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Filling method for three-dimensional scanning blind-area

based on layer associations
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Abstract; To solve the problem of scanning blind-area appearing in scanning 3D relic, this paper gave a fast and efficient
method of filling based on layer associations. The method improved the traditional method of picking up boundary points, of in-
serting the discrete points and triangulation, to make them suitable. The method also made the above three kinds of methods
and the quality triangle parallel, in order to improve efficiency and accuracy of filling. The method took full advantage of the
distance-direction relationship between the boundary points in which the innermost layer that in blind-area, to insert the dis-
crete points and triangulation layer by layer, and using of topological relations between vertices adjacent layers, to optimize tri-
angle. While dynamically update the current layer, layer by layer. The experiment shows, the new method can fill up the 3D

relic surface speedily and smoothly.

Key words: scanning blind-area; filling; point-cloud; triangulation

0 5l

il

YRR R D BT =R AR LR ik
SRR E SR SR E SO 3
TR BERHR 2 09 W PR 3R T DX AR S R X, n SR it
VAR AT (SRR 67 B, e R A S 2 2 BB S TH B
FE X FRHOARIXT R X, d T AU R &2 2k, 53
ANVEURART 25 BRSSO A AR 1) 7 5, AN A 408 81 1y DX
PRHOBZER X, Ak, fE—Le i vp, i T A B ok 2k
A, HIUPARSE 2%, BCEF AU B i A f ATy ek S8 41
I X HARN B XX H X

AE 25 U, AR B SCHIAE H IR 68 SOt s St AR A
s A T HRRIRT S AR I, th T30 5 WAL 5 i
I AT AR b, S0 70 ST, ot e BE A Bk, B AR
R (A5 SCEiE AT =4 B i 5 7 A W H X

YR EHE . 2009-10-25; {EEEHA. 2009-11-27
B (08YZZ33) ; k¥4 & KA L 2% 87 A (SI08F29)

XA R R G P 20 %8 5 DX TRDRST , 414 i 7 20 it
T FET RSB = 4EHE X BOE, Be Ll UK T2
(] =y DA% B FLIRL B A, Bl A28 X AT T —SE RIS RIER
R SCRO 1 XALIR S AT — M = A, T %
YEAR, XL =45 B9 AR AT AR MU LR S 74 %
(BT A BT = A I AN DRG0 R ST 30 TR A7 G
B, LURFEI , SCHR[2 ]9 1 38 3 42 1] ik ok B30 S 4 A AL
L2 HC A B IX SeRAUL 5 o T 1) 753 , SR B CR A — 2 D
TE, SCHR(3 T4 DR 3D BRI B 4 3 1 — 4k, =
HERUGAE S 7 IE AT AL B, S8 U PRS2 = 2= ], {Eanfar
FVEFEAIE BT, UL RSO R A R A T T A
e, RGN AOMERE , [R] S AN AR et S SRR BE A5
LA IRy A AR R P DR

L5 LR B GOTE S 2R AR R KA
BT B HOR, PR ] Delaunay = A8 0 AR L =M R, A%
JE = HE T i AR A AT, AT T T4 00 5 DOX R TS

HEWB. BRAAAFEL TR B (60736008) ;1L K FHF 4 & 8 019 &4 K8

EEBN . EHA(1985-), 8 BBtk A M EM R A, T RBA T @A A FE TAAAK K (willlamwmy992@ 163. com) ; Bk H 4 (1955-) ,
S L AEBA BR GF E AT ANBABEERER HBEEZAANA(1954-), 8  RBEEA IR TF, 2R 5 & kit LT
HAR; GR, X, RBBHEA BB WL, ERAAT A MBEEEA TR,



%78

EIEM,FATEMKRANZLRAM BT RALS &

o 2777

T P SRAR AR A DR, 2 9 17 P, 2 ) AR s B, A
JR AR R 22 . FoM— SRR R L 0T AR T Y
FLIRE R BEAT AR BE , A BA— e, HL 18] 52 2% B, IX 2677
TEANE TS =40 H X, S5 5 18 = 4Tt 5
DCEFEIRFIR 2R

