%046 5 5B 3 M
2021 4F 3 /1

KBRS FE R YW

Geomatics and Information Science of Wuhan University

Vol.46 No.3
Mar. 2021

DOI:10.13203/j.whugis20190055  ElAE

XERS :1671-8860(2021)03-0434-08

O

AERIPPE 6 23 B 5 5 2 BB A F 2 56 & VH 5

o E E OB

L PR A 2 5 3 BEAR B 2 B, HO
2 MBS REH TS E TR A, Ol

22, 730070
2N, 730070

 EHANARALESTHZESFER,)EA S TR E X ZFTHFA, BT —F 24 536 % Howk 4
Fa By 37 % % ok (localized manifold harmonics, LMH) F F i+ A Z 4B A S e R A 2R A A st m % 289
#F ik, Bk, iEad B ey Laplace SE-F 6936 o MMk B3k &= A LMH B, 3 SRR ey 4 fe 838 45 1
KB B AR R I B S R R M gk B X R R, BRI AR S R
ARG EE X RE AT CHEERASE X ZAEZWRS, FREREYN, AR BE S L0
HHTEAFIH AT E T ARR G HRT LR AR M E T AEMOAET B X R, FE— A
Ly R A, fe A HkAnk R A LMH B 5 # 7 09 45 48 4% 3£ £F 00 o Laplace-Beltrami H 5 # 72 09 4%

FERE K FE F AL AR IR AR 0 R AE B b 3T SR A AT B K R e A
KEIW . F AR R £ & ;Laplace-Beltrami 55 ; By 38 7 5 #8 k ; By 38 F S we S5 30 - BE A o B BE A

HESES . P208 MERPR D A

T8 WA 52 > A5 Y (1] A 408 40 93 ot i) 7t 57
AT SRR 5 FR R — TR B A Al P AT
FELAEN . H B H MR TR 45 A A (dn5e
BRI 5 g B MR SR AR
SCHVEBE 5 A o X IO & 78 3 5 ALV 24 Fnit
SEALRLSE S5 S )z, A A 4y ) R AR
e R E A SE AL AL TR R gt
LRI BT 45

AR SCE AR R B B R L S R A A (] ) o
W FR o T 3D A% AR A 5 B BOHE SR 4R 1 ad 7
Hh S ATl Gt 2 DR s o I 2 Ok S Bk
HRCA = 2 A8 08 it /> 55 4 0 0 b A7 A LA, BF 5 0
35 0 5 AR Y R] Y 0 B G R Rt AR C O
o BUA 5 1 K 2 0 e N7 a5 B A A6 B G AR
SCHR L7 PR3 = A A58 1) %o 7 G 2R B9 [0) R Ak
VTS = A AR RERL b e O AR B TR {H
TR Y L B R 22 T A O AR T S ) e K s T
I S 18 BOR 2, S BOM R 6 & A fE i AR AR 1R AR
HRME . O T TR AZ ), SCHR8-10 7R R R 3
11 FE SCRFAE AR T , I R b 30 6 85 150 47 7 #r
W75 35 Wl A ELAE AL o SCERL 1T 38 H SR AT eR
o Sk B8 T SRR R [ Xk O AR T A b R

s HH#3:2019-10-28

PRI BT SR IR Y 5 [ A A R 1Y) o RS SR R B 3
T PR S 52 80 ¢ 13 X6 I 1 A AE ] £ 5 R 5 ke Sf
PR I0E 2ROk o 1 B Y ST JB S R AR B[] Xk
K F Y A ) 5 Ak Ay A58 A () R 45 It S [ 7Y
A, SR, Laplace 3 A% B J&— AN Rl ik
G35, R AR oR ORI R AE R A 1 2 S B
By JLAr A AME B o I Ah , B — db fif ] Laplace
B IR R IR AR IE B S R Bl T
TIEAT B 4 HRUAS ¥ ff 17 T 325 45 310 55 Sy JHLARL 4 % i
KFR o B, ARG AR IE 1 I (localized
manifold harmonics, LMH) & F , # #if 12 55 7115
B RY B R AR R AT R AR AR A 3R A 153 AR AR
H 5 R AE 10 5 5 AR 5, 38 5 4 AF (B AR AR ) 2 4
X R O R B T R A 2 3 AR T A R )
A5E R 5 3 AR AR [i] ) 6T DG R o

