Computer Science and Application HE 1R} 5 M, 2026, 16(6), 343-355 Hans X
Published Online June 2026 in Hans. https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2026.166233

ETERASHHBRANMSMES LG E

kR, FEE
BERITE R AR R A, BsE BE/AST

Wk H . 20264F5 220 FHER: 20264F6H23H; &4 HI: 20264F6H30H

R

SRS EAR T EN BT BT LA 2R 2 8, 3 B bRk = 4 i T R B — 26 S 408,
R R T RE MR A BT A, THIARM AR DA R =AM SR, SRRASENTT RSB IF R R R
AR, EEREEXEA G ETREM. RERSENTTERBEEBRRO A, ARSI/
TERZRTE o 410 B —S B Tr I3 DSOS BEAR 5 55 THIAR R Y R A SCHR H — e T B A R I AT )
AR A PR SE T . ZT R0 B EIMIE ST AL B R B R A S B AR AR T AR 07 ik
KIREARSHAL AR . B8R A IR IS — A6 A 5 B2 I T 5 3 A R ARRAE, A i R UK B B 1 3
ARE. ARFTMELERNBEN, ARSI E RETHOZRBN T, ER—URAR TN
BRI RHEAT IR A R & & = AR AR S TR SRR RIS . KRERRY,
PR 5 EFE R 0 B E R R BT LARHMEROAREY b R 7E A RT3, THI AR B B B4 ) 2 T RIS BN
R FIPTHRR . ASONEERIT SRR RN SE WA, NMEERE. JLARAEN=4N
WSHEARME T —MTITRE. ZTERERTEAERRHVAREN =AM SELHE, HER
FAIMERY, HERITIE| AR M R SHEL R E A E— PR L

X 5in
=SB, WS, RHE, EMS

A Gaussian Curvature-Based Weight Fusion
Mesh Parameterization Method

Jiaran Tu, Yanjun Zhong

School of Mathematical Sciences Xinjiang Normal University, Urumgi Xinjiang

Received: May 22, 2026; accepted: June 23, 2026; published: June 30, 2026

Abstract

3D mesh parameterization is a fundamental problem in computer graphics and digital geometry
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processing. Its objective is to map a three-dimensional surface onto a two-dimensional parameter
domain while minimizing angular distortion, area distortion, and triangle flips. Traditional confor-
mal parameterization methods can effectively preserve local angular structures, but they tend to
produce area stretching in high-curvature regions. Area-preserving parameterization methods can
improve area distribution, but may introduce local shape deformation. To address the difficulty of
simultaneously preserving angles and areas using a single parameterization method, this paper
proposes a weighted fusion mesh parameterization method based on discrete curvature awareness.
The proposed method first obtains conformal parameterization coordinates by constructing a con-
formal energy function and area-preserving parameterization coordinates based on an iterative
stretching method. Then, an area-normalized angle defect is used to characterize the local curva-
ture features of vertices, and a curvature-driven adaptive fusion weight is constructed. To improve
the stability of the fusion result, the two parameterization results are aligned by a similarity trans-
formation. Under consistent boundary constraints, the interior vertices are weighted and fused, fol-
lowed by the use of oriented triangle area detection and a no-flip projection strategy to reduce local
triangle inversions. Experimental results show that the proposed method can achieve a relatively
stable trade-off among angular distortion, area distortion, and flip control on some models with
complex local geometric features. While preserving local shape features, the proposed method im-
proves area distribution and provides a feasible approach for low-complexity, geometry-aware 3D
mesh parameterization. This method is also applicable to the parameterization of triangular
meshes with complex local geometric features; however, further research is still needed for com-
plex topological models, adaptive cutting, and strict global bijectivity constraints.
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Table 1. Basic data of experimental models
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Bunny 31,006 61,463
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Face 17,157 34,144
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Igea 122,155 243,838
Lefthand 20,624 41,008
Maxplanck 48,270 96,214
Nefertiti 47,924 95,324
Pig 265 498
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Figure 1. Experimental models
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Table 2. Experimental results of the algorithm for constructing a conformal energy function
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Bunny 88 0.4743 2.7382 2.6519 18.4169
Camelhead 3 0.664 3.6191 2.7412 12.8266
Chineselion 56 0.9609 1.4809 2.6021 8.0729
Face 5019 0.371 1.176 2.8721 14.999
Femur 2880 0.2793 19.8212 2.9128 58.056
Igea 2 0.0258 1.9651 1.7538 5.8518
Lefthand 186 0.7493 4.8614 1.9926 31.6412
Maxplanck 7 0.0166 3.2627 1.9382 7.1003
Nefertiti 117 0.751 8.1232 2.1543 16.0181
Pig 12 0.2640 1.9079 2.1193 7.04861
Table 3. Experimental results of the proposed algorithm based on iterative stretching
3. BTIARAMMEESRER
HEIR 44 Bk M —mivsE PR P L T AR AR K S LA I KT AR IR AR
Bunny 0 0.5601 0.3318 2.1853 2.9191
Camelhead 16 0.5887 0.3953 1.7518 4.5435
Chineselion 0 0.4267 0.2782 2.1644 2.5834
Face 12 0.3689 0.22193 2.2869 2.6976
Femur 452 0.7250 3.321 2.8934 15.2963
Igea 0 0.3434 0.2848 1.8044 2.868
Lefthand 43 0.5052 2.3359 2.3358 7.7994
Maxplanck 4 0.4535 0.449 1.5745 3.0313
Nefertiti 29544 0.9357 4.3409 2.9307 18.4546
Pig 0 0.3825 0.3008 1.4401 1.54488
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Table 4. Experimental results of the proposed algorithm