ARSCEF RS SO — AR 4 b B 406 T X )L, 42
TR TR M SC R M PR =4S X Rk, %Ok
e AR LIRSS 7 R A X A SRR EARZE &, R AL
R 03 5 A A DX RT3 22 i) 7 i) AR A A, 4 AL 3
S NIB R R A BSOS, B2 AT =i 22 gk
b R U AR IUZ Z TS 20, B S X 48 B 1
(7 B AT JHRE SR SC T R SN i TR T

1 ETEHEBKZRENIDEHRFGE

ARSI P SR AT I, MR A X ek 483 P SRR A
5 XSSP 114 B AT 6T 30 S 3 R R A T 45 ) = A o, T
BIHUS Z B TOC ZR LA LA AR il i s R A (A
U ELA S (i PR A LSRR SR X T TAE . A
B .

a) bRE RFIEL T X

b) SR X I A

o) KA DX dn P B T

d) BEHUE = A

e) = R AbAb B

AR SC A BT DX et B S AR I XN S I R e
ST AR A RIS DR R R
1.1 RERigaRS

FEAFL T DXARAT 85N At 2 B 30 40 LB A S8 DX I, 358
SREE XA R, B — PS5 PR RNSRN P
HIEREE R . WER P AT SBEE AL Vo AL —> A 1 30K P
SUELEELE N JWRR P o et BRI B, ikl 1 BR
G IARIE D Ve = |A,B,C, D, H} |, iX ¥ 5 2 8]0 i 48 ¢
% AB,BC,CD,DH , HA i 14 55 G A FEN, TR 6 A
T, B AR ER V, = {A,C, G X Z Rl 6
FHN CG,GA, T A C ZBIRALIKER, I LIFK B i Fa
SAEEIRH 2 VLA A TR 2R 56 R BRI SRR, P A

R, A A 4

B F

C
E

1 J‘ZE’?‘-)&%EI&

VIR J3 30 33 o Bl B 1SRk S IR DX dal 5 37 A
P 1 AR 2 s

FESUBAF P AT, 0 L U o N] [ N AFI0S
ZIRIME IR N R B HUSA L, 8 X int 285 P_num | L_
num 53 HIC R BRI OC R A EL, BEHLLERC— 0 P AE i
T3 L B a5

o {1 INFALESES A

U=z mrars

i,j=1,2,- n;i¥j

=5

a)% P_num =0,L_num =0, FMEE) B P E 5 P
ISR 42 s AR U HE A A S P, AR E A — AN 4B 4% 0, B B P
num ++ ,

b) AR AR, e T AR Z M G R L iE o Lonum,

¢)4 P_num = L_num B}, 5 P O P, A5 00005 P ik
R,

d) MRS N2 L BR ) s M LB o) o

e) BB T B, 10k PN S P D475 56, gk
PATHIR e) , BELTE a)

) 458 |

l FRET 1

%
[ APARE SN, P_oum+t |

[ &% GHEXA L ) |

= B
PRI R PHAIEA

= ?‘m
[ BSIE TR, AP |
e

K2 HkmEl

2=

1.2 RENBEHEEER =45

FESRAR AR XS 10 T R AR |, T B A X3 A LR
MBS SIS = A 4y RSO WAL 30 a) B ST T
JEUFE DX ol SRy A AR A 3 UGG AR 0 U e B e B RN 4L
TS s b ) A8 DX P R 8 BT 85 1, (AT = A 4, I X B A
B = A R AR AR | SE TR TAE
1.2.1 RBAAZFALAFRES

AR SCRAALAI DI 0 a5y SRy R A b R 1 it 4
RN T my yma - m, JES o BTN (1) FR .

