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Abstract  Non-rigid point set registration is fundamental research in computer vision and pattern
recognition. The current popular non-rigid point set registration algorithms cannot accurately
estimate correspondences between two point sets with lots of outliers, noises, occlusion, rotation,
and large deformation. In this paper, we alternately perform correspondence estimation and
transformation updating to gradually recover correspondences. In the correspondence estimation,
we first construct a variational Bayes hierarchical probability model (VBHPM) based on a finite
student-t distribution latent mixture model ( TLMM) and divide it into the correspondence
estimation component and outlier aggregation component, which are respectively used to estimate
correspondences and to cluster outliers. Meanwhile, the Bayesian linear regression is used to

resist noises. Besides, we add the prior distribution of Dirichlet to dynamically adjust the mixture
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proportion, and assign a smaller mixture proportion to the points with occlusion to maintain the
structural integrity of the point set. In the transformation updating, we iteratively update model
parameters based on the variational Bayes(VB) framework and propose the tree-structured
mean-field to maintain dependencies among parameters, to obtain a tighter variational lower
bound. In addition, an adaptive global-local constraint strategy is proposed to maintain the structural
stability of point set, resist deformation and rotation and realize the local-global constraint
process. Finally, we adopt the two-stage prior annealing schedule where the prior distribution of
Gamma is used to dynamically adjust the precision in the annealing to implement the coarse-to-fine
registration. In the experiment, the performance of VBHPM is tested, and the registration
results in point set and image registration demonstrate that VBHPM can achieve accurate
registration results and higher precision compared with thirteen state-of-the-art algorithms.

Keywords  non-rigid point set registration; variational Bayes hierarchical probability model;

Bayesian linear regression; tree-structured mean-field; adaptive global-local constraint strategy;

two-stage prior annealing schedule
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Fy 3 VBHPM 4 H 43 g % Rz 56 2 3F Ak 4114 g
FERR A AN A TLMM IR & 48 s 88 A A R R
JIE R 45 1) SV D 7 22 B . AT L 7 6T B 56 AR DA 4
B RSOl B Gamma 23 A 4R & 43 5 1) 2 38 iF
AT 2SR R HE BT 25 B A [ i A DU ek 3 [m] 0 ok

T S 5 @ AR SCRE AR M A A E v 1) AU A6 A 48
FRAEIYC A TR R K T A B 2 BOMS BEBEE N AT G
B Y BEALAZ 28 - [R] B 5] A9 78 22 R i ik R AR S TR
AR 3 ] A 08 OGRS AR SORE AR R 3 4
Jay 14 3 5 T B AEUHT R SR A R M 27 Dyl S e B 4
I Sl 10 2 [ e 46 R R0 a1 i AR Y HE BR A
QTE VB HEZL T R I Sc 56 7 A 9 15 2 HmT LU 20k
G H AR T RO AR I e v Y JR 350 e AL ik ) L b R AR
SCR R R 45 K ~F- 249 373 DR 03 A 05 16 R DR 45 i B0
AL R 2 S A] M OC 2% L DLARAT B SR B A8 40 1

Qo o @ v,
®

=1,/

(g @
I=L+1,..L+L,

3 3R W A e T o T OO 3 ] A

3 2 R A A 5 BB LA IR T AR R S AR
e e 2o A v RS AL 25 4 e S0 O RN O R PEAG 4L
(ROKG BE TR 98 1 a5 4 T AOR X B O 2R 1 1Al
[l s @ 28 (Al G 4 R B T hy X B 6 R P4k 41 14 1 3
B, IS EERE A MEm LRSS B 4
B @ B HE AR A AL R I X FOR B A 4y 0 45 4l
RAEHAFEMRE T OMBATEE: @ M Jy 2248 &
fAERNE B AR © R K 8o RN
m o F g RS R B AR SR E TR S 4
1A .