1 HEHRIE

HY T X S AR B R AR )Tz, = 4ER R [A]
Xt R 5C 2R R AE S B R TR A ST S B B A
I RN E AN RN PO J VSN i D R B R i L |
BAE 55 S TH IR R A REAE AR R AT o Sun 48R
T HA Z S R 0 I 4 4 4 8 4T (heat ker-

B BB M5 H SRR 34 (61862039) ; Hlt 4 RHE 11 (20TJR5RA429) .
E—EE HE W, B A S0, BN F TR B R A B M S B R G S T I ST . yangj@mail.lzjtu.cn



5546 5 3 40

M ZEAE AR RIPE TR0 T 5 e AR R B G R TR 435

nel signatures, HKS) , B8 % A7 21 X 7 5 B 1) ¢
FIE, P AR AR AR RA M R 1 N7 X W G &R o B HKS Xf
RS RO 1 728 A e B BURR, B BE AT 2803 IX 73 A
TR 5] Jey 50 A AE AR AL A SRR A Aubry F R T
W% % % (wave kernel signatures, WKS) f 1 2%,
I FRL 7~ BE it 9 AL < 0 A e I A W) S RS E Ry
I3 A KL o B WKS TE [\ — B 20 A [6] 431 32 1) 2% 1F
TR AR R2ZERN, BEE R
T AP LT HKS 5 WKS 1 il 4 557 F il 38 45
5 B — ff ] HKS 30 WKS F5AE 1 38 77 # 1, %57
DA )7 T A R OC R o (HR XA AE
Bl R FR A Bt L AR 2 VA AN RE A L v
B XTI D6 &R o BB Ak, Melzi & B0l T2 58 19
Laplace-Beltrami % 7, f% i} LMH 8+ H F 40 #7
ALY Jmy BB A5 B HIZ A R L T3 ik B il S
B, TGRSR ] Y X N7 G FR I A P 5 o
TEARAF B AL B 35 R A5 5, T DA 55450 A [
Y 0T I O R, bR AR R S B 0 R T AR SR B R ) —
WO . Kim SR T — R A WU Ok
5, TR A RLFN H AR AR B | 23 50l SR A 3R IBURR AR
FOEE & A AR P A SR U B AR B
[Fi) Fof 7 7 A A IR S5 0 R ORI AR s R L
T — A AT B AE 5 B SR o — S 0 R G &R Y AL
A OCHK . X IETE —E R B T R AL
X R 52 W0 X 7 G R TH B ), (H 35 AR A
Xt % . Ovsjanikov S48 H T bR B e 5 238
A5 95 A A Y ) T 5300 B G 28 I by A A
AN AU [A] (8 6 0 OC FR o % 0T BB O 2% 1 A5 AR )
N 5 B n) A Ak S N O FR R 5L (H
27 vk Ul T 58 AR R[] 1 0 i OC F& S X
I 43 55 AR 0 e A ARE AU ] Y X6 N DG FR AR U A R
AN o TR T — B R R LA
58 ] R o ok 3 B ASE Y [] o iy O 2R BB 5
A R[] X OC AR 1 ALl A Ak Ry S A AR AE R
BT R A Y R B 2 (] R RIS R % T TR AE
56 A AR ] f X R DG R T AR B A E &
SR T 53 A5 A 5 S RS ) X N G B Y IO
W 55 gt — DY R T A RESE Bl . Rodola
SEUCTAR U R S pR AR i S O i T AR A AL Y 58
HEAGERY 8 X8 WG FR 0 A A O =X 0 R S
S5 TH B TR AR AL 5 5E R A ) B R DL IE X
B BTy vE R T TRE R R, R EOHR
FE A A 22 TSR 0 Ak 1) 305 I O L 3Z007 R ORI
it TR T R 7S A RIS i) AR RIS e X R G R
IR A, Litany %85 & 7B #5k H

T AR T ) A8 25 X B OC FR Y T AL BRI T — A
3F PP S o3 A5 AU A 5 5 o8 R AR L Y DT IRC Rk
SR, 32 5 s SR AL I oL 55 B, 4 B4 7 A I
7 T R A EE BE OR I T A F
(3 R AR HEAT X B R ITH . Litany 55042
Jri ¥ PRS0 S 55 DT TC AR 45 B R AU 1Y Laplace-Bel-
trami 5. F (9 0% A 3 LX) A 46 (joint approximate
diagonalization, JAD) J5 ¥ 1 550 &8 43 £ 4 55 5¢ %
BERUE X B R . HiZ ko FHM A &
Xof R A T S0 5% DG T I R
ARSCAESCHR 18] My e hikk B4 i T —Fh s &
LMH 575 Ja ¥4 bR £l e 56 5 ik 1 H 5 38 40 15 AL
e RE LAY [A) X 0 G R AF R AR O vk . T IETE
29 4 DT E B B A A LMH 5 F 31380 5 0 o 45
Y FEAEAH 5 R AE 1] 5, AT S A b A R AR A Y )
FRARRAEAR B TR T AR B R 22 1, A B0 Bk
DEAR R AT R, Wl 2 X 0 O R 1Y A5 BE AR 2%, 5
TEB A AT 5 SE AR R[] X N G AR A R B