0="—%m ()

7 SRR X R e n s e e

(2) THEE s X33 A A A v A T A A 02 = A R 3k )
SR MBS (3) SREL = ik i 34

v;=(my —mp) ®(me —mp) (2)

vzélv,-/n (3)

o my omy ome IR m TR = AT R0 = AT )
i, 0 BIRTVESR n, J7 1) 4 ) SR AR T 2, X il 1) AT F
i oq Y, o g ST X LA P SR TS Z S
TR, o B I —ANFRAEST- T L A, Y Sy e i X SilRn
Z Sl L B ) AR SRR A

R T SIS R A vk ) {di 75
R T RE RS B S8 ek i A 1 Pl s . AR SCR e k™
KM B IERE . WK 3 iR ,p(x, .y, ,2,) NEL A S PATEE
—1.p " (x, ,y Lz YN p(x,,y,,2,) GEREBALBRIF ST Z il



« 2778+

it ooE R OB R

%27 &

DL g(x, y, 2,) WRETIER: 0 )G TS, p" (x, 1y, .2 ) Flp
(x,,,,2,) FRRM(4) 45t R, e B4R I
(5 s 1] =0x,.9,.5,.11 % Ry, (4)
BTSRRI =8 3 TR A bR 2 R AT, SE U
B AR A BB TR 4 [l FUARAR R T
PG
p

A

X

B3 FRmEkEErEE
1.2.2 =% Bacb Mgl 3

SRR B 2 M B O AR , A =A AR
HIRL AT, D3R a) ~ o) SEHTIL S s i A 2P BR d) 58 1
ST e) ~ o) MBI = R T AL, Bk 2
WA 4 s, BARSCEIB IR .

FE SCPIAS AL AR 7% FList \NList, 53 BIAE 0 A DX 3
MATRNEE R )2) R S AU E T —)JZ2 (e i +1
J2) AR

k2

a) WA EE J5 )M A 4045 2 5 X i P9 2 30 SR TR
MUK ABEDR FList 0 2 50 A 55 AS B i A 5 1 7 3
PRES LA (E RS AL A,

b) M FList 85— S IR B B i fa —A 1 i IRk
HOYRG AL p, AILABIE po oo (GRS YHRREE j TR 7
P AL AR A — DB TS Py, TR U BE 3R
NList "1, peoy BT po A posor PRSI R & SRR TT
XIS AR AR ZR 1 7 S SURRURf s BE s e BRI R
SEIFEES L ARIE T R )2 BT B A AT

o) TE =SS0, 0T — )2 10 B IR B - TR A, inAmr
A 35 A R, DX e P S A T 5 DT A B sl A e I = Ay
R RS A NList FPSAHSR I AR IR IR s, 25 d =

1 : .
Hp“,,lt,)p(ult,ﬂ) H< ? XL,JH\IJEPIHJ*HPH],,H B/‘qu)»ii%ﬁ*@@

RN pisyj, FENEER FNER pioy 1o FeZHAE HY NList
FERIT AONSEE G R T 2+ 1 )2) 5.

d) PEFTEE § BRNEE @ + 1 JR TS 22 B =l & S
FERE T poy AR IE Y piy pij G =1, n) ZEAHE, SR
JE RS © + 1 RN T TSR UG H 8 58 B TR = A
1, [T R B o DL SOR T R B D e R AT B A S B 25
(LN

e) RIS i J2RIEE i + 1 J2N RS NG Z s =
T AT ORAR IR eI @+ 1 2 P ARAR R P = A
AL BT A e 5 2R R, I SR SRR AL R ) s O B

He)o
) FEFEOL T, TFEE WA 1 = T R 0% 9 % A 2R B RD
:\Lj_jﬁ‘)ﬁ i,,'%pm,mZI‘EﬂEI"JEEFZ% d, *u Pij+1 EPIHJZI‘ETJE(JEE%

d, . %,l d, >d, H#,ﬂﬂﬂlgx%p“ju pil| pI+1</Z|‘EﬂE/‘Jl‘dl3‘é§\ ,jT@_TL Dij
H piar o ZIEIOC R AT 0 =M R IR R B C R 5 Y
dy <dy W6 R AR IR ) 2 AT A EBANL