£ L VBHPM S8 M REH/ 0= (K, M,
N.A, X.Tor, T 1 AEFEX G P S B M=

7 L+L,

SISVl BN =SS 40 B F R 54 5 B

MEA AR C R, R )Z R R KR, H
b i B MR S B I B R p(Y .0 RIR Ny
pY.®=pY|@p(M|K)p(X)p(I)p(N|K) X
(TP pA) p(K ) p() (5
2.2.2 DLk e
T AR H bR e A AR A AR bR B KL TR
B AR T A M i sR AL T A s AR e v i 72
B A a H T AR IR R E AT A A B 4 TR
R A BRI X B bR s Y AT R .
APAS SO A T DU i 7 2 P ] 05 o8 Xof 58 e AR 2R A7 8l IS

z=11=L+1
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3BT 11 [+) B ARG R 75 T 3.

A% SCORE AR I A A BC o TR) 8 @ B VBHPM
AL TN S Bl T 1) 20, B T4k — A fe A 09 2 [|) 7%
ek E T A3 PRAE AR p (Y| ED e KA. 25 8] % 4
BRI T R 5 B v A0 A S 3 H AR 2R 0 s ]
AR e LA ) B e eR AN

T(E)=AE+BG (6)
SE(6) v, 25 ) 5% e oR B T 3R 7Ry 41 5 4 o
AE FIAEL M 40550 BG A i e K. Ko A 2
d X (d 1) 4E W 07 % 45 2 B0 [ L 42 o I R 4
AT WeHE . V- 78 S5 47 S e e OF HOZHEFERY 26 d+1 5]
SRR AR N N STRC IR Ok e N
if 45 [] (Reproducing Kernel Hilbert Space, faj #7
RKHS) ok 7% s SR M AR RMIME T 28 . Horh d X Z 4
SR FE B 25 848 18 4L s %X G (Gaussian Radius
Basis Function, fij 8 GRBF) ) & 0. 2455 [a] 15 2 2
BT wids Ry 4 20 C6) B T 4% fe te 19 23 18] 5% 46 R
B 5] R 5 Z BRI A A B Ak TR L
T AETC HE R TR e T B e 30T R A X S B T A R e A

P AR SCHE T DT o Sy 28 P (] U B L 7 s ) 5 6 o 50
FIEINT I7 2R f T d R Y (E T e R
1 = ) B e K T BB s 2 (7).

L
P(TEN=]] N(TCe)|Ae, +BG,f ) (D)
=1

2.2.3 AT IR A

7 DU 37 3 B S 00 B T R O A
JE U0 RN 5 50 A R R T IR o A . AR s 2 )
Aii 1) 56 5 15 B 4 Dirichlet 43 43t i, A& SCR
Dirichlet 43 i fERIR A W] o 955005 8. 2 &
5 VBHPM w9 X I ¢ & PF- Al 41 14 Feg B i R A
HAFHIR A LB, Sy X R OC 2 Bk 2R 1Y 50 B A/ Y
TR A PO LA DR 5 A 4R T8 45 1 110 B2 1 ol 4 7 IC 14
T e PR O A B 4

LR P RAHH » RS HES RN
ao i Dirichlet 5572 Ai D (x| a) W, FE R K
VS B SR TR A« A B GBI R
MHARAE TS LA TLMM s ik, 5T 1.5
NWEEF 0. f8 A K AR F R IT

L+L,

p(K\rr):Hn'ff’
=1

= AR EH
T kAR F AR T R AL B A SR R e AL i
7R U2 410l N N 5 E B e A
AR AR 32 37 AL AL L 52 5 S 0 A b T AR TR

(8

2.3

A5 RE N T RSUf My R AT 4 [ A 0 R O o A K A AR
V) F1) — — 3 BV 5 2R 5 ¥ B 7 25 () A Joe 3k R o o 4
PR et AL p 35 I 1 ) A AR SCHR R T A 4 S -
Jei 8 240 S SR s AR R B S 56 3 K Ty 8k S Ry
B 4 Joy Y 249 o 3 R A bl R 30K A o A
2.3.1 JEF VBREZ MR350 B