2 RF#EBmAE K (LMH)

SRR R i A B R TP T 4E R 2
ORI X FRRM, P i ES 2
P R B = AR B A DF 4 TR o FETRE XY
Jay ¥ A e B S L U JE 5 H N N R Y s ) B
T T X 2 R IR o Hovp, s [0 v i A3 AH 52 7B
I3 B IF R BRI VTN To U025 18] H iy A AR AT
WOB bR R RN () TeX X
TxX =R, AW iZ N BAT N2k

TE eGP X b E SC— A0 3 00X A
A, H Laplace-Beltrami 5.1 1] URFAE 500

Axvgi(2) =X, (2), x€int(X) (1)
Neumann i1 %t 26444

(Vigi(2).a(x)) =0, r€0X  (2)
X (1) .= (2)h, A HiaE X E ) Laplace-Beltra-
mif TV WRE X LB T n(a) BB
AL 0= A << A << -+ WAFIEMEL 1, @20 4,
FORWG L (D0 b)) = 0, F M DL IR 865050,

SR OXsF I ARE A B ST Y P R

XFTIE X, Laplace 5 1iF R BUE 11 1F 58 5&
e BR M B 3 3 (manifold harmonics, MH) . 4%
W E X TE Q #1 P, Ovsjanikov 25 4 B bR %L
B FR R 5 AT I OC R AR b, B GE T 4R R
BEH 5 H bp B[R] (1 R AR S OC R T: P~ Q it
SR A X NG R . SURERL Q 1Y R AF



436 ) G == T

2021 53 H

B — Q TETE Lk PR WL e 5
T =T 20/ $) b= (/) T¢, =

i=1

SIfe) (Tow) v, (3)

ij=1

Ah g} Sy} SEIRREIE PAIQ T

i=

A R B X I 5 2R B SR R A X
B 56 F A B CHINA A TTE ¢

SCHR[ 18]I Laplace 8 i1 5 # s AL
5 B TR 1] £ X 10 7 o RV Laplace 55 -5 —
A R A T AL L O A4 % 4 B R A
1 A8 0 02 A VW 9 155 8, O B 8 il 3
AR T X 8L B A O £ . M A L
place 55 F- V155t (1 45 AF 58055 45 A AR A 21
CAODIINE S SN IR k- © - F PN
AU R T W DR A SCHR H — o 9 5 T
AL Laplace B F #7115 .

OB R R B X I — e X8R
R(R S X), 45 & FE A BB 4 {1, pore b CHE AT
&4~ Laplace F:1F o M 1) , T F3EH — N7 F R
W OE B ARAE R B G (s v e
3 O L A e R A [ R

14

wlrvn%i{lwzex(l//,ﬂ)+/xkek(v/j) (4)
A, e, RN, HAE N 45 7 XU R B4 T AR
AL XA LAE s e (w;) R 2k A 50 5 Ak
RRE, TR m R B0 P M e (y) ROR G E
DX R X i AR pR A, TR R X
() JRs AR AL 25 2, ] S SCOR
e, ()= | ()1 —u(z))ydr  (5)
X ue0, 1] FRFEEEE : Y reRM, ulx)
=13 Y2 R}, u(x)=0,
2 (4) 7 [6) B 3 2 LR 9 A4S 28 5 2% 1 i A7
fift , FRIZ A% LMH™
<l//,»,l//j>X:5,;,,z\ j=1,2-k (6)
(W) =0, i=1,20k, j=1,2:# (7)
X (6) W HTIE X E W IE AR S R A 1,y oy,
() N B ARG 3 T BT Y BRI O, VE S S AR Y 2 PR A%
ﬁ‘,iﬁ(ﬂ%‘z%ﬁﬁ*%@ﬁ Vi, V’z"'W&LZ‘zﬁJ—_Ei:F
BB P b i)
T e 5K (4) SR fifp 2o 7 v 24 RS R i
B PR A SR AL 7 (4) AR AR R
— BT A K i i A

T
T

%I‘T!}zi'nm Z ¢ ( '//J)
E('/’J) —¢€ ('/’j) JF/,tksk(lllj) + e, ('/’j) (8)
EL('/’}) - ; <¢i9 l//j>x

K, FoRAE .

