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Contour correspondence algorithm based on circumcircles of triangles
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Abstract: Since the current contour correspondence algorithms are apt to cause erroneous correspondence relationship

and their calculation efficiency is low, a method based on the circumcircles of triangles was proposed i

fS)paper. Each

contour in every cross-section was triangulated first, and then the circumcircles of triangles thit (Qe n legalized were

extracted. By investigating the correspondence relationship among circumcircles, the corr
contours, which lay on adjacent cross-sections, can be determined. Th
p

this paper can robustly and rapidly process objects of complicat

d & o
a‘v,i O cor%@ nce; contour correspondence; three-

Key words: triangulation; triangle legalization;

0 3% k:\'){%(

BEE THABLEZ TR AR IR S OR %,)\
ﬂ]ﬁ%%%ﬁ?{ﬁ%%#%F‘JE@?E@]ES@’@ Ay X 4

dimensional reconstruction

SRR EM ST S = 2458 iy e i) e
AN RN HoBREER,
B4R R T IE R CE M, FEIBIREWZ AT, 2670
fRPAR B A A b 50 B IR B, X T SRR 42,
e BRI B B e R B R G (A YR R B E 2
(4RI - M B E A F B IRE R R) B, B e
HoRi e BRI, HERIEEREZ R =468 R 552 bRBt
FEXT R — B, T 1 R S A BT B

I R AR DR B X o7 [V A ) S Y 1A Owada %51° 4 5@
113 Reeb [ e #  7 WR X 56 BR8] 4= 3% = £f I A ; Meyers
USRI T B/ RN B 1, BB AR B M 4 B A AE 2y B
EROE WIS SR o e LRV aR N &St d i P NG T i B
Kimoto 2\ 4 H T 1 URA S v, HRTIR BB SR R B AR
el AR BB BT W I s Park 251 MR TR E S, Wi
THE AR AR A 5 BT ) (B ROk B E X R (B
SRER T AY MR R K, 50 B0 1B A5 th AR K B A REAS B B AR B 45
B ETTEN W 25 LA B S B A0 U] £ SRR el v
RS T 50 B B ORI B LR . MBS E
AR/ AR B B EUE N TSR A I _E 58 B IR AN A

75 HH5:2011-08-16 ;& B HEF :2011-11-08,

nce relationship among

%lental ﬁ%@aw that the method proposed in

o\
\N&%ﬁﬁti&ﬁ&?w&ﬁ%ﬁfiﬁﬂ@%%,Treece el 4 4

N\

T E R 5| A S ST EAS 2 B AL E 6 BLR R 2 5
T A — A A R I R SRR M E R, B AR
BEAL BT FE X G2 AP LE 7 SC BB TR B 1Y) [ A, {H e 7 s
TR, SRR,

Bt _EIR AR , A CHE Treece ST S2 M0 2EmN L T %
F=AMIBISMEIR 5 B X BRI , 1207 i TR T AR
I _ )25 S [ 6 X 7 5K % SR G i) ) X 7, e 26
SEPREEE, LR AR TR AR,

AXHERA—RIM R E R R, EEAFEWA
PR ) XK R B IEAT = A E o, IR TR M = A
EEE FEBCHAME R ;2) THE A T SR b B9 SME B [|]
AR SRR L G 2R , M 308 2 R X A Ay R A 2 - Sk 1 2 £
TR AT L A% BB IA] B XA

1 a2k 5 AhEE R A

L1 #ES%E

B R BRI AT F XY P, BrA SR AR AR
PR MR R SR RS IR S U M2 B B P
BT X SR BRI B R AT IR IR R R U7 S A D A
1

1) SEBETA R C; MFRLIE N, = 0, B 4RI RcRAMCE
N = 0.1 BAT X B Y iR/ IME B R R BEE LA BSNZFh

ECWA A EEE E A RBHE S1ZE &8 H (K314020901 ) 5 s mp AR L 45 % % BT 4 9% B2 H (2109021004)

YEE R AT BRE(1986 - ), 4o BRPG G A BB 50 2L , E R T7 [ : B2 B S 5
&, REBFSIT R T BN B SO ST BN BL T ST EYLE R
(1987 - ), Lo, BRMENA L BL BT 50 A, EEBFFTTI - EFR 2 B E,