% 4. RXFESRER
BERAH  BESAEE  FHMEWE  CPWEREE  ROUREWE  RKERNE

Bunny 0 0.3799 0.3652 1.0031 2.0414
Camelhead 0 0.5544 0.2916 1.9010 1.9071
Chineselion 0 0.6458 0.1918 2.2186 2.1248

Face 0 0.2061 1.2528 2.0742 2.5835

Femur 0 0.3784 4.786 2.9128 2.1946

Igea 0 0.6314 0.1512 1.7863 1.966
Lefthand 0 0.5186 2.9915 1.9915 9.5626
Maxplanck 0 0.6598 0.396 1.1173 3.0688
Nefertiti 44 0.6901 4.8318 1.9231 20.8471
Pig 0 0.3557 1.2718 1.7914 1.5292

IR 4 BB AT DAUE B AR SO VETE R 2 B0 T Be e G sk B A — AR R . 78 A AR 5 THT
ASCTTEFFARAE AR AR TR A7, XA G INER UM . BRSO EI A R — 1R A
A, TR A AR AR 2 WA T« ARSCJ772:4E Bunny. Camelhead. Face Fl Nefertiti 54578 [
13T BARBI A F FE R 22 o X U0 T30 43 Jm3 30 fh 28738 A BH S AR RY A ST ASE Y ) ot 2 Sk R i B A T
RS GG A FE AR . AR AR AR DT T, BAR IR AR VEAE P AR R 22 Bl B RS, #E
AL TTIRAE T ORI AR 22 77 TR AR o 1l 4 H0E vl DUE A SOOI s oK T A AR R 2235
KT EBEIE R TIERB ST, A KE, BTV R R IIR A T IEER B8 FBAE
KM IRZE, AR ZEMEIEIEEOR BTSRRI ORI AR DTV Re 08 PP I R 2, AAE
SRR 25 5 ML FE s AR SO kiE L th R AR SR B R AL B R, IR ORER, AR
FEANBR A s ) 2 B A T S R A TR R (1] 2).

AT SH T HEUERER MBI S T A5

Figure 2. Parameterization results of the bunny model
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