TE %P LMH 8+ #5147 ¥ AF 53 i i, 75 2 X0
LMH 8 F s Wb . 720 X, BUn A T A5
Xy, Tomee 2, VE R RAE A, IE AR 1 2 5 1 — A )
W(V, E, F), o, V={1, 2---n} F£ R M ¥ i T
MLE=FEUE, /xR Migryil. K 1R, g6
28 % 2R G B 9 3 L B, 4168 2% 5% 3201 I A% 114
AN E,, F 375 RS [T o

LMH 5 (% 25 #8542k 0 n><Xn 1 7 B 6 B
L=—A"'"Wox, Hi JEHEA HmHITR
LSO A R R A R A

3 wirr

ANk B WAL & 1 0 2
(cotai]- + cotﬁ[]) /2, ijEE,
(cote;)/2, GjEE,

al':

Wy = S = (9)
=i
0, HAth
mE 1) iR, a8, 50 M RoR AN ijk A H30 dj
F XTI R ikj S ki

LA

(a) WA G

(b) Shia s
[§1 Laplace - Beltrami % ¥ 75 = f 4% I 1Y & wfk

Fig.1 Discretization of the Laplace-Beltrami Operator on

a Triangular Mesh

X (8) 45 H i LMH B 7 #E47 B #ufe , B K
15 B ERAE 6] 4wy, oo ( LMH) PR S 371 i) 4 1
FEME W ER" Y LMH B 13150 AR5 AF 7] &
G5B RS 70k T(F) AT RR A

B3 h+E

T(f)=T 2<f7‘”4>}7w,,: 2<f’“’a>PTw,,:
v ij=1

Lv



5546 5 3 40

B ZEAE AERITE R Y S 5

b TR %) of B 6 R T 437

X, w5 w, 55 M FRRTEIE PR Q™A FEE 1)
it Hoce.e={@) U{Ww} nbwi
I B T A R M @ € R R A4
Laplace ¢ AiE 1] & @, ¢poee- @ (Hr HE 1 JE 38 U2 )
4 1 o

3 =k R B R ST

AL A LMH B 1) 5B ok B0 5 2 57 Y8
AR 55 [ BRAR A8 ] ) X6 W G R o

5 38 — A S BB MR — A~ B4 AR R N
Ha R AR AR N T RL A5 BE IR AR 5 3 4 M C M
T T8 A SR JE eR R w0 B 0 A A N K R B
AR M P ER M. M u(a) =10, zeM' J
BEARY N - [ 0060 B 5 58 S AR M e M B 05 s
Mou(2)=00f ,z€M =M/M', F£REH N
SRR AE R M E B2 MR A Y H AT X I MR
BY 0 o B A MR N 43 50 40 5% m Bl n S T,
M-S e NS, Hm=m—n., WK 2
L B 2(a) R F AN, B 2(b) #n 58 2L 5
T M, Horp 24838 5 3R M 5 34 R M.

(a) FBAM LY
P2 F oA 5 o B A
Fig.2 Partial Shape and Full Shape

(b) SEEEAETY

TR BN B M LMH 5
T IO R 045 GF 1 0 0,15 o, AR F 1]
S 90 4 1 3 S TR N5 5 AR MY S S I H
Pl B B(u)={b, ()} 5 u(a) 4 W09 4 P, I
b, (x) R

bi(0) = | u(@)o, (1w, (x)dr  (11)

J 4 B I35 X R 6 R T R OR S CH=B (u) , €
o IV 5 A

A% S0 R LA AR AL B 7 2R 5 6 R
e

min||CH — B(9(0))||, | + 00 (C)+ pyun(0)

(12)

A, mm”CH B(y(v)) H R Lo HE

0 Bk Ak 3 R 56 ZR AR W C vl B A I X R 2R
BomE AR IR MR AR IR EIMET 5 0..(C)
5 0 (0) 43 B 325 X I 96 Z2 42 ik A8 o 11 2
BRI BRI 43 A TR0 X R 5 A TR ek R ol 1) £ R R
B ﬁﬂw%rﬁ