2 BRI

WER(1974 ) B TERIRA, Bl 40#%, 18
M2 (1987 - ), 5, INAFEA LA, EREBRITI B



%384

B R T = AWM E SR AT R

723

THORE, TR B R R A5 1, 2 B 4 3 1 SR AT
it

2) & BRAEE L — S M S RN A TR R (8
BOR UH R EANZ R R ; & W 3 B30 B e oh 2 (Ff
F)RECBEHRICAN, = 1, YaT R KR ICERIN = N +
1,

3) A RBHRIC B X 30 YRR B IMEL P S S5
B Sk YRS R THRE C, 3P BN IAREN N, = N +
LA SRR ARAREER N = N+ 1,

4) TERERPARCHNIHRERE C, HER— R E—5
&, EPRSOICRE C, HZRFHRE C, BA YpEK
FRICME, W EFE C, BARC A N, = N + 1,

5) MABATE ) ~ 4) HEBFA IR,

G CL B K, = N%2, 4 K, = 1 BRI 7T
)5 75 N7 6 ) o (0 FR D T A 9 TE A e,
AL K, = 17 K, = 05K, = 0 K, = 1 Z5Ja] dhigih7
TR«

1.2 —HREN=RENS5=RREEL

TR = AT R R X AR,
i fg A~ S H2 TR B 7842 705 50 T30 (7% P 3 DX 38R, o 4 HE B 1Y
=, KR Fe /N A K AL R Delaunay %) 5 45475 gkt
=AW HTE R HARRENT R AHRN =/,

TSP TT UL — A4, I 1 (a) BiR, AABD
5 AACD G RWA =T, it B IR 6 AT R E
$ﬁ4aﬁ£ﬁﬁﬁﬁﬂ)iﬁBQMT%ﬁmEMMEf
B9 = #iT AABC FI ADBC, 5 HBBH] 6 ~f
i LB LB/NF La, AABD Fl AACD 4 %ﬁq
s W0, AABC Fil ADBC K43k AbfRt = ﬁaiK\, Q

A A 0&

C

ot

() Sk

(W) ‘{j&‘ﬂﬁ’:‘
Bl =fAegHir)

1.3 RE=ARHNEE
# AABC 193 AT S AR EL S, WITTH3 A B3 4
LA B A2 2 S T 4RI M R — 5200,

o o

(o L AT 16950725

®) XJ‘ %‘Eﬁ#ﬁ HiE

(&) X (o) = T R M
M2 B ERR

E2(a) BaREE—FEPAHIFKEEC, .C,.C, fEEA

WHFENENER KN, =1 HK, =1,C, HINERE;C, =

C, =2,K, =K; =0,C, fl C; HNEMERHE 2(b) B/R

(© MEGFHHN=AEEEE

THEAACEEEREZEK, = 1 K = 0 hi#ffr =MFlo
BEER . B 2( ) BXTE 2(b) PRI =M SRR 4
o FH2(d) AREEAE N =AIBRR—RISMER,

P 3 JU-Sh g ok 873

SME B | R B R K R AL E
YEIHRA TAE A b RISMEIR o ZIHASSETE B XS
BE [ BRI o 5 B _EREASMER b E X RLK R L
A o BE) B P HFATHA(L) HE o 5 b RIXMPIEERE
BE:

2.1

wb={6‘+ﬂ«’ e<r,He<r, (1)
0, HAls

Horb o B— ARG A B 1 RN e = |7, |- (r, +
1) by R a ELOETD b BLO B, |1, [, Wk, 5,
SYBIH a FIb B o FRUNF 7, 5, WA RK B AN
IR AT SRR, I 3 (a) R 5 T WA K i X404
IR R 2 AW O, 1 3(b) Bk,

i%@\\w ) (5) il 5 T
( @Hs«z) SR o rtieon)
rb%@aﬁ%%@bﬁf%¥ﬁﬁ&
B3 MBI X RAOHSS

%El@%ﬂf

HERBSMER o S B L& — MR A BXTRE R
ESG , IR (2) ¥ o BB B L83 —HMER §XF R[]
RV, 50« AT 7L

zwblby

b e dises

Za)b >0

bediscs

{th (2)