ASCHET VB HEGLR FI S E R IR B 58 5
55 o3 A LAskE G B bR J7 B2 Ba A R 3 S 0 [R) B 4
TR 35 3 R 2 G il T 1k AR A 2 5] A O D%
2, LIRS S BN AR 43 A

A5 o3 DU 1T 5 56 30 A0 7 1% 02 48 FH 2 30 o o
A3 1) 2 B0k S L SR 4 Ak B IS 58 4y
A7 3K e /N A3 A ] 25 57 1) R 46 Oy B R AL ) 56 (]
R I A S 58 A3 A R R S ECEE L Lk e B BR
PR AL I 72 P B AR BB e I A 45 20O i i 2 4%
PFHER B Inp(Y I E) 2S5 Z R iy 152 )5
354347 -t ELBO A1 KL #5088 A8 fin 4 A%
Inp(Y|E)=L (¢(®,Y)+KL(g(® | p(O]Y)) (9
H , ELBO /RN

L(q(@),Y>:Jq@)[lnp(Y,@)—1nq(@>]d@ (10)

LD, L PEFR IS T A H AR B hAg, %
KAOHFM p(Y.0) & HIs SEMSE A R
. A AD R — £ %] VBEM A #E,
AT R EL £ AS T8 T 0 S A% R R R0 A AR R
.S (@ MESEL G R A6 p(Y,0) [ i
RLE 28 i 4 R, KL 0B 720 7 A8 /. 24 KL HUBE #a ik
F 0 W), 25 (8] % 40 J5 09 U 5 5 B bR s 4 B KRR
JEH A . VBEM B AUK M ELBO & KA 122 3R E R
.
¢"H(S) =argmaxL(q(S),q"(S).Y),
¢ (S =argmaxL(g""(S).q(S).Y) (1D
o, g R T 0 IS A LS B WE 2, S IR
S AN A AR A AL AKUOR AR B rp i AR SR AR
g3 R 1 ARSR AR A5 728 8 1 AR 43 U B HE . AR
P 1l 3 v iy )2 UROHE 36 PRl B AR G Bl — A AR 1 ) i
O3 AT T R A LA AR e A I5E S R B, R Uk
SRR AR 1 ) 3 AL 36 A3 A A A 23R AL T 5 R
AT JEBE b A A AR 5 S, Ak TR H b
FEa A Jmy 8 e A i
SRR IR 70 B B ofe (R 2 B UL R S 8
O3 FR T TR ARYE Y 5 B . S EUC B AT 43 AR
FZS B0 7 AH e i T 3Kl 3 10 G 2 %5 A TR T
SR B AR A I T Ak DA P A A R R
PR Sk 0 BB 1 ) A58, Z0 W 1 A8 i ) A I G R
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S G R M S BRI R — e E RN
fiff BRI A ] 0, AR SCHE T — Fh 3R T VB AE 42 1
ROV 38937 B 203 it O 125 o8 A 4R A o T AR M OG R
FIRUWTF

L
9@ =q(®q(T g ] glm. [k.)q(I) X
[=1
L+L,

1T a1k gCx DgAD (12)

=L+
X A2, A K 35X 96 & BEAG 4148 A
B RA A MBS M N, 13 Al
ADH M F N 53 HESHCN w Mo 1 Gamma B
B, HZ80 u Mo a8 .

L
p(mz,\k:,)zg(m:, %,%) (13)

k,,
p(nz,\k:,):g(n:, %,%) (14)

2.3.2 DL AR - R ER L AR

ASCEE T B 3 N A2 R - SR v 4 ROSR AR BRI
IEAXAR F Bl 9 A 2 1) e e ok B 4 SR AR R 2 R
TE Al 5 B e 40 s O IR A S H bR A A
1 AR BLAE o DATIT 52 3R Sy 788 381 4 Jg 11 249 R ied 7

TE U AT AR 25 0] e 4t iod A o 2 A2 L IE 5% A )
o 75 A5 (1) B — 1% 25 4 249 SRR 280, O T A R v 1
TR B SR M AT 5 M A B B T 45 A B R E
ARSCHE T — Tl G N 2 SRy - R 0 4 A 24 TR SR s A
S R R B T R 29 R . 45 X (15) P g S 8
exp(I') Ml exp (1/T) 53 51 h 42 iy 454 290K F Hil )
TREEAG 2 (4 E AT A AR R L RS L T Bl
A R R SRR A g 4 T 22 S 1 A AT 39 O e e
b 2SR 114 T M 0 R AT B3 AT S B SR 3 B 42
Ry 2 A .