7(v) = Oanh(Zv‘Arl)#fl) (13)

*Wﬂ‘ﬁﬂwﬁﬁfthv%%m%%ﬁﬂ

N 55 58 B R M rp g 56t 3 43 M
BB 43 AR AL X I 56 R A G

R LR R R

pw&v)uiswaVQOdﬁz (14)

RN Y

ﬁ¢#{a—jnumﬁm$ﬁﬁ%3%ﬁﬁ

BN 5 58 BEAGHL M (1 4 17
ﬁﬁ%%ﬁ%ﬂ&*%%%@ﬁmﬂu%

NN

0ue(O) =gl CoW |+ 3(C7C) +

i#j

w3)(c70),~a) (15)
K ]| Co W[ iy o” S Hadamard B, 2275 75
RV A8 9 R B g 33(C10),

wY((C70), — ) it €A T

P& bR B B R C R IS 5 1) i d=d(i=1,
2. R)WMAEH T CTC & At A o i A i 1 B E %
A e

Ry TR X I OG B TGRSR HERA T L A S
P& M0 TR B X N G R B C B 5 A B0 BB
AT e Al (1A e 45 2 C AR 5 v Be 8 31
B ORI X N R . BE CHl o W) IR
H:o=1(H m D 1M E),C=W., ik
BEIY N Coy Ry 1 Vo, I XSS IR F SIS

Co: % v'=20, min”CH *B(r](v*)) +

0o (C) B Hy R 0 % 7 5 46 5
R : MU SO RN CHEAT AL o
Vi C=CHlmin|| ¢ H-B(n(0)) | +

O part ('U) i+%: H:ll Vo

4 ETNESENEIOCRHEE

TEDEA RS I 5% 2 1 o 2, A SR AT 2 7 0



438 ER N

2021 53 H

i I Y B0 Ak A X A B A X R G 2R B
BEAT A o FH B0 B8 30 A6 T 53 Ry 3 e A ik
B R SR & A AR S B Y
A2 1] A IR L BE 2 T 8 & 2B 08 (2 P A TRl
TN b, B8 5 2 T o ASE TR SR D 1 AL I Y 3R DB A
FE BT, RO, AN Z B AR R /Y g, T LA
1) T o A 1 2 R

M4k A TR [A) ) 4R DE L ) 6 R C e
WA SHES Y N IALTE ] 3% i B G 1T S
4, T BUEE SR A =2 ]G b B O R
DC i [ R 4 4 Ak A 1 S5 /N A {1 4 1 3 3
M@, E£E5SHMESYRAAZES, HERS
N S S ES YR — ST, T
EAESHH M T EEEEES Y AWEN, T
W HAUE 3 B oo

AR B SR N B 4 Ry B e B A, B
ot FH A E % 25 S A DL B R . B LRI |
SR T 1 DG P 2 7 2 A A sl A B I, AR SO
T A5 15 2 B oA B0k A 7 A

1
Dcon(g) - g Zdrorr(sn Z])
(+1) (16)

do (s 1) = ;(2)\ Z(s.—s) — 2(5— 1)

S &R AT UG IS ST 5 e (510 2,) SR B BB — 4
St (s 2, I, % 4 J 06 725 3 5 2 SR 55,0 2,
G 2R AE 5 0 4 WRESIE 009 5 5 272 () 22 775 1 5 1] £
HoBE B . VSRR BV IR B RO =, W
24T & B0 T A 8 87 6 R 53 % (5,0 1) I i 45
PR 2 /IR S50F (s, 2, ) BR A ST A o 3 0o B0 O
W o T A5 5 X 526 A 48 %R R O e, e 2 R
Do, Wi S8, I B 10 25 52 & B0 Shy T R 9 B fE VT
R,

TE 38 5% (s, 1) o B0 W B 30008 0, 1, OF
RIEAT AR HHLE Co 1, LATEM T WA
D R, 7 LA 98 2R 5 P L R 7 R T IX 3 g
WL BERES N Y, M TFES YR iE AT
B0 B donCsiy 0,0 0 ST HE T AR IR 22 8045
S (s, ) B0 22 /NI 008 A7 5 40 AR 8% D I 3o
T 8 20 AT 0 0 0 A, (L BRI RSEJR0
23 R 5 T ) BT, 6t T 35 19 10 4T 6 B
I3 e, BIHE (s, 2, ) B4 (s, ), e s
FOR s IXFR L B T A R A (S
BT LS TT LA 2 (o

