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Survey on Shape Descriptors Based on Spectral Analysis for Non-rigid 3D Shape Matching
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Abstract: The shape descriptors based on spectral analysis have achieved good matching results in 3D non-rigid shape matching, which
have attracted wide attention of researchers. Spectral analysis is an intrinsic shape analysis method based on spectral decomposition of
Laplace-Beltrami operator on manifold, including spectral shape descriptors and spectral distance distribution functions, which have
different mathematical properties and physical meanings. Based on two different types of shape descriptors, this paper gives a detailed

method analysis and its application in shape matching. Firstly, this paper provides a 3D non-rigid shape matching framework by applying
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the shape descriptors based on spectral analysis, and the basic ideas and calculation methods of several commonly used spectral shape
descriptors and spectral distance distribution functions are introduced. Secondly, this paper analyzes and compares the advantages and
disadvantages of these methods and their application scenarios and provides reference for researchers to choose shape descriptors based
on spectral analysis. Finally, the robustness, time consumption, and non-rigid matching performances of different shape descriptors based
on spectral analysis are compared through experiments to promote the application process of shape descriptors based on spectral analysis.

Key words: non-rigid 3D shape matching; spectral analysis; Laplace-Beltrami operator; spectral shape descriptor; spectral distance

distribution function; discretization calculation
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Fig.1 Five distances defined in shape distribution
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Fig.2 Diagram of Reeb graph and skeleton with different shapes
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Fig.3 Non-rigid shape matching framework using spectral analysis
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Fig.4 Diagram of a vertex v; on a triangular mesh
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Fig.5 Diagram of heat kernel function for a small fixed ¢ on the hand, Homer, and trim-star
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Table 2 Robustness levels of several spectral shape descriptors under different transformations
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Fig.10 Part of the shapes of SHREC 2015 database
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Fig.11 Non-rigid shape matching using heat kernel signature under different time ¢ (shape: david 1 & david 10)
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Fig.12 Non-rigid shape matching using wave kernel signature under different energy scale ey
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Fig.13 Compared with GPS, HKS, BS, WKS robustness in isometric, sampling, cave, noise
and topological changes (+=3.0, Anum=100, e199)
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Fig.14 Non-rigid shape matching using GPS, HKS, BS, WKS (shape: cat 0 & cat 1, /=3.0, Anum=100, e190)
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Table 3 Time-consuming of non-rigid shape matching using spectral shape descriptors

=3 NI TR IR AT HEAT AR I TR DG B i FE 2 I [R)

IS} 1] (s)
JEAR A BR (m: SCAE K /N)  Centuar (m=1722k)  Cat (m=3094k)  Vitoria (m=5106k)  David (m=5888k)
GPS 36.687 65.933 101.482 121.088
HKS 28.201 48.841 83.918 106.241
BS 36.665 64.636 101.269 120.789
WKS 48.893 79.364 123.798 145.116

Table 4 Non-rigid shape matching using spectral shape descriptors

=4 NIRRT BEAT AR KIE AR DL S

Corr2
FEAR A FR(m: AR/ Centuar (m=1722k)  Cat (m=3094k)  Vitoria (m=5106k)  David (m=5888k)
GPS 0.863 0 0.864 1 0.861 1 0.8556
HKS 0.877 0 0.869 1 0.857 4 0.852 4
BS 0.907 5 0.907 8 0.907 9 0.9015
WKS 0.931 4 0.9191 0.917 4 0.915 3

4.3 EREE S T = 4RI MRS IR PUED L 4G

50T B 29 43 A R BT DL A AN [R50 IR TR, BT TR R AR R NI AR Ak, i B 2 A 28 43 At 34 22 )
BN T LU S UG R TR OIR A 3 B B4 A EAT S AEAERIPE R DT LTS 15 2 v Bk RO G B
TOSCA 2010 "5 %211 centuar0 F centuarl)(¥) 4 Fi i 2§ 43 4ii:CD,HDD,BD, WKD, % H i #F 25 #2673 A1 (4
T B o A BB AT, JCVE G HH 28 i, W TR A 45 1 43 A MR 3R /N T 451 0.1 19 43 A B L sg), T AR 00 A ]
15 4% i, centuar0 Fll centuar] ft] WKD MEZ& /3 A7 a4 — 0300 WKD A5 K 4 100k ff UG e v, 38 3 B centuar0
H centual [f] WKS {EXF N, 0] LUR I FH WKD HER A AR X 7 NS IS 4 4085 EidAH R, BD %
SR A A R 3 — B ABLZE X 20 AR N I i BB 0 5 JBB B DX FE AN K, S 43037 AT AR R BB, CD W28 4 A s o 25
Fl, 0T GPS X R a1 R R A, 2B CD A Z 5, B P 2 N E5 A B8 X 23 i g A0 8 HDD M 2643 A 5 44
A BB AR 28 R AR, TG IR 4320 N T 4D i TR J AL TR £, 0T T J0 350 40 4 20 i 355 2