E(T)=In

exp(1/I')
F+ 5 1

*9} (15)

[exp(['[)

(D) &R 45 2R, 2 T8 3 — B HE (Motion
Coherent Theory, fai #r MCT)"2%) | 2% [a] {7 ‘B B8 41 &
(14 55 12 Bl AR — B0, g i o AR IR — 3
iz gl 75 ) R R SRR S B R . ARk
A AR WM TR 78 B R R BE i B I 08 Bl — BobE 4 )
RE W 30 1 A £F & 5 58 K32 3l J5 [l 19 55 D2 7% 5l
B2 B — Y 42 Jry 45 A0 29 o 1 A3 25 BHLAS 546 Y
RUCHER. 2REWARI Tr(B'GB)HE) Tr()
ARFE FE Y. B 2 = 2 m 5Lk 8 G, (E) =

exp (g e, |2 ) WU,

(2) Ry a4 K 2 3. 25 e A A M T A2 BOR R
JRE T8 g Pk i 1) ) SRy PR 4 A L 4 S 45 4 B o A

TEWC HERT I o 2 0 A 1 A 1A 7 I 25 3R 2R b0
AL T LA R AR Jm 3 B ) 25 4 25 S 30k 0 3L R
I i 4 B B . AR SCAE i A JRy 5 45 48 24 R (Local
Structure preservation, fAj #g LSC)P? 3k 7 /Mb S &
Je S B3 (B A 25 4 22 S o DA PR A X L 6 JR) 5 45+ 1) A
U T FC eSS SRR HERTPE. R 4 Brs . LSC
I 58 1 0T 55 T A R SR 0 445 4 DA A A5 B A 55 11 JR
B oEfy 22 8N, LSC FEoR 2% (16).

LSC(T) = | x(X)—x(T(Y)) |?=Tr(OO")(16)
XY 43 B35 R B 1) B bR 2 4 R R S 4 (o)
KRR T Y5 X g A, e
S K ASHIAE S X R 45 R TR R

r(e)=>Q T OfEXHFEFRERO=(QF —

KD X— (@' — KD (AY +BG). 4 [ @ F T vk it
BB A SRIEN K N AEERMAR LG =
exp(— g~ [P/ 0 o AT Jo B o i K A 0
2 Tl B3 4

Pl 4 Jryls 2 b 2 R CCa) Ohy 8 26 38 1 SR AR TR IR —

A IR B K A5 HARAB 9 4 5 (b) g 3R I 45 M

A 5 70 BB ) Joh 9 405 M 3R Sk AR R TR 4

22505 (o) 2 e/ B A5 5 F2 4 T ) Jsp 35 1) & it

AR5 () Ky A 144 10 Ja) o5 B S LI K AL T )
2.3.3 WHrBemmiB ok E

AR T BT VB REZE BB B Se 5B K T
2 70 Kk B v g Gamma S5 50 43 A5 B 25 R
K BE T[] B 52 B0 p RE 20085 R Hly Ry 30 30 42 JR) A TG 9
1E AR L O R K B A AR TR]— — X 0 O R I [ B
G BT B R S5 A
IR SR M e iR IR R X

