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Engineering In this article, an efficient method for finding the correspondence between 3D models containing dynamic and non-rigid
deformations is proposed, which uses the geometric features of the models. For this purpose, an intrinsic feature based on
Vol.12, No.1 geodesic distances of points is used and the effectiveness of the proposed method for matching three-dimensional shapes is
. shown. First, a set of landmarks (salient points or special points) are identified and selected by sampling the farthest point.
Spring and Summer 2025 Then, the feature matrix of the models is created based on the geodesic distance of the points of the 3D shapes from the
landmarks. In the following, a linear assignment problem is solved by applying the LAPJV algorithm, whose cost function
ISSN: 2322 — 3146 contains the feature matrix of the models. Conducting extensive tests on different models from the standard data set shows
X . the quantitative and qualitative superiority of the proposed method compared to other methods including approaches [48],
http:// jnsee.sut.ac.ir [50] and [60]. The results show that the proposed method achieves better results in accuracy and efficiency compared to the
methods [48], [50] and [60] on models with dynamic and non-rigid deformations and non-isometric cases.
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1. Short Introduction

Finding correspondence between 3D shapes is a fundamental task in geometric processing, with applications in shape
interpolation, reconstruction, and deformation transfer. Traditional methods, such as those relying on heat kernel signatures
or wave kernel maps, excel in isometric deformations but struggle with non-rigid, motional, and non-isometric changes due
to altered geodesic distances and computational complexity. This paper proposes an efficient approach using intrinsic
geometric features based on geodesic distances from salient points detected via farthest point sampling. The feature matrices
are matched through a linear assignment problem solved by the LAPJV algorithm, enhancing accuracy and efficiency.
Motivated by the need to address real-world challenges like severe pose variations and non-isometric deformations in standard
datasets, our method demonstrates superior quantitative and qualitative performance over existing techniques.

2. Proposed Work

The proposed method designs an efficient framework for 3D shape correspondence, comprising three key stages. First,
salient points are detected using farthest point sampling based on geodesic distances, approximated via average geodesic
distance (AGD) and Fast Marching algorithm, with 16 points selected to balance accuracy and computation. Second, feature
matrices are extracted by computing normalized geodesic distances from all vertices to these salient points, forming a robust
geometric descriptor. Third, correspondence is established by solving a linear assignment problem (LAP) using the LAPJV
algorithm, where the cost matrix derives from Euclidean differences between feature matrices, ensuring unique point-to-point
mappings with low complexity. Experimental evaluations were conducted on DT4D (non-rigid deformations) and SMAL
(non-isometric deformations) datasets, using MATLAB on a Core-i7 system. Quantitative results, based on geodesic error
curves, show the method achieves average geodesic errors of 0.071 on DT4D and 0.1718 on SMAL, outperforming baselines
(GDD [48], IDPC [50], and Zoom Out [60]). Area Under geodesic error Curve (AUC) exceed 85% on DT4D and 62% on
SMAL, with runtime around ~22 seconds per pair. Qualitative visualizations confirm superior matching in pose-variant and
species-differing (non-isometric) shapes. The findings highlight enhanced accuracy and efficiency for non-rigid, non-
isometric cases, attributed to intrinsic geodesic features and optimized assignment. Limitations include assumptions of
complete meshes and potential sensitivity to extreme outliers; future work will extend to partial/degraded shapes and integrate
post-processing for symmetry handling.

3. Conclusion

In this paper, an efficient method based on the LAPJV algorithm for linear assignment is proposed to establish unique
correspondences between points of 3D shapes using geodesic distance features from salient points. Evaluations on benchmark
datasets DT4D and SMAL demonstrate superior accuracy (lower average errors) compared to baselines (methods GDD [48],
IDPC [50], and Zoom Out [60]), alongside reduced computational complexity and faster runtime. Overall, the approach excels
in handling non-isometric deformations and pose variations.
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! Shape interpolation

2 Shape reconstruction
3 Texture transfer

4 Shape retrieval

5 Segmentation transfer
¢ 3D scan alignment

7 Deformation transfer
8 Symmetry detection

9 Change detection

10 Statistical modeling
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! Feature Matching Approaches
2 Sparse

* Dense

4 Landmark or Key points

5 Heat Kernel Signature

¢ Wave Kernel Maps
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! Laplace-Beltrami Operator

2 Hamiltonian Operator

3 Signature of Histograms of OrienTations (SHOT)
*# Geodesic Distance Descriptors
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23.

24.

25.

26.

27.
28.

29.
30.
31.
32.
33.
34.
35.