5 MMXRXESH

AR A S BOHE R T TOSCA B A 7 4 4%
N R By N E SRR S ) K S
S B, 43 BUE =100, k=60, = p, = 1, u; =
wa = 1000 7] DL B WL Hb sz Bt H AR TR i) ) X Rz
KR,

SEYe R, 43 ) ff FH Laplace - Beltrami 5 1
N LMH 5 F (A SR P M E# T TOSCA KR
HRORASE AR AR A | AR AR RN N A AR A5 S K A A
BB 43 (sl FLAR B ) AR RIS Y i) 6 I G 3R, 45
R 3~ 10 frn o B 3, 25 A 6] 5B 47 X 5
KR AEHA, X 7 B A ], B Z AN TA]

f

(a) TEREIRABLRY (b) SCHR[18]51%: (0) AICHE
P35 R ARARE R L I AR 2R 17 o o O R LA
Fig.3 Comparison of the Constructed Correspondence
Between the Full and the Holed Wolf Shapes

P

(a) SERRALAY (b) Wek Ja AR
(c) SCHR[18]51% (d) ASCHE

P4 SE R AR TR AR 73 ARASE TR B 368 B 56 AR EL AR
Fig.4 Comparison of the Constructed Correspondence

Between the Full and the Partial Wolf Shapes

[

(a) FERSIIETY (b) SCHR[18]5 1%

(c) ASCHL:
P15 58 He A AR 5 7 L IR 0 A5 Y ) o B O 2R LE 4K
Fig.5 Comparison of the Constructed Correspondence
Between the Full and the Holed Dog Shapes



546 F5 3

Mo FEAE AR I T 0 R 5 e B X S AR B 439

444

(a) FERSIETY (b) SCHR[181512: (c) A3CET%
6 e e o L 5 950 0 ) A8 AR A X I G AR LR

Fig.6 Comparison of the Constructed Correspondence

Between the Full and the Partial Dog Shapes

e

(a) SEHE MR (b) SCHR[18) 5% (¢) R3S
7 e R Eh AR 5 17 LR AR R ) of O O AR LL AR

Fig.7 Comparison of the Constructed Correspondence

Between the Full and the Holed Horse Shapes

(a) FERE LY (b) SCHR[18]5VE (c) AICELE
K8 5e 4 Eh R 5 oy Eh R HRL A X I 5G4
Fig.8 Comparison of the Constructed Correspondence

Between the Full and the Partial Horse Shapes

(a) FERN PR (c) AT

(b) SCRR[18151%

KO 52 B AR Y 57 AL IR A AACHRE L f) X 17 OC % L 4K

Fig.9 Comparison of the Constructed Correspondence
Between the Full and the Holed Man Shapes

Pl 3(a) 2y 52 B ARBEAL M, 18] 3(b) 2y SCHR[ 18]
B0 1 e el ) LT ) AR TR ) 6F O O AR, A 8
R 22 0] A 76 5 20 00 R 1 00 IO, 40 A iR L R 1
S5 P 5(b) A A R S L 12T 7 () rh I i) A i R LA
Lo P9 (b)) e N F JB ¥ R T8 o 349 7 7 8 R X o
AL AT LMH 8 7 19 5 # AR E , w] L
S o i 3R AR 11 =y B S, ) R S e e g

.

(o) A3CHE

(a) 5% NAR Y
RN CYNN RS NN R PO T - R

Fig.10 Comparison of the Constructed Correspondence

(b) SCHR[18]5i%

Between the Full and the Partial Man Shapes

J5 A SR RL ] ) X G 2R, O &5 G B T b R
B0 90O 0 AR SR AT T S VR A4 4SS Y R] X
KA WP 3(e) J5Ce) & 7(e) X 9Ce) From .

4 (a) o SE BRI M, 1B 4(b) S Tié e I 1)
TR 1] 4 () 2y SOk [ 18 5307k 4 4 1) 35 4 AR AL
TR oF O AR, AR B X B P R B e R A R
(] B (AR A 7 AR B R B XTI OE &R o Bl 6(b) R
3 H A5 L R AL P 8 () v i 43 b AR A iy IR A
A1 K P 10(h) rh AP ASE R Y % B 50 00 249 % 2 T 4
R X G R o AR SCAE R R OC R T AR ok
FHT 2 T 00 M B ) B0 AR SR i R R g B
X o e 3 A i R DG C R AT X BRI O 4, R B
b A TR T AZ DR, AR AT T B VR G X O AR S
B g R e 4(d) & 6(c) (K 8(e) K& 10(c)
Fis

