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Registration Algorithm Based on Fuzzy Shape Context and

Local Vector Similarity Constraint

MA Xin-Ke!? YANG Yangh 2 YANG Kun'? LUO Yil?

Abstract Non-rigid point set registration is an essential research in pattern recognition. Two main contributions are
presented based on the current popular non-rigid point set registration algorithm in this paper: 1) Fuzzy shape context
feature 2) Local spatial vector similarity constraints based on local vector feature. The correspondence of complementary
of features is evaluated, firstly. At the same time, a fuzzy shape context (FSC) feature is defined and the Gaussian mixture
model based on the fuzzy shape context distance and the global feature distance is designed. The spatial transformation of
complementary of constraint is updated, secondly. Meanwhile, a local vector feature is defined and the local spatial vector
similarity constraint based on local vector feature is built. The proposed algorithm estimates correspondence by using
the Gaussian mixture model of complementary of feature. The proposed algorithm updates parameters of transformation
by using the expectation maximization algorithm, and completes transformation updating by building energy function
that has local spatial vector similarity constraints. Firstly, the retrieval rate of FSC is tested. The performance of point
set registration and image registration of the proposed algorithm was tested by using public data sets, secondly. In the
comparison experiments of currently popular 10 algorithms, accurate registration results of the proposed algorithm where
acquired, and surpassed the popular algorithms in most of the registration precision.

Key words Non-rigid point set registration, Gaussian mixture model, fuzzy shape context feature, local vector feature,
local spatial vector similarity constraint
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Fig.5 Comparison of the registration examples between constraint complementary spatial variation equations and

single constraint spatial variation equations
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PR (1) 530 (8) il v AR PR
N SORAEZE SRR Dy 54 RFFIEZESRAERE D,

2. AT (1) MEAEP 55 Q 2
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P4, W (7) X AUE P AT A AR R
BAFRHI s 4R P

HR. HAA BB (18) sk

sy, mCHE S Sk P

2 X

TAMEH MATLAB R2017a SZHL T A 0.
ARSI ER I BN T SR s, R, WA T
FBORIEAR LR SCRHE BRI R PERE. SRS, FRATTR
1) ANsg e i 08, 2) CMU Je3) [ {54344
1 3) Pascal 20071450 $R 4R MR T A SCHVL I 4R
BCHENE fE, RIS IE K T Mikolajezyk i £E1461 i)
W T EVE EMSBCHEERE. 76 DL Eszath, FRAl]
[ It T A SRR (0 L S a6 5

2.1 L&t

Aoy AT T 1) BORITE R B SOR RS
RYEREMAR 2) A CHE L PEREMIR, 3) HIEH
WP BE EL AL AT 4) Mikolajezyk i 421461 5] 5
FCUEI R, JEohDO2RszaG. £F 1) BRI R P fe
K, AV H T MPEG-7 iR Btk 42, A
IR Ik B e 4 44 BR RS IR R SeB s
T AT, 6 2) PRI, ARSCEH T ok A
F TPS-RPM i [f] Line, Fishl fl Chinese char-
acter —Fh 4k Nt #e BE 4k, W ZETF 5 Ground
truth ¥5H TPS-RPMUS! du i) 64+ 5 % 7€ 3) T
BE LL A AR, B Ar R N i 5 R s AR Ah, FRATT IR
N7 Pascal 2007 challenge ## 4145 5 CMU
house J7-41 G HE A4 JF 5 M AT 1+ Pl 6
% (TPS-RPM!8, CPDRY, GMMREG?? | RPM-
L2ER3, GLMDP4 5 PR—GLSP0 3t N Fhik A5
%, Caetano %47 Torresani %5 4 Leordeanu
Sl = R T GraphP8 39 (1) 2 5 5 7k
FGMM 3t —Fh 5T Graph®8 -39 {4k 2% 3] 89%)
HHAT TR EEse s, 76 EUG FAEDRL H, FeAl 1 Miko-
lajczyk P40 FHiEEL T “boat” Al “graf”, JfAii
H SIFT 53k N EHE 3R BURFAE i, IR AR
1158 1 B e .

2.2 MPEG-7 HEERKE R EEENIK

MPEG-7 #i4E (& 6 frox) #4670 ik
5, AN 20 TKIE f. Belongie %52 KA

MPEG-7 B #5347 7 IRE R R, JTak1e
76.51 % MR A, 4 T SEBLA PR AE B TS,
BATR 5 Belongie %5321 A [a] (1) 5296 B 1 X A ST
Pt RO IR R SCRFAEREAT T TEARK 2R 1 REN
W, JF SRR LN SCRFEREAT T XS EE. B T 45t
TTERAS BT AL R ) 45 2R, A SO S R TR AR
R SCHREAE (SC)BA. Latecki 25059 il Mokhtarian
SEPL=52 A 70 BRI P PR R R ik 1 PR,
ASCHR I BCRITEAR B R SCRMERTS T 78.93 % 1
SRR B A R A =M SRR R 1k g U7 1
.