A PEATAE ST L PR — 2R 90 B B R TR 8 Ok R AR A
i1t B D A Ak 25 ) 5 o0 AR L ok S B ek R 20K 19 7id
HE RS ESE T VB AEZL T BB BOR ko £, 8
TEVECTORE B T 5650 RUBEHE M o B AT o 1 1k 2 A 4R
(] B G 2R 3K WY RS 4R T i AR Y T RS 132 L 0L
JE A Ty 1 U B R R R A v 5 R R D
(1 @ BEAZ S H A A5 4 BT 1 50 oy TR & T AL 42
T30 R Ry 30 e A A 1) BB 0 o AL SR 3 R 38 5 1 TR
B AR 245 5 4R T P AS B o 1 T DA R AIG
T VARG B2 RO S 7 T ME A0 30T A SO ol e R 6 B
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& B R BUIMEL A RIR A 5 41 0 7] G 1 L AR
A5 58 Z2 TR TE 1 1E B % B TR B /N @ s T
Je F8 45 AL 20 SR B B DR R ] JR) T 5 AL 1 AR E
R BB B s [ 48 1) 32 B LY IR A P S AR R R R
P AR SR X o7 X 3R 2 40 1 7 1 B B A 213R KHE
ZRef K IR R AR O i R AS B E X I OG R Y B
Tidk B @ 3R IR AL 0 AT C v Y AR
JEUTEDXE DG 2R 0 AN i 2 P D80/ o O I DR i TR 42 )R
S5 R RS E M O S G e ) E B AR AT HE S Y
B A I T AR S G 4 S 1 H bR AR VR 3R
7% 1 ] JC o S TR L L L& H AR O R IRCBKL
2.3.4  ZHUE B IR A R
T VB HE SR 1 155 56 30T U 1k R AR 4 R 5k
J& 4 A B SRRV L B SE 58 43 A A S 56 43 A A AR TR
R 0 A1 A TR 95 25 32X (5) L (10) Fn & 5K (12) e #fie
B R AR H S BRI AR o 1 5 5 3 (R
(D M SH M
X kg =h ZEUCI g Gn. [ ) BT R 5K
AT TEANHE T DL B 5.
q(m.|hyocexpnl p(y. |m. ) pGm. |h)]) (A7)
AT LG B 3 AR R g Gm. | R HRTE AR F0
RESEH M w, M ¢, Gamma 53 Fi G Gm. |
wer o) s IS T N AE S (18).
u,+d o,
T2 T T
Hi, oo BARGRBEMINE, 0., ((y. =T,
ma D (y.—TCe))) CofRFMIEE T
(2) M SH N
ZHARHE ¢ [ HIE IR IR A (19
g(n. |h)ocexplIn[ pCy. |n. s h) pn. [R) ]y (19)
AT LRG3 AR g G | ) IRATEAR FIR
BESH R v Fe o 1 Gamma 434 G (n | v sz s
HSH0 53 R 55 20(20).
v +d v, te
Yau = 2 5 Ta — 2
Hre,=y.— X1 n A Ly.— X, D R L RHE
(RN
(D RAHH ~
WTERHE R R R AR R RS G e E
ATH 4 2 o3 A 1 99 28 L AR A5 L 3l 5 )3 — f R 3 2%
o) o LIS 3 ko 3 B Rk A0 0 (2D G4
I 5 LI 5.

Wz -l (18)

(20)

(hyy=—Lk)

> atk.)

=1

2D

SE X Zi=2 0 k) s WA LIRS A 4LPR 10 e B0 R

AR/ ARG LB 7 19 5 50 HE AT AR 2 AR A /Ny
a1 Dirichlet 34, Hrp i€ [1, L+ Lo 1, W = A )5
0 W 246 2 BT an 45 X (22) TR
a=ay T2,
) BB AR E X AR JE A
TEERERRE AN S8 90 Cose BB 435
i Gaussian-Wishart J2 56 45 A7 119 56 56 Y9 {H A0 X 45
RS RS E. BE X FOR RS A TSR IR DA
Gaussian-Wishart 4317 , W] J5 56 A 8 2 $0050 3 4n 4
X (23) FR
=0 T2
& =e T2,

(22)

(23)
C/ :%[7]0 §o +Zlyz]
!