e Ah A SCR 3 5 SCHR [ 18 58 125 119 45 B %
ZEPEATICR, MR LR o R 1 HUE 8 i
PN, BA AL
®1 AHEZINESRBEETERBEEHEIRENILER
Tab.1 Comparison of the Isometric Errors for Calculating

the Shape Correspondences Between Partial Shape and
Full Shape of Two Algorithms

. B
SCHR[18]5 ARICHTE
i FLIR AR ASE Y 0.098 724 0.087 807
I IR A A 0.137 226 0.116 253
‘it LA i A5 Y 0.042 952 0.034 749
o3 A A A 0.033 408 0.032 362
it LT A A 0.087 351 0.085 248
43 Eh A 0.087 298 0.069 958
GEIREPNES Rl 0.061 264 0.048 689
PN e 0.057 785 0.041 543

22 1 AR I A5 B 5 25 ] DL Al o AR AR ] X
FRMIEH R, oA, 5 Xk 18] L, A%
SCE R BT A B A A R (Bl LR A R ) 5



440 ER N

i BB R

lll
C

2021 53 H

8BS T B 0T N O AR BT 7 AR A A R 25 AT ]

W/ o DRI, A SO Rl 7 B T o 1 %
3‘%/\0
6 % &

TR TR] F) 6 0 O AR [ R T 5 BIL IRT IR =7
THRALAIL BE U — A HE A (] R, 17 08 0 AE 280
S8 BT 1) XoF i O AR B R — e R, G,
S SO P JR 08 O A7 3 D T SR S 58 A Y R o
A5 2R R R I A 5 R AT 1 5 L 3l 3 g R AR
Wl 555 14 5 R S R A A AR 5 A AR 4 49 i DE
B 5% 28 s fie e T 300 BE AU AR T 421 45 3
B Ay A 19 G 05 R 5 S8 AR AR 1 0F IO S AR

S A R AR W] AR SCHE D T AR [ X
KR A R 22l 0F O AR E A R AG B T 4R
o T AR SOM I B2 SR B A SR IR AT, B LLAE
Hay ot S AR I 2 [R] B 0 W OC AR )L O B AT
i o AN, Al T Sy — B B0 A AR X R G R () A
UnASE Y AR A B — BRIV G AR | R O DR 20 S 1 Y
T 3 A6 5 5 RS 2 (] B4 6 B O AR (AN [R] A 2
58 0[] (4 XF R O AR 4F O A A B Ak 2 0F 5T
[Fa)

& % X #

[1] VanKaick O, Zhang H, Hamarneh G, et al. A Sur-
vey on Shape Correspondence [J].

Graphics Forum, 2011, 30(6): 1 681-1 707

Computer

[2] Golovinskiy A, Funkhouser T. Consistent Segmen-
tation of 3D Models [J]. Computers and Graphics,
2009, 33(3): 262-269

[3] Kilian M, Mitra N J,
Modeling in Shape Space [J]. ACM Transactions
on Graphics, 2007, 26 (3) , DOI: 10.1145/
1276377. 1276457

[4] Schreiner J, Asirvatham A, Praun E, et al. Inter-

Pottmann H. Geometric

Surface Mapping[J]. ACM Transactions on Graphics,
2004, 23(3): 870-877

[5] Jain V, Zhang H. A Spectral Approach to Shape -
Based Retrieval of Articulated 3D Models[J]. Com-
puter-Aided Design, 2007, 39(5) : 398-407

[6] Raviv D, Bronstein A M, Bronstein M M, et al.
Equi-Affine Invariant Geometry for Shape Analysis
[J]. Journal of Mathematical Imaging and Vision,
2014, 50(1/2) : 144-163

[7] Sahillioglu Y, Yemez Y. Multiple Shape Correspon-
dence by Dynamic Programming [J].
Graphics Forum, 2015, 33(7): 121-130

Computer

[8]

[10]

[12]

[13]

[14]

[15]

[16]

[19]

Lipman Y, Funkhouser T. Mobius Voting for Sur-
face Correspondence [J]. ACM Transactions on
Graphics, 2009, 28(3), DOI: 10.1145/1576246.
1531378

Aigerman N, Poranne R, Lipman Y. Seamless Sur-
face Mappings[J]. ACM Transactions on Graphics,
2015, 34(4), DOI: 10. 1145/2766921