QU0
N = [N =

VIAlA1A

K6 MPEG-7 #dlitE
Fig.6 Examples of MPEG-7 dataset

“apple” Jf4a M $RIX “apple” #8J3 $REL 100 4 £US I “apple”

L I3
T L
'/.»' '-.\
! i
k /
(@) ®) (c)

7 “apple” BRI AEHEEL

Fig.7 Contour point extraction of apple template

1 SC. Latecki 2. Mokhtarian Z#f1 FSC &%
Table 1 Retrieval rate of shape context, Latecki et al.,

Mokhtarianet et al. and fuzzy shape

SCis2] Latecki %[50] Mokhtarian £5[51—52] FSC

76.51 % 76.45 % 75.44 % 78.93 %

2.3 ANXEEMREN K

FEA LR P RN 4y, RATRH NG5
J3 #i4E Line™® (60 points), Fish1M® (98 points)
FI Chinese character™® (105 points) 1y 524 %
P, TR AE 5 TPS-RPMM! A [ ft 35 22 VP A
D), B H A e A S R ) AR TR RSP A v 2
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Fig.8 The results of point set registration using the six parameter settings under the three different registration

patterns (The first to third columns are the registration results of the point set Line[ls], Fish1!

character*®!

18] and Chinese

, respectively. The first to third columns are 1) rotations + fixed deformation, 2) rotations + fixed noise and

deformation, and 3) rotations + fixed outliers and deformation, respectively)
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TEAZ 253 TEAZ 253 TEAZ 253
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Ha GMMREG) GMMREG GMMREG
s gm[-[];m I;K RPM-L.2E I;K i gﬁ’,‘[—[};ﬁ
50'5 %PRJGLS 50.5 [ % S:{E[L)s QO'S 1 PR-GLS
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I B I B I35 b
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| T w1 T L g
GMMREG| "
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=0 | 05 mar oy P
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Line Chinese character Fish 1
T TPS-RPM T TPS-RPM 1 TTPS-ROM
1 fcep 1 1 fcpd {cep
oK 1 gim§2E 5 { GLMD 5  GLMD
05 s 05 her 205 [
Ak o U : \ ¥
Pl AL Ak R
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B9 NGRS AR DR R RCHERU T, Aiﬁ&*ﬁ TPS-RPM!'¥, CPD°~211| GMMREG!?? | RPM-L2E!**!
GLMDP4 | PR-GLSPO [ sesb 45 5. 55— 17 2T/ 2 1) AL, 2) B3 ARtk + 4 0 e AR L 3) T4 Al /Eﬂc
+ 4 B ETRAL . 4) FEFAR + 4 €T
Fig.9 Comparison results of the proposed method, TPS-RPM!'8l ¢PDE%2U GMMREG??, RPM-L2ER?? GLMD?2*
and PR-GLS?% under four different registration patterns. The first to fourth rows are 1) deformation, 2) noises + fixed

4 level deformation, 3) outliers + fixed 4 level deformation and 4) rotations + 4 level deformation, respectively

10 4 Linel™® [ORCHESZH] (35— 512 REHERT, 5 51 11 4 Fish1 M fmcueschl (55— 7L meuen, 55 %1
REMCHEIT . 34T S DUAT A SR DURRIERIMERC e 8 ARCHENS . 5 AT R DUAT I 2 PURMARRITERCHEREA: 8
GURARUNTE . 4 GURTHINTE + 4 GURARINIL . 4 gta i PIPIRALEL. 4 GOREAIE + 4 SUBAALIL, 4 GOUAR Ut
4 RBASARE ., 13 GEHERACTE + 4 ZEIRASAbEL) W 4 4 QOB 13 Jliehe b + 4 YUPAALEL)
Fig. 10 Registration example of Line*® point set (The point set (The
first to fourth rows are four different types of non-rigid

Fig. 11 Registration example of Fish1['®

first to fourth rows are four different types of non-rigid

registration patterns: 8 level deformation, 4 level noise +

4 level deformation, 4 level outliers + 4 level deformation,

13 level rotation + 4 level deformation.)

registration patterns: 8 level deformation, 4 level noise +
4 level deformation, 4 level outliers + 4 level deformation,

13 level rotation + 4 level deformation.)
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46 %

(¥ IE VG A LA )P AR A D P B BC v L rp AT
RELVE P BB R B AT A AT I S ge 25 2R A
SCERE T BT e R 13 S5 14 5y
G T ARSI P B HE S 4.

