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Surface Reconstruction of Complex Shapes Based on Contour Deformation

ZHANG Ya-Lan, BAN Xiao-Juan, LIU Xu, LIU Xi

(School of Computer & Communication Engineering, University of Science & Technology Beijing, Beijing 100083, China)

Abstract: In this paper, a novel reconstruction method based on free-form deformation (FFD) and External Axes Projection (EAP) is
presented to improve the surface smoothness effect of 3D reconstruction. The contours of the slices are implicitly embedded in a higher
dimensional space of distance transforms. In this implicit embedding space, reconstruction is formulated as follows. First, an arrangement
of the planar slices is computed to support the approach. The arrangement consists of cells, and each cell consists of two adjacent contours.
Second, the branching problem is converted into one-to-one case by the external axes projection. Next, computing direction for each cell
of the arrangement is decided by the length energy. Then, in each cell a B-spline based free-form deformation is used to establish the
correspondence between the adjacent contours. Finally, the contours are stitched together based on the correspondence. The key advantage
of such framework are: (1) it naturally deals with contours of arbitrary topology, and it preserves shape topology; (2) the established
one-to-one correspondences between two adjacent contours can guarantee the surface is continuous and no intersection; and (3) this
framework is highly parallel. Experimental results show that the proposed approach performs well and can handle complicated situations.

Key words: reconstruction; free-form deformation; external axes projection; branching problem; correspondence
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Fig.6 The matching process based on free form deformation
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Fig.9 Real branch data. The red frame section indicates the function area of the outer projection
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Fig.11 The reconstruction results of Stanford bunny and Stanford dragon
€l 11  Stanford bunny X Stanford dragon fE7R

Kl 12 R T 16 RIEURE 5 00 R, AR 8030 5 Marching Cube 5532 54T (0 5236 0 EE, A 77 A5 41F S2 56 1R v ff 2,
I A A T SRy i N B SC A A [R], H. Marching Cube 815 58 4236 T VTK SR SZHL.

B 12() (D) 7R T 28 U REAG 1R B RS Bl L R AR B0 2500 19 400 000 A, 48 Uk 512 50 s M EY 200 2,
3L 847 414 AT S AL B R 358 AN A SCH VL SEFRAE ] 198 JZ . Marching Cube 574 A# F 1) vtk VoxelModeller [f]
KA HEFE 4(100,100,100), 18 FH (9K P8 R 0.1.

Bl 12(b) 7 T Wk 380 o 10 AL &85 L 12 S S A 3 4 586 124 AN T AR S50 A HH Al EX 200 /2,35 280 801 AN Tii i,
1B R 369 A A S VESZBRAE ] 198 4 A, Marching Cube 5732 F4A B0 AL 45 1 24 (100,100,100), 48 F 897K 1
fH:h 0.1.

12(c)B7R T Kiss (1AL K bE, ILAT R B R UBOA 138, AR TR S 50 5008 >R [ %) 0 = 4 40 R 109 9 AL R I, 3
400 J2,125 528 ATl s, B & #8 56 526 > A SCELVE 2 BR AT A 398 )= Marching Cube 503448 F (1) vtk VoxelModeller
E@%ﬁﬁ‘ﬁ%?’y(loo,100,100),1@4Eﬁyk%@ﬂv 0.1.

B 12(d)JE 7R T Lucy (AT Eb, 5 08 B b 58 241 932 AN T ki, AR vk 2 36 B M b 4l 200 J2,1 422 873
AT A AR5 354 AN A S S BrAE ] 198 J2 Marching Cube 5792:4# F 1 vtk VoxelModeller K FE4E & K

© TEBREEEEIEDT  htp/ www. jos. org. cn



kA FATREHBENEILEADEN 2687

(100,100,100), 14 H 1) 7K~ 4 0.1.

13 J@7n T AEAR R s IR s 300 R AR S0VE S Crust 2 10 T A 712047 I 52 38 X EE . Crust 57K A Delaunay
1R 5 VR AT 3R TH = A 300 43 h T R ST 56 1 M A9 1, b A 9 R R0V R S N T SC AR AH R B 13(a) BB 7R T 0 I 19 4
S UL 13(0) R T A (R E b 2 S AL &8 AN G L, AR SC 1R A3 v T LUAR B b g e 3 52 i) .

WA AT T SR TP AR T B T b, HLA AN T BB 0 IR B8 AN A TELARORSE, DRt A S BT AR v R AT B
FATRE 11 s B S F-3EAT T IFAT PRI AE AR T I SR UG SO 362 272 A4 s i N B0 2 JU s SC A P il B ) 200
FEEARCEBRAE A 198 2 50, A B 4 BRI A Ty )3 105 038 ANTH AL X SE IR AE AR B N I8 4T fR
115.905s, JE HATIE OL T I24TFH 2 469.707s.

(1) NS

@ *
AT
(ST}

(3) Marching
Cube L
LAET]

(a) Thai {4 (b) SR () Kiss (d) Lucy
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Fig.13 The comparison between our method and point-cloud method
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