0, HAl

Hrh O FrAMER o B AR B BN 18 0, F77 o
55 b AN RE R MR, dises T TR B L K9 FTA M2
B, 2 (2) THEARIC, AR RAEHEES B 4
1422 B B OB E B B WA 41 2 B 1 B 0 AR AR B R,
2 AR BRI BR FC BE B 5/ WA W AR B b i 4382 B A5
SMEIE o ELATRREE 2R o DL T 5052 4% 4122 B0 7 6 54 B8 T
A ITE
2.3 #EREBITE

B R DA E AN B = faTE 0 3 TR A 38
SEHIBEX 3 /54 B R TS BB M E TR T
WA - — A SRR % R T — AR, B R R T
3 AEBBE. N TT BB AT LE— B A I B S 1 A
A R X I 425 SR, AR SCHLRE < £ T AR AR T b 9 — w56
B AT BT AS M I A AR AR 36 2 7 i ) by it
S SRR ELARIT AR R, A 3 56 BN T 15 B T
TEXT IR R IRL A R = 0 PR MR BT R 10 S e R TR

3 LBERRAMN

A SO R B JE o IO 77 RO, SE VR IR T L
HARE BB FRTR, R A SO AT 1 AR5 R A
Bk O X I B A R = A A L3RR T RN R i = 4



724 AR

532 %

ko EREFAE 4 ~6 Fim. B4 B8R TXRELY
HIZZABTFEN RIGAL B AR M5 B S TR TR AE
S0 SCRBRIB AL BRI A AR, B 5 (d) B SRR A
SCO7 8 BEAR e oAb A G SCROBT SRR B o IRISME B 2 LA 3
SR , (AR IR — BT LR 3 /R T LS 55
FOAHSBEA LR B R B ER o XX R, 18] 6 B AR T A
FeHR R B R T AL B A R A, B 6 (d) Y T A 45 2
BRI RAEAL T i Fe R ORI ST 0 Gt RS 15 2 2AR
MGR . LR ER I, SME R R OR & — 8 ERYIREIX
3, R T AME R RO X R A , T A&7 A S — AR
SR - ORISR ERTE 10 P O do 25 T L ) A IR A AR Y
VEAR SCHLRE X 248 88 9 77 1) B AR D AR A AR ) , BT (3432 T
FISEARTE | 95 M RS B A P it 50 B 20 B S X

——

(@) BB NNEEERE b #ﬁﬁfﬁ/—*iﬂ)a}:ﬂ’] R

%ﬁi*’]ﬂ‘]
B4 SEBEAEZE I‘*(R

L L L

(a) PIEMF S LAH

(© ET#ﬁﬁ/ﬁHﬁIE‘J?‘@ﬁ PEHZESR

(b) ZFAEERALEHIZE R

© AT SRS @ RN
&S @eiﬁmz@@
(o) HRA SR 25
(o) BT BTN R0
M6 ﬁ
BB R iﬁﬁﬂﬁi M RN RAE m DR
T, BRI FA p P g TMES, Treece ZEETIRERTETT

HARR R IR N [0 B 2 S5, X T — R B A
(5] 2 141 % B 1) B ASCOR AAS Bz T2 b ) 2% s AR {E 7
o P — R {E T 1 R AR EEXS ¢ A~ B A IAUOR A,
T&EF ¢ W, T —8l LA p i, 5 RA m DR
i , R R v Y B TRV B2 R B O (mpq) 5 A SCRE —ARIE =
FATE A B B 6] 16 77 2R X 1 56 28 SRl S JFL T U1 TR K04 J88 ) 11
XRL , F T4 SR B s 0 B 3 A AL, B el A T AR
B _E 6945 s 33 VAR TR e ok 2 A1 B B VT U TR
JE , SR FE AR A S [ ) R A LA X o7 5K R SR T S KL BT U R Y
BT AN R R , B —E80 EA ¢ MMEE, FIE
H AR TR ¢ WK, BT RAE m M,
P s =T S B ¥k i it B 2R O(ma) o 5351, B Rk
HEOLFAL T B _E 5925 AL E D7 1A, T = MRS R
(B R ID AL T ) AR T L B 2% % 88 2o 331 -5 OB A e o
IoE o R B B0 K T4 K R A, R A SCR B R
BRI ERCR O EEE R R s,