12 A4 Chinese character!®) [ECHESZH] (55— 512
HERT, S FE IS, B8 —AT 2R DUAT 2 Jl o DU Ah RN 1
BOHERE: 8 ZUBARAEEE . 4 WS AL + 4 GBI, 4
POUR RAL L + 4 FOBAKERL 13 Gl hb A +
4 PIVASREER)

Registration example of Chinese character!*®]

Fig. 12
point set (The first to fourth rows are four different types
of non-rigid registration patterns: 8 level deformation, 4

level noise + 4 level deformation, 4 level outliers + 4 level

deformation, 13 level rotation + 4 level deformation.)

%2 FGMM™I| Leordeanu %%, GLMDP | A5k
S EEFE R RS R R R o v
Table 2 Matching rates on cars and motorbikes for our
method, FGM“! Leordeanu et al.*%! and GLMD!?4

FGM Leordeanu % GLMD AR

80 % 80 % 93 % 97 %

13 AREESEBGEAESZE) (B A Pascal 2007 challenge
B 5 18 XEEMR, B ISR 2 Z IR i
WINES )

Fig.13 Registration example of automotive real image
(The 18th pair of car images are selected from the Pascal
2007 challenge databasel*®]. The lines represent the

correspondence of the feature points in the figure.)

14 LA B SR ERBCHESE ] (B Pascal 2007
challenge i o) [ 4 XEEFL MG, WP
E R T RIS R 2R )

Fig.14 Registration example of motorbike real image
(The 4th pair of car images are selected from the Pascal
2007 challenge database*”!. The lines represent the

correspondence of feature points in the figure.)

243 FIIEGERE

A CMU house F1 hotel®3—441 & (%
B N A HE LS AT T WAL, S5 GMM-
REGP?, Torresani %48, FGMM*, GLMDP4,
Leordeanu 25491, Caetano %517 HEAT T X%f b 5
5. 3R 3 IR T AR S A CEE R e
Torresani 261481, FGMM“, GLMD?4 . Leordeanu
5] Caetano 25471 [H P35 ALy E A AT A A )
Sk L AR, Torresani 25481 5 GLMDR4
£ CMU house JF444 E% b 3445 T ST
BIFCHESR A SCEAE CMU hotel®) 241 B4 dh ¢4
H T EALRFA . B 15 5K 16 G T
AL CMU hotel*3! F1 CMU housel*! fic
HESLH.

# 3 CMU hotel fl CMU house J351l & 1) V34 B HE %
Table 3  The average registration rate of CMU hotel and

CMU house sequence images

kAR CMU hotel CMU house
GMMREG 22! 97.1% 99.5 %
Torresani 4448 ¥ 100 %
FGMM o 100 %
GLMD/(24] o 100 %
Leordeanu %45 94.8% 99.8 %
Caetano 25147] <90 % <96 %
A 99.6 % 100 %

2.5 BEMRECHENR

AT A IF I Mikolajezyk %5 4 421460
W T A XS TPS-RPMISL, CPDRO-21
GMMREGPZ, RPM-L2ER3, PR-GLS[PE /5 Fi
BOET EUE BCHEPE BE. A SEI0 sl ik SIFT 492
7 AEEEL “boat” F “graf” G X FIRFE £, SR )5
A FH 5T p SR IO ME 1) 5 v 58 e PR TC HE, 5K Tic vE
RIS 5225 -G A E R 5 X 5 L
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BRIEE 1 5K 55 100 FRAORCHEST R, G LR IE R 2
I P50 B 2R, )
Fig.15 Registration example of CMU hotel sequence
image (Registration results of CMU hotel sequence images
of 1st and 100th, the lines represent the correspondence of

feature points in the figure.)

5 (Checkboards) M T~ ¥ 4t bb %2 lc #E 45 AL 1k
Ae IR oF AN T 10 X6k 34 A 4 B H S R
B bR S A B bR A R 5 AR R 2B (Root
mean square error, RMSE), 7~ 4 %} i %059
(Mean absolute error, MAE), # [i]i% %P3 (Me-
dian error, MEE) 1E & Kl & fic #E i#) 1% 2 PF Al
brifE. R4 55 alERTALHES S
TPS-RPM!8l, CPDP-21 GMMREGP?, RPM-
L2E® | GLMDEY, PR-GLSE /X Fh 4% i) 1%