@) AL BT, W0 5 4% H ) b 43 I P AR 4 = A T
F I/ NA A N o SRIG AR I E TS p, oy o AR R
PP =R /N A By 2 o < B, BRI 53 BT TE i
/N IR S R AR RO HEN DB e pe o B pos 3
P R, TR R IO o A o AR GBI = AR R TR
FHRINEZ M o> BT, fHA A,

h) MIAIEA AT IR o) ~g) 58 i + 1 J2FTH =k
BIOCAL TR, B BT FlList DL S T B FR F 0 B AR A7
Bl =M EE,

DRI i+ 1 2B i 2,5 0 +2 EZHREE i +1 )2, /&
PATHIR D) ~h) 2R JEA A N — 2 =AM, Y
T2 RO 3 B A A S S HERR, 58
A TE T AR,

[(RAERF AR List |

LSt AR Fip, Aip, AR
FPr,p HHEANList

I Hﬁim%ﬁ:ﬁﬁiﬁﬁﬁiﬁﬁ |
| EBP-‘./" pi.iﬂﬁpﬂl, ,ﬁ»]ﬁ!iﬁzﬁa A |

| =AW |
/\
REMR | [ THE#ER

I
a SER+1 BRAL
&
[ EBRRE, i2EBRH1E |
FET A B0 &

2
| :5%?2%5\ |

I &R |
B4 Hik2miERE

2 ZEBABRIR

ARSCHEA TP S8 . L8 1 X — S AR A F2 A5G T
i I ARG 3 E XA B o 25 T, 1S g3
AR BRI K 2 LU, e U -5 0 I ) s
IR R, TS R [ O R B B A, S R B R S e
Z ) = A S ICHEARI, 7= AR R XS - ARSI e
Frriase, Wk S B (a) 2 EGEBIE ; (b) TR
BEAUFE T 5 (o) ASECTEHT IR AL | 21 (/I8 Bl o 114 DAy e 2 DXl
(d) FHRIC BB DXCIRAT ki 5 B 5 (o) A B HORUS
AR AR DX I8 5 () S =183 I B RO AR Y 5 () S 3RCTE i ) 3k
T8 RS (2R A0 SRR 0 ) 5 1 5 (h) S SRFE s AR
I

SEH 2 X1 CT R AR Hh 9 i = 4ERE R AL 17 18
o WA SRS EM L, AR SR B 175k
itk 1AL GEIT 1 FoR AL B BRI RI A R =S R
A 2% | DI AR A R E BT SR B, B 6 (a) AESETT
VAT T B RSN = f 5 0 R B (b) A SCE D5 7%
HEAT T B R RSE 0 = AR 00 3 e =R SO A s O RCR A
G IR G E AR SO e i B BUS R =R
R =50 AR dE Xt e Ferp O SR RE B =
Bl BRI A . RIS ASO ik
GEJ7 iR T BRI = A R BB B T = A R



%78

EIEM,FATEMKRANZLRAM BT RALS &

e 2779

ARTTEAEA LA BT G AT 0, T e MR AL 5]
7 45 AT A FAWIE 25 LI BT R RCR 18]

@

®
Es5 SCIOSUERE

(a) B T7 EHT B LS AR
ZARSR
Elo SEH2EFBRX LA
R R R E S LGB

©

(b) &30 77 41 4 B MR A
ZRESBR

Ji ik XN T A =M A8 B =M B TR TR/ %
Bk 372 476 387 81.3
AR R 216 281 249 88.6

s :‘;53':;{? .
= g

B7 ASCTTEE R A S LIRSR B
ARSI R MR B R i VE6. 0 3 ] OpenGL
B e S

3 4RIE

ARSCRE R =2 SCH A B B ) 2 X 5 DX T) R, 418t — o
BT RBIBRAR ML, ZITEXHME G A Ok |
BRI AT IE I = 50 05 R AT T IE R, R 1
TR AT LS I, SRS AR L T TR o R
(AT T A TR

T RO T | AR SR U] 16 B B 3 2H 2R IX A P 3 A
P T AR A A MBRACR A7 2 5 2 Z R b
KRR JERIFHIOE R 980 1 DR P T B0R =y N8, O
VB T = A0 50 R0 =R - DAL R [ 20 36 AT, — IR 58
L, S5 PATAR G b 1A R AR TR R

WERME DT T, AR SCTEHEAT = A8 70 BR TRT IS X 48 = A i
AR AT . MR — A IR A S et UK kb
S5 o NS SRR A AR NG TEALIA LS R 64T =4 )
MERIRALTRRE . LSRG 2 o] AT iR it BT 5 4% 5 T A
PR T 7% .