. #if !defined TRUE

. #define TRUE 1

. #endif

. #if !defined FALSE

. #define FALSE 0

. #endif

[k DATA TYPES #kiiiikkkokok
. typedef int boolean;

. #define B le5

. #define resolution le-4

sk TYPRS ks koo /

. typedef int Row;

. typedef int Col;

. typedef double Cost;

. Cost lap(int n,Cost **costofassign,Col *Rowsol,Row *Colsol,Cost *u,Cost *v)
A

. boolean unassign;

. Row 1, imin, numf = 0, prvnumf, f, i0, k, fRow, *pred, *fr;
. Col j,jl1,j2, endofp, last, low, up, *Collist, *match;

. Cost min, h, umin, usubmin, v2, *d;

. fr = new Row[n]; T a3l awads o Cassy 5 i

Collist =new Col[n]; // 3l jewess odd Sl cbs & s | 2ud
match =new Col[n];  // il Lewass (a5 &K oS Slads sl 3ol
d =new Cost[n]; 1o 585 36 55 s duwloes (5] ahuols e
pred = new Row[n]; 11 585 56 55 O g (&) slads Csdy juice
..aj.i‘_gaa:\:gtﬂﬁ\aj:ﬂﬂlf&f):@:)dii)l{x{&;ﬂ&fj
for (1=0;1<n;it++)
match[i] = 0;
O s oS - e
for (j =n-1;j>=0; j--)
{ min = costofassign[0][j]; imin = 0;
for 1=1;1i<n;it++)
if (costofassign[i][j] < min)
{ min = costofassign[i][j]; imin =i;}

v[j] = min;
if (++match[imin] == 1)

36.{ Rowsol[imin] = j; Colsol[j] = imin;}
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37. else
38. Colsol[j] =-1;}

sl Jlasl al> e

39. for (i=0;1<n;it+)
40. if (match[i] == 0)
41.  fr[numf++] =1;
42. else
43.  if (match[i] == 1)
44.  {jl =Rowsol[i]; min = B;
45. for j=0;) <n;j++)
46. if j !1=j1)
47. if (costofassign[i][j] - v[j] < min)
48. min = costofassign[i][j] - v[j]; v[j1] = v[j1] - min;

49. }
SR () SalS de

50. int loopent = 0;

51. do

52. { loopcnt++;k = 0; prvnumf = numf; numf = 0;

53. while (k < prvnumf)

54. {i=fr[k]; k++; umin = costofassign[i][0] - v[0]; j1 = O; usubmin = B;
55. for(=1;j<n;j+t)

56.  { h=costofassign[i][j] - V[j];

57. if (h <usubmin)

58. if (h >= umin)

59. { usubmin = h; j2 =j;}

60. else

61. { usubmin = umin; umin = h; j2 =j1; j1 =j;}
62. }

63. 10 = Colsol[j1];

64.  if (usubmin-umin> resolution)
65. v[j1]=v[j1] - (usubmin - umin);
66. else

67. if (10 >= 0)

68. {j1=j2;10 = Colsol[j2];}

69. Rowsol[i] =j1; Colsol[j1]=1;

70. if 10 >=0)

71. if (usubmin-umin>resolution)
72.  fr[--k] =10;

73.  else

74. fr[numf++] = 10;

75. }

76. }

77. while (loopcnt < 2);
wls jeeds gl (s gl 2lal SNl b s 5B

78. for (f = 0; f <numf; f++)

79. { fRow = fi[f];

80. for (j=0;j<n;j++)

81. {d[j] = costofassign[fRow][j] - v[j]; pred[j] = fRow; Collist[j] = j;}
82. low = 0; up = 0; unassign = FALSE;

83. do
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84. {

85. if (up ==low)

86. { last =low - 1; min = d[Collist[up++]];
87.  for (k=up; k <n; k++)

88. {j = Collist[k]; h=d[j];

89. if (h <= min)

90. {

91. if (h <min)

92. {up = low; min = h;}

93. Collist[k] = Collist[up]; Collistfup++] =j;}
94. }

95. for (k = low; k <up; k++)
96. if (Colsol[Collist[k]] < 0)
97. { endofp = Collist[k]; unassign = TRUE;break;}

98.
99. if (lunassign)
100. ¢
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101.  j1 = Collist[low]; low++; i = Colsol[j1]; h = costofassign[i][j1] - v[j1] - min;
102. for (k =up; k <n; k++)

103. {

104. j = Collist[k]; v2 = costofassign[i][j] - V[j] - h;

105. if (v2 <d[j])

106. {

107. pred[j] =1;

108. if (v2 == min)

109. if (Colsol[j] < 0)

110. { endofp = j; unassign = TRUE; break;}
111. else

112. { Collist[k] = Collist[up]; Collist[up++] =7j;}
113. dj] =v2;

114. }

115. }

116. }

117. }

118. while (lunassign);
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119. for (k = 0; k <= last; k++)

120. {
121.  j1 =Collist[k]; v[j1] = v[j1] + d[j1] - min;}
122. do

123. {i=pred[endofp]; Colsol[endofp] =i;j1 = endofp; endofp = Rowsol[i]; Rowsol[i] =j1;}
124. while (i !=fRow);
125.}

A 4 3B dawslons

126. Cost lapCost = 0;

127. for (i=0; 1 <n; i++)

128.{j = Rowsol[i]; u[i] = costofassign[i][j] - v[j]; lapCost = lapCost+costofassign[i][j];}
129. delete[] pred;delete[] fr;delete[] Collist;delete[] match;delete[] d;

130. return lapCost;}

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.1 Spring and Summer 2025 VPP Ol 5 5le o) olad VY 0,05 05 owilign 53 b o laailoln 4 L2