m*=55¥%%[magﬁ+YwnYﬂ

A ¢/:d([ku,k2/,"',k:/:|) v/ﬂ\:EPTﬁVE/‘JEXﬁYE@
N LAT=I=L+ Lo, BRE d ) H 0] 5t 7 4}y XF £
N

(5) X PR RIS A RORE BE T

K AR T S 56 73 A 2 08 R0 ROEZ 2 8o
SN o, 1 Gamma 5345 3 € L By = (k) Gmy ) s
3SR Gamma 7341 (K5 BE T 09 )5 R S 408
42X (24) F1(25) PR,

0 =p0 T2 24)

z
8=+ > B [y~ T(e)] [y~ T(e)]) (25)
=1

(6) M 5 2% f

MR )72 S AR AR TR S H R ro FIR
ESHCR g Gamma 531 . A% I8 A Fl B 15555
TR RS I M R AH OC 2 5k AR R An A =X (26)
QD R,

n:m+%L (26)

L
4= g0 D) ((TCe) —Ae,—BG )" X
=1
(T((f/)iAe[*BG.[)>
(7) =3 ) % e s BB ARG A F B
HR A2 73 DU 30y B8 2% 0] e 4 eR 0 T 1 3 AL
BSR4 (28) BT
1A~ _
Ing(Tyoe =5 >7 > (k) g, —Inp(T)+ECT) (28)

s=11=1

HET T /)5 56 73 A 52 B FR ME 458 28 7 7 E — )
AR AEL AL e 48 T o 1) e A0 ik 85 e A 18R SR e 2 B0

27
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M A # B (i, a5 (29 . BOHE X w=
(@ —KIDX— (@ —KDBG.,i= (5 —KI)X—
(Q°F—KDAE, 9= (QF — KI) , il 1 % 2 5 (28)
BRI ST LA A F B EH RN
A=[f|T—BG|+exp(1/T)wo]X

[fE+exp(1/T)0'Eo] ! (29)
B=[f|T—AE| —exp(I’)G +exp(1/T)uv]X
[fG+exp(1/T)0'Go] 30)

2.4 HESFREDW

SR 1 7 AT AR 43 DU B J2 OB R B 1Y
U RCHESRE A D AR i 2 L ax 8 0 A )
AH SR 1 o 0 20038 2ok 326 120 BRR MUK A

BiR 1L BT R4 DL ST 2 OE SR AR R Y
R TCHE.

BAE={e};_  Y={y.}7_,,A

Bt s ARSI A R A R R L T

WG AL 2 00 o Py se0 5 o+ 70 + o sa0 570 5 o

1. WHILE ELBO /A A DO

2. VB E-STEP.

3. MRS QD AME S M S5

q(M|K)
4. RIEFEXADIERESH N SR
q(N|K)

M4 55 2 28) TR s [l g i s B0 T A 09 28
WRAFEEFERX DR U EIE R R K S
VB M-STEP:
W45 & QO EHREG HWH «» ERSH a
RAEEX COFFHHME X ARHE A NGRS
nees §PCEIHE R R B A1)
10, MEERCOHMOCHEHEE TMERSH
s SOV N 36 R AL A1)
11, RMI\EXCOMCCHEHMFE I 2 [ MEHS
Bor.g
12, BWIEERCHTHMELLE A
13, WEEXCOHENELESE B
14. END WHILE
Hy 4520 (25) M (A1) BT T, S 8010 38 7 B K 3%
Ak A v 3 B SE S 9 0 A TG A 2% B O oy
O (ZH+DLYFI O LZ). Al T9E VB HE 22 1Y
AT T VB HEZR T A0 H 2 507 I8
I LS S ME AR R i A 2% B W L HOR
PO B O M i T AT R PR s 5, T L VB
J5 VR AN TR T B 11 o 4 B (R ] DL
b R AE TR R AE 1 R i 8 U A R B AL R AR
SN RS FEA ] VBHPM X SR 1E 5 4 FH bR 4

© [0 ~J (=2} l

SR AT I U DA R AR 5 5 1 4 2
3 SLIGHER

A SCAE ] Matlab2019a 3fe 52 B84 v, 5 3 3
T 2 50 I 3k 1 AR SO I A TP R

(1) B33 DR 52 30 45 2R e

@O VBHPM HLHT 2 1 45

@ B R 42 R - SR 2 R

Q) AP B Se B iR k.