4 #iE

ARSCR I = A TR SR B SR B i T A AR v b B 5
BRSO SE 7 o FEMR BT B, BEH T 10 204577 454K (2054

@%

R R XTI R ERY . R BN R S
85 RORCHE 2 BT IR, SR A BRI, X TR 2 R
HARm BB — 4R B IMEMA—E (S HREREM S
SCRER) BTSN &, R I = MR A1 4k R 1 M9 BEAS B B AL 1)
KRG R ACERILAET R =MIEIMEE LR
AR 0 DX SR B X B, SV AETEAR R I X B, ) 2R
S NFIERFIE , RS ARGH HE ) i Ab PRI ST X B AR 43 SRR
ERENRE; AR E R RETET AT R M 3
JE  FEREAT = 42 T AR ISR 2 [8) 3 20 7T BB 2 7 AR R IR Y

S50, HEER A 4P Iy H B  HX ARG 22 &
[IEG 1
S0k

(1] JEEE =BRGP TRAIM] . bR AR R, 1999.

[2] OWADA S, SHINAGAWA Y, NIELSEN F. Enumeration of contour
correspondence [ J].
2003,3(4): 609 -627.

[3] SHINAGAWA Y, KUNIIT L. Constructing a Reeb graph automati-
cally from cross sections [ J]. IEEE Computer Graphics and Applica-
tions, 1991, 11(6): 44 -51.

[4] ATTENE M, BIASOTTI S, SPAGNUOLO M= Shape understanding
by contour-driven retiling [ J] . Thp Vi %puter 2003, 19(2):
127 —138.

MEY SKINN.ERQl N K. Surface from contours [ J].
saction! aphics, 1992, 11(3): 228 —-258.

International Journal of Image and Graphics,

onstruction of surface from planar contours [ D].
elslty of Washington, 1994.

OTO T, YASUDA Y. Shape description and representation by
elhpsmds [1.
(3): 275 -290.

PARK H, KIM K. 3-D shape reconstruction from 2-D cross-sections
[J]. Journal of Design and Manufacturing, 1995(5): 171 —185.
[9] BAJAJ CL, BERNARDINI F, XU G L. Automatic reconstruction of
surfaces and scalar fields from 3D scans[ C]// SIGGRAPH 95: Pr
ceedings of the 22nd Annual Conference on Computer Graphics and
Interactive Techniques. New York: ACM Press, 1995: 109 —118.
[10] #ET, &%k KX —FEREGRAEREEN = fEET;
B T EAEYES TR, 2007,26(3): 379 - 383.
[11] TREECE G M, PRAGER G R, GEE A H, et al. Surface interpo-
lation from sparse cross sections using region correspondence [ J].
IEEE Transactions on Medical Imaging, 2000, 19(11): 1106 -
1114.
[12] #1389 R, 2 H. 4 2%EIM]. Z£2F, KR, % B8
B R2:HifRat, 2005:314 -316.
[13] ZHANG Z Y, KONNO K, TOKUYAMA Y. Curve mesh recon-

struction based on mountain contours [ J]. The Journal of the Insti-

Signal Processing: Image Communication, 1997, 9

tute of Image Information and Television Engineers, 2006, 60
(11): 1803 -1810.

[14] WANG D, HASSAN O, MORGAN K, et al. Efficient surface re-
construction from contours based on two-dimensional Delaunay tri-
angulation [ J]. Intemational Journal for Numerical Methods in En-
gineering, 2006, 65(5):734 -751.

[15] EGUCHI G. Delaunay triangulations[ EB/OL]. [2010-10-10]. hi-
tp: //groups. csail. mit. edu/graphics/classes/6. 838/F01/lec-
tures/ Delaunay/ Delaunay2 D. ppt.

[16] WANG Z H, GENG N, ZHANG Z Y. Surface mesh reconstruction
based on contours [ C]// CiSE 2009: International Conference on
Computational Intelligence and Software Engineering. Piscataway,

NJ: IEEE Press, 2009: 1 -4.