Aigerman N, Lipman Y. Hyperbolic Orbifold Tutte
Embeddings [J]. ACM Transaction on Graphics,
2016, 35(6) ,DOI: 10. 1145/1576246. 153137
Ovsjanikov M, Ben - Chen M, Solomon J, et al.
Functional Maps: A Flexible Representation of
Maps Between Shapes [J]. ACM Transactions on
Graphics, 2012, 31(4) , DOIL: 10.1145/1576246.
1531378

Sun J, Ovsjanikov M, Guibas L. A Concise and
Provably Informative Multi-scale Signature Based on
Heat Diffusion [J].
2009, 28(5): 1383-1392

Aubry M, Schlickewei U, Cremers D. The Wave

Computer Graphics Forum,

Kernel Signature: A Quantum Mechanical Approach
to Shape Analysis [C]. 2011 IEEE International
Conference on Computer Vision Workshops, Barce-
lona, Spain , 2011

Yang Jun, Yan Han, Wang Maozheng. Calculation
of Correspondences Between Three-Dimensional Iso-
metric Shapes with the Use of a Fused Feature De-
scriptor[J]. Jowrnal of Image and Graphics, 2016,
21(5): 628-635(# %, FIJE, FIRIE . Rl& R AR
IR AF 24 AR 3 4 S BE AT X R OC R AFRLLT]
FI 4 FIE2E4, 2016, 21(5): 628-635)

Melzt S, Rodola E, Castellani U, et al. Localized
Manifold Harmonics for Spectral Shape Analysis[J].
Computer Graphics Forum, 2018, 37(6): 20-34
Kim V, Lipman Y, Funkhouser T. Blended Intrin-
sic Maps [J]. ACM Transactions on Graphics,
2011, 30(4), DOI: 10.1145/2010324. 1964974
Yang Jun, Yan Han. An Algorithm for Calculating
Shape Correspondences Using Functional Maps by
Calibrating Base Matrix of 3D Shapes[J]. Geomatics
and Information Science of Wuhan University,
2018, 43(10): 1 518-1 525(k %, IF9€ . Mok =4
AT R R ¥ (147 R S0 S5 00 % 1 O FR S LT L 5
K2 A5 BRHEM, 2018, 43(10):1518-1 525)
Rodola E, Cosmo L, Bronstein M M, et al. Partial
Functional Correspondence [J]. Computer Graphics
Forum, 2017, 36(1): 222-236

Litany O, Bronstein A M, Bronstein M M, et al.
Non - rigid Puzzles [C].

Processing, Eurographics Association, Berlin, Ger-

Symposium on Geometry



55 46 55 3 1) M ZEAE AR RIPE TR0 T 5 e AR R B G R TR 441

many, 2016 Spectral Partial Shape Matching [J].  Computer
[20] Litany O, Rodola E, Bronstein A M, et al. Fully Graphics Forum, 2017, 36(2): 247-258

Non-rigid Shape Correspondence Between Partial Shape and Full Shape

YANG Jun' WANG Bo?

1 Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China
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Abstract: Objectives: Constructing meaningful correspondence between two or more models is a very im-
portant basic research work. Regards the calculation issue of the correspondence between the partial 3D iso-
metric shape and full shape, a new method for constructing the correspondence among shapes by computing
3D shape feature descriptors with partial functional map and localized manifold harmonics (LMH) operators
is proposed. Methods: Firstly, the LMH operator is generated by the spectral decomposition from the im-
proved Laplace and the feature descriptor of the shape is calculated. Secondly, the initial correspondence be-
tween the partial shape and the full shape is constructed by the partial functional map theory. Then the
dense correspondence between the partial shape and the full shape is iteratively calculated. Finally, the corre-
spondence can be optimized by the greedy algorithm till convergence.Results: Compared with the existing al-
gorithms in TOSCA dataset, the feature descriptors constructed by the LMH operator used in this paper
better reflects the intrinsic properties of some shapes than the feature descriptors constructed by Laplace-
Beltrami operators, and the calculated correspondences between full and partial shapes (some with holes)
are more accurate as well. Conclusions: The new operator generated by the local manifold harmonics and
the sparse correspondence calculated by the partial functional map method can be used to construct a more
accurate dense correspondence and therefore it can reduce the isometric error to some extent.

Key words: isometric shape; shape correspondence; Laplace-Beltrami operator; localized manifold har-

monics; partial functional map; partial shape; full shape
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