W 10 RS SRV A, JUA 1S B 25 50 A1 bR AR SR B TR W3R SN 4 Rk TR AR I8 FF AT AR W2 =
YERARVC L I 25 M2 B O(n),n g = HEFRAR FRFE BN 508 T B AR R TR S AR [R5 A2 4R 5 A o
HCHEAT VU EC A VGG B, S 560 v, oA T B R B — Sk TR [ D B PR AT TR A T A5 — b TR I e 2 R B2 4 A1 B 3
[ G R BI04 29 = 2k A I R UG B 1 D PC S8 (R — o PR (R0 AARLEE ), 45 SR L3R 6. LU S FH 33 FEE AR 31 38 5 AT
TE IR UG T, A FH 3% 125 0 A 5 AT DR VS T IR, T 5 T 0K 14D WG PR 5 0  2  Ji BRI 2 I D 4 B 20 A1 EAT T R
VG o) AN 25 R T AR 0 5 350 40 71 DG T, 45 38 09 2 — SoF AR (¥ 4 JR D TC &% SR K1 abt, A LU 1 33 TR bR 3R 745, 3% B 3 4
A R HUAEEAT = 4 AR R TR E I T8 55 5 48— X TR (o055 B i B ek B e, B 3 ) S| I TR IR 3 A DL .
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Fig.15 Distribution function of four spectral distances for non-rigid shapes using matching
(shape: centaur 0 & centua 1)

Kl 15 4 Bl 25 43 A1 bR 0847 JE NI FE AR PEC (shape: centaur 0 & centua 1)

Table 5 Time-consuming of non-rigid shape matching using the

distribution function of four spectral distances

5 NHI 4 BB AT R B AT A MR T AR UG BE T A 2 I 1]

A (s)
JEAR A FR(m: 3K/ Centuar (m=1722k)  Cat (m=3094k)  Vitoria (m=5106k)  David (m=5888k)
CDD 836.523 3365.75 4719.546 5136.651
HDD 805.749 3013.22 4786.671 5106.334
BD 836.451 3464.73 4701.269 5120.755
WKD 868.342 3521.323 4 723.656 5 135.446

Table 6 Non-rigid shape matching using the distribution function of four spectral distances

6 I 4 RS A B BT AR R T AR T T

Corr2
AR L TR (m: CAFK/N)  Centuar (m=1722k)  Cat (m=3094k)  Vitoria (m=5106k)  David (m=5888k)
CDD 0.986 3 0.987 6 0.989 5 0.982 4
HDD 0.992 8 0.993 9 0.994 1 0.995 2
BD 0.995 6 0.995 8 0.9959 0.997 1
WKD 0.997 4 0.997 1 0.997 9 0.998 5

GE AR 3 AN 5 BATRT LA N P TR AR A8 8 5 JEAT TR UG IS IR 4 B ) A2 27 R
P 5 3 ATT R D IRF ) 552 2% ARG, DR R TSR TR AT 3 R TR P 2 2 R 20 85 22 1) IF TR R oy 26 %2 11 %
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SiE Ak 4 MR 6 TATHT LU Y, BT AR F0 38 75 1EAT FEAR UG C IR, Bl A T2 DR RIS BT 1 o, 7B 4 ) LG I 2 s Al
WAL S 2z, N2 3% B 125 A bR B0 AT TR UK DG IR IR B TR DR K /I R 8 T, T2 U 8 DG P PS8 2 s ol i v DAL 4 =24 TR
BEORI FEAR (KD = A1 A% T 2t 23 8900, 3 BURAT: 5 10035 T DR A0 38 1 (1 v S35 KK, B AR AR UL L JE 5 e
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Fig.16 Thermodynamic diagram of non-rigid 3D shape matching using four spectral distances
based on SHREC 2015 database
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1 S B S 560 AR SR BB AR B T 2 5GBD YRR HL IR T IR 14 SR R0 A R JE Ak, BN 1 T S 40 o,
WKD L {56 1 38 TR 1) Jm) 38 e 1, S RE At ik TR 10 4 J Jag P, I W AR 3 Ay 3 ot P 25 73 A1 R 40, WKD B K5
Y b5 B AN R 2 HE IR, 6 T male0,male13 Fl1 malel6 (X 43 K.

X7 ANMHE 16 185 RUEAT A FZRIENIE =40 R I A AE R, L P e RS 16 45 3402

Table 7 Precision ratio of 3D Non-rigid shape retrieval using the distribution function of

four spectral distances based on SHREC 2015 database
F 7 T SHREC 2015 Hifi 4, N H] 4 il B 25 3 A7 08 BdEAT NI PE = i TR R A v e

L2 i
"~ = . Female . Male_body | o
JEIR4FR | Centuar | Ants | Gorilla | Male 0 thin Male 13 | Dog | Male 16 | Plies builder SE TR UE R
CDD 1.0 1.0 0.9 0.5 1.0 0.4 0.8 0.5 0.9 0.9 0.79
HDD 0.9 0.8 1.0 0.8 0.6 0.6 0.5 0.5 1.0 0.5 0.72
BD 1.0 0.9 1.0 0.5 1.0 0.5 0.6 0.5 1.0 1.0 0.80
WKD 1.0 0.9 0.6 0.9 1.0 0.6 1.0 0.6 1.0 1.0 0.86
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