(P T, AR SO Y 7 125 AT B S DA S i fe 9 )2
S R B TR R R 5 2 B SRR T AT = A
g3 M TAERPES AL RER S, I 7 730, AR D730 T
AR H R R [+ 25 ) R LA 3
SE
[1] k&, &7, T, F. = A AR 69 & & 5 1 LR 540 5T

F[J]. SR B T 5 Y F 4R, 2007,19(7) :893-897.

[2] A%, kmi, TRAF, 5. ATRQAIKN = AREHERE
FEANL R J]. LAl Bt 5 B # F 4R, 2005,17(9)
1976-1980.

[3] PEREZE, SALAMAUCA S, MERCHAN P. A robust method for fill-
ing holes in 3D meshes based on image restoration| C]//Proc of the
10th International Conference on Advanced Concepts for Intelligent
Vision Systems( ACIVS). [S.1. ]:Springer-Verlag, 2008 .742-751.

[4] LI Gen, ZI Xiu, YUAN San. An algorithm for filling holes complex
holes in reverse engineering [ J |. Engineering with Computers,
2008,24(2) :119-125.

[5] mJk. Zwm @B AR ARFL[D]. B4, ®XF, 2006.

[6] s, BE L BV 4. 5 AT AR bk 2 S 8RR 5 2P o
AJ]. #EMITAL E A ,2010,46(8) :156-159.

[7] %% AT CTHEGMFTHRAGLHERTFRLID].
X%, 2008.

(8] MRWM, AAK, M2, AT HRe=ARELRGAN X
BERLT]. W T FRFR, 2004,13(5) :32-34.

(9] 2%, Lit, 5% wisdxatAn@uyrasal)].
ERMIAZF PR, 2001,13(2) :48-50.

[10] 23, F&-F, TRt BAMARKRK = A6 R a& %L 5%
AT RFRF SR A KXAFR, 2004,32(11) ;1508 1511.

G %, Bt

(435 2775 ) ORI U2 B A AT R R R B
B, B SR AT AT R R R — R &
U4 RAS R A B R BIR LA, (0 IMBER 19 21
DR SRR FE /N R KA R 4 e
SRR AFRAOER , (1 22 SR A Mt I 30 7 o5 B i g
KAPEF 4 AR, A PR R,

SETH.

[1] &/, B8 T R KM EE )], skt 5

B 3 53R ,2004,16 (4) :385-396.

& A R, £ M. K T A — AR R A Sk e TLAT 4 R P A

R[], A% AR ,2007,19(16) :3650-3652.

[3] BeFam &, B4, x) A4L, 5. JUAT 2 ok K iR 69 BFGS-itih &
(1], T K F 2. TR, 2005,39(9) :1334- 1338,

[4] GEEM Z W, KIM J H, LOGANATHAN G V. A new heuristic opli-

mization algorithm ; harmony search[ J]. Simulation, 2001,76(2) :

[2]

60- 68.
[5] X AA,EBH, 24 AFTRYRREMEE]].
&5 B H S FIR,2003,15(8) :1011-1029.

[6] SAKA M P. Optimum design of steel sway frames to BS5950 using

A B

harmony search algorithm[ J]. Journal of Constructional Steel Re-
search,2009,65(1) :36-43.

[7] KIMJ H, GEEM Z W E S. Parameter estimation of the nonlinear
Muskingum model using harmony search[ J]. Journal of the Ameri-
can Water Resources Association, 2001,37(5) :1131-1138.

[8] CELYAN H, HALDENBILEN H S, BASKAN O. Transport energy
modeling with meta-heuristic harmony search algorithm, an applica-
tion to Turkey[ J]. Energy Policy,2008, 36(7) :2527-2535.

[9] AYVAZ M T. Application of harmony search algorithm to the solution
of groundwater management models [ J ]. Advances in Water Re-

sources,2009,32(6) :916-924.