(2) s 5 F PG o

@ & J58 5 AR LT 5

@ 3D s AEBCHE

© MR HE.

AR5 Y 13 FhRAT R R T T IR

(1) 7E s B e o SE 56 v A SO GL-CATER |
VBPSM' . GMMREG , MA-L2E™, CPD"'* | IPC-
MCC (Iterative Closest Point-Maximum Correntropy
Criterion) " EyE HIA ST VBHPM #E47 HL 885

(2) FE MR B HE S 5 v, AR SOl VECH [ GL-
CATE"™ | LMRM" | SIRM | LPM'? | GLPM!'™ |
Yang 85 \"  LLT V5L A 7 i VBHPM i
17 %5,

SC o Pk RE VE Al bR E. A SO ] BT E RS
(Precision) , 4 %} H v 22 (MAD) , 3 2 45 X} % 22
(MAE) , ¥ 75 # 1% 2% (RMSE) Fl 4% 1 22 (SD) 3k 1F
Al S5 I TR g

Precision:%JrPFP 3D
MAD=median( ‘m”*s,, ‘ ) (32)
NG
3 It —s.|
MAEZMT (33)
1Y
RMSE= <7 Dl — sk (34)

li,iz(d(mf,,mRMSEv (35)
Hodr TP Ry IEHf X0 0 0¢ R I S 4R . FP O B R 1 %)
INE S ZR ) AR P IR B O N O R S AR T B R AR
RAR R K A, ml F st 43 ) 3% R IR EHE AT E b E
B n DFRIE AL N bR IE SR d Gml s sl
m, H sL I RS . median TR P A{E.

TES TSI P, (D TEAE R B E . 45
SEWEE 8 AN 55, 4399 ¥ 53 0 AT A e T e AR 1 4k 1)

SD=
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EFEALEEEN AL AT g HER
TE 6 A A I Sy A A S R A
A BRI IEJE 5 i s RS sl A e B AL
Horp FA S SA LR 2 AN K&
0.2 B A s (2) B HE o BB 80 2 « 42 VR A 42 L
Ho 0.5 B 1.3 A5 R BALAE BUAS [ 43 A 1 S BE A
(3) JE G £ B 1 78 < LA 1570 (8] B o 422 B — 907 %] 90°
F14 Y00 LT VR SR R AT 5 (4D Kb Bz 56 R Bl K 18 A
PR 5B BB 0.1 B 0.5 F5 R Bl ML ok 2 2 I Bk 3
Sy R A (5) L TR R B S HORE . O X 56
FATALALE oo =d+ 1., = 11; @ B RES R4
G=d+1.e,=0.01,8=11; ®RBE LM :a =1;
@ W75 oy = 1. go =113 (6) B RE A A F UL S
Lo BE5E AR T HoAth 7 5 B0 8 B R A T ALt
8 AT ME R A VBHPM g B G R A
T2 B T EROCA A R AR SR R 2 56 K S R
MRAARBRERREN Lo=log(Z— L), %k
SEAC RE A% 1 2 S 00K B K.
3.1 VBHPM IS

