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Abstract: In computer graphics, many modeling operations result in non—manifold surfaces. Although non—manifold surfaces have more com-
plex topological properties and a stronger geometric description capability, many mesh processing algorithms in the field of graphics, includ-
ing mesh simplification and subdivision, require the input meshes to possess the property of being two—manifold. Therefore, to ensure compati-
bility with existing graphics algorithms, this paper proposes a method for converting non—-manifold surfaces into geo—metrically similar mani-
fold topology structures. This method aims to bridge the gap between non—manifold mesh surfaces and traditional digital geometry processing
techniques. To demonstrate the universality of the algorithm framework , this paper applies it to three key application scenarios involving non—
manifold surfaces: including the computation of geodesic distance fields, mesh simplification and farthest point sampling. Through an in-
depth analysis of these application examples, the robustness and accuracy of the algorithm in different scenarios are verified. Experimental re-
sults demonstrate that the algorithm exhibits significant effectiveness in each application scenario, further confirming its potential in practical
applications.
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Fig.1 When observing a three—dimensional sphere in a 2—manifold
space, it exhibits locally plane-like characteristics
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(b)  Non—manifold point
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Fig.2 Common non—manifold structures on triangular mesh surfaces
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Fig.3 Non-manifold regions and non—-manifold edges on non-mani-
fold mesh
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Fig. 4 The winged—edge structure of a vertex on a triangular mesh
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Fig.5 The DLFL representation of a tetrahedron
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Fig. 6 Animproved DLFL representation of a non—manifold struc-
ture
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Fig.7 Converting a non—manifold mesh using double—covering meth
od
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Table 1 Comparison of results under different baseline models
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(b) Mesh 2: 8.2 K faces
(b)  MH%2: 82 KIf

(a) Mesh 1: 0.5 K faces
(a) P& 1: 0.5 K

(d) Mesh4: 47.1 K faces

(¢) PIKE3: 29.3 K (d) MHs4: 47.1 Kifj

Fig. 8 Non-manifold meshes with varying levels of complexity
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Fig. 9 Non-manifold meshes with different resolutions and Lo quali-
ty
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Fig. 10 The time and memory performance of the algorithm
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(b)  Geodesic path and field
(b)  MHbpEAE SEE Y

(a) Non-manifold strcuture

(a) RGBS
Fig. 11 Geodesic paths and distance fields on non—manifold meshes
using the VTP algorithm
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Fig. 12 Performance of the QEM algorithm applied directly to non—
manifold meshes and to converted meshes in non—manifold regions
E12 QEMHEZH#ZEATIFRMMEMELMIEM SFEERFEXE
Bz

43 WIZRRE

IR SRR A, 5% I 53K FF (Farthest Point Sam-
pling, FPS)JE—Fiff SRR 25U AT REASH0Y STAE
Moenning % 25 5 16 R FEAOME SR R B ih w1 7F
YRS+ i 8 R A IR AR AR R A X P B A
SRAF s R 28 ) A R T B R AL B T s A K s [
(VA A SR A 7 i DX % 7 11 e A IR ) 1 TR o
17 g T 4 R B2 5 R R S AR DL 2 4, 22 X IR T
X TS A ) T TR 3 A8 1 22 0T BRI N ) e S
5 (5 ST PN A TLART A 8 ) R R PR . TR,
FEK AR , fe izt i 18 507 T 22 8 BT iy TS L .

TEARFEA 1T Sl 452 4 7 A5 SR A 23 18 2K
SRR SR, A B T A SCH HR A T8 il v e 45t
S BEMSAEAR UL AR il T LTS I R B 8. T
TR, ] DU B LA R 2P SR T it s R i 7

Step : it [y P A7 T, , 8 5 B AT e KBS {E A T v



100 - L QRO |

2025 4

Step2: LATH s v 4 S 275 a5, 507 oAb i A7 T 6 Ay BB
B, PR T B U R T

Step3: 105 Y HTRAE M vo Ky O R A A B 2
B H T Bbr ;A ARk BARECE , R [ Step1 4422 04T ;
A Ok HbRglcar , W25k

K13 SRR T RS A S AR TR A% it - 47 Bt
FURAE R 3004 S AP A 745 5

Fig. 13 Farthest point sampling on non—-manifold meshes using the

double covering strategy
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