ZHER

FEHERG EfEENEGR G

RPM-L2E

K17

ZEXT L, 17 Sy MR T AR SCH L5 N Fh 8k
£ “boat” K145 “graf” KGR HESZH. 1E
17 (a) A1 17 (b) 1, 26— 2 5 VU 51 5y ) 2
ZH R RO E R WEHE S I B B
% 8 — 1T 28847 0 B & CPD 5iERPU. TPS-
RPM % #:08 GMMREG #:22 PR-GLS &
%261 RPM-L2E £:23 GLMD #3240 fiAs
SR SOR s, Ak, 7R 17 (a) F1E 17 (b)
(167 P A5 e ¥ s v A T LA 11 DX ] O HEAE B A5
PG AT T AT, ASCE RS T Bt BRI
HERLR. 3R 4 FIER 5 4t T S 5E I BCHESS IR

K 16 CMU house J¥5 K& ELHESZF] (CMU house /3751 ]
BN 1 IR H 111 RIOACHESS R, B h AR 2
IERPSINE
Fig.16 Registration example of CMU house sequence
image (Registration results of CMU house sequence
images of 1st and 100th, the lines represent the

correspondence of feature points in the figure.)

BoHEE IR BRI

(b)
Acgry:g cpDPRPY, TPS-RPM!'® . GMMREG?? ., PR-GLSPY ., RPM-L2E??, GLMD?4
AV ik SPRIN SR AR
Fig.17 Comparison examples of our method, CPDPY TPS-RPM!'8], GMMREG[??,
PR-GLSP%, RPM-L2E?% and GLMD?4
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4 “boat” ERECHESS TR Z IR
Table 4  Registration error of boat image
ik RMSE MAE MEE
CPD 1.4513 1.8151 0.2486
GMMREG 12.0899 4.2977 16.513
RPM-L2E 1.9918 0.8515 2.4792
TPS-RPM 42.3288 14.9059 53.4349
GLMD 1.6392 2.0807 0.495
PR-GLS 1.9291 0.8609 2.0807
Ours 1.0799 0.8523 0.134
K5 “graf” EMGECHESE RI0RZE R
Table 5  Registration error of graf image
R RMSE MAE MEE
CPD 74.9729 94.3400 24.8849
GMMREG 41.6075 53.4556 17.0273
RPM-L2E 47.7672 64.1356 22.5171
TPS-RPM 97.4394 125.3333 21.2458
GLMD 38.2704 48.5050 17.4508
PR-GLS 75.0847 90.4167 46.5821
Ours 1.5312 1.7801 0.5905
3 it
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P8 i S ATV ADUE 20 A R I HE . AEAS ST S 8 0,
FATE SGIAR T EBIEAR B SCRAE AR R R, R
Ja K A TR AR I T S AE S AR RO HE L P AR
HERIPERE, [N 55 2 AT SAT AP SAEAT T XS T
SR AESEER, T RIRIIR R 3G T R e
RN SO (0 DU B, R Ak AN 1 15 3 v 5
RUAFE R T B AR M 9 1] 3F 2P i i, )
(1 [ S AR DL £ SOITHE n 1 BC HE SR I R M, A
SCERAE Ry St VR RE I T A AT A T S

Mk A

AR SR FH SR AR AR A 7 RS (19) 1%, A T 05
FEVFSE (18) MR T 4L, FATE SeHs X (18) Hedtehy T HERE
TEA:

Exp = riQ(tr(QTAQQ) +te(PTApP)—
2tr(PTAQ) — 2tr(WT BAQ)+
2tr(W'BApP) 4 tr(W  BAp BW))+

Z—;Qtr(CTA) + Qalna’ B+

4 i 46 4
gtr(WTBW) + gtr(KTK) (A1)
Hrb, € 2—A N x M (W5EFE, Bk SCanr:
tr(Sy (P)Sn(P)) = tr(Sm(Q)Sn(P)) (A2)
HA:
{ Ap = diag{A 1} (A3)
Ag = diag{AT1}

KHEIHE 1 AR T AR 1SR, diag{-}
AR FERE. X (AL) SR 3L

OExp _ L {(OT

da? 204 (tr(Q AQQ)+
tr(PTApP) — 2tr(PTAQ)—

2tr(WTBAQ) + 2tr(W  BApP)+

tr(WTBApBW)) + % (A4)
OBxp 1 omyyy Qa4
o0F 2ﬁ4tr(C A)+ 72 (A5)
aaE;/p = Ap(BW + P) + 0o® F*(FBW — J) +
po’TW — AQ (A6)
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2 A4 (A4). (AB) 5 (A6) [RINEX 0 I, 2 (19) B3 H
R, R

OExp
da? =0
=
2 _ 1
2Q 4

(tr(Q" AQQ) + tr(PT Ap P)—

«

2tr(PTAQ) — 2tr(W' BAQ)+
2tr(WTBApP) +tr(WTBApBW)) (A7)

OExp 0
032
=

tr(CT A)
2Qa

5=

OExp
ow
=

W = (ApB + pa’I + 0o’ FTFB)™!
(AQ — ApP + 0a®FTJ)

0

(A9)
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