
Proceedings of TECON. North Carolina, USA: Indus-
trial Electronics Society Press,2005: 468-473.

SUN Xianfang, ROSIN P L., MARTIN R R, et al.
Fast and effective feature-preserving mesh denoising
[J]. IEEE Transactions on Visualization and Comput-
er Graphics, 2007, 13(5);: 925-938.

(Jmt  Eoktl)

[ FI 4 2 SC ik 5 4

g BRI BAs B G iE m N FFAR A, 2006,40(2) : 142-146.

RGN BB W 455 KAL) RAT Y 3R 39 4 o 3 5F

2. 2008,42(4) :389-392.

T BB M % % B ARSRIZHAE AR -E. 2006,40(10) :1043-1046.

o W B R LA 0 B 59 B3R R S0k, 2008.,42(2) : 226-230.
—FF AR IR FE F X S LEIRF 569 77 %, 2006,40(10) : 1056-1060.
BT R F it s A0 L5 R AL 32 F k. 2008,42(4) 1 458-461.
VALA A [ ) A Y 69 — AR5 T M 2 05 ik, 2007,41(9) :1101-1105.