J T PEAL TR RN A B (TLMM, GMM)
FEALAEZL (EM, VB) [ FiC fE 1 B8 » A< SCHE A 363 4>
S 3D S 4 rabbit IR T 4B RE S B 1.1
TG M 7 s AN () 2R 208 B0 AR A AE 242 1 T o 245
FANE S TR, () Ry B B A 1.1 HJC M
B U5 7 E bR SO ) AR s (b) AN
(o) A 3R F TLMM(VB) f13t F GMM(EM) [
IR AT o 45 L 5 W BR 3 R B SR A AL (E
qCX ) [ 5 50 A 2R o0 A i Bl L TR A B AL I A F 4
PEARAE IR A H Bl g Go) FAAR TR K B e e s ()
BORE SR A 0. 8L IR A LR 0. 2 if VBHPM 1)
Be v 25 IR 5 Ce) SRy A A [ B A 8 3 o5 o A 340 1)
#i F GMM Fl EM Sk %4 VBHPM H ) TLMM Al
VB, I JE/R T Be o J5 19 7 35 1 22 o B AY rhpb &
(3 4 6 ] 2 BO(A 3 B A E]. IR 5 Ce) i aT LA
HH o DUy 3k 34 AT AR AR SRR A /N 1 T 3R )
BN B 5 2 L B Ok 24 8 BE AR 8 1, TLMM
(R I Jr 2 2 I 32 T 18 K T 3 AL A2 e i o A
MR RS L 3T EM SR L E R Y
B3 A TR 5 foe A A o (R A5 5207 IR 22 0 K )T
TLMM I VB #E48 ) VBHPM b HAth = Fh Jy 14 3K
PR NG) - R 25, LI 25 R KM, i Gamma pR %K
SRIEAT W24 A O T A K R
B 000, 7 A I R O R S R B 1Y A5 4 T A
JIN B R SR o DT o A 2 2R 208 v 03 1) 8 B A 1Y
i, At TLMM B8 % $2 41t e GMM 5 & 5 11 i
HETERE. T EM HEZEXT £ 164k B AR 1 1 2 50w

(BB & T 0 26 (EL R R AR 22 30 B - AN REAR 4l
P sk AORZS AT IR 8 L A HAR T AR 5 B A R
WA AL T2k T VB HESR I A Bk g 51 A G
B fi ORGSR B AR T H bR 07 R X B0 4R
(ELRR S i 25 A e BI04 O 2 i) B o
N2 B — I R (E B A 2 5 80 H AR 7 R
A

(¢) GMM(EM), (FEMEF) (d) VBHPM, B 0. 2

‘ i GMM(EM)

GMM(VB) ---&----TLMM(EM) "'i""TLMM(\/B)

x103

14

o5 o7 09 11 13
BIRERL
(e) BCHETFHIRZE LR

BHESRAT B () B SN 1.1
MV E (b)) Jy VBHPM FLHELSH; (o Ryt F
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Background

Non-rigid point set registration is a long-standing challenge
in computer vision and pattern recognition, such as object
detection, remote sensing image registration, image fusion,
etc. Non-rigid point registration has some difficulties like
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function optimization, and so on. Our paper mainly focuses
on dealing with outliers, missing correspondences. and
objective function optimization.

To address outliers, one main classical scheme is using a

robust parameter estimator (L2E) to minimize the difference
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of two point sets, but it cannot get a better result when outliers
present the same pattern as the inliers. Another popular
method is using the extra entries to account for outliers, such
as uniform distribution or Gaussian mixture model, but these
may lack robustness for non-Gaussian outliers. To deal with
the problem of missing correspondence, very recently,
researchers began to pay attention to use the prior information
to re-weight mixing proportion, but point set structure lacks
constraint lead to the wrong correspondence easily. The
problem of optimizing the objective function, the parameter
estimation of MLE under EM frame is used widely,
nevertheless, it causes the over-fitting problem and traps
poor local optima. The current variational Bayesian method
uses the mean-field full factorization to approach model
posterior that will lose the correlations of variables. Covariances
of the same prior are be used to anneal in VBPSM limit the
freedom of parameter.

We propose a new non-rigid point set registration

method to deal with the outliers, missing correspondence,
and objective function. Firstly, we construct a variational
Bayesian hierarchical probability model ( VBHPM) using a
heavy-tail distribution which includes an extra item to resist
outliers. Secondly, we use Dirichlet prior distribution to
adjust the mixing proportions and the global-local constraints
to solve the problems of loss of correspondence. Finally, we
use the tree-structured variational distribution to optimize
the objective function.
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