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Non-rigid registrations based on image characteristics and optical flows
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Abstract: As the non-rigid image registration methods can not meet the requirements of registration
accuracy and registration time simultaneously, three kinds of improved non-rigid registration methods
are proposed based on image characteristics and image gray. These non-rigid registration methods
were based on the Circle Descripto increases Feature (CDF), Dynamic Driving Force Demons (DDFD)
and image characteristics and optical flow, respectively. In CDF method, feature points were
extracted from the images, and the circle descriptor is used in the method instead of square descriptor
in classical methods, by which the rotation invariance was maintained and the speed of the registration
was increased. In DDFD method, the driving force was changed by introducing the driving force
coefficient, so that the registration time and registration accuracy were improved effectively. In

registration methods based on image characteristics and optical flow, the feature points were extracted
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from a float image and a reference image by using registration method based on image characteristics,
and these extracted feature points were used to get a coarse registered image (feature level
registration) ; then the optical-flow method was used to register accurately (pixel level registration)
for the coarse registered image and to achieves the purpose of taking account of the registration
accuracy and registration time. The experiments on checkboard images, natural images, brain MR
images and liver CT images were performed and the results show that the proposed methods are better
than the classical methods such as Scale-invariant Feature Transform (SIFT), Speeded-Up Robust

Features(SURF), Demons, Active Demons and Total Variation Regularization/L' norm (TV-L') in

registration time, registration accuracy and adaptability for large-deformation images.

Key words: image registration; non-rigid registration; feature extraction; optical-flow model;

circle descriptor
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BEASHEBG S AFESEBR M, I SF M #4715
Qb
Pt RBE 2 ], B e BT 2 BT S 8 (R A
Hessian %H 4 4 # RUEE 25 ] 5
AL 450 75 206+ 2 1K 245 R 5 ) STET/SURF $ifii& 15
FFH2EBR 3 SRAT 1438 F 47 FR AR AL VT T L AR AR TB
Y1 XS AR M BEAT R G 5
MG 4 SRAF A ML HE R MR 2 R SR TV-
L' 5 1 347K B 9 SR A5 I o LR T
for Level=1:1: L

forn=1:1: N

FHA:

PV Adivp — w/0
1+ | vdivpr— /0 |

ug = v — 0div p, PHI =

MV E (D<—20 |V |?
v<1>:u<x>+J—A0vh D> VL
—o(DVL/| VL8 D<A |V |2
XF ws o AT HH N M AT 2 E] AR 4
T4 SSIM.: #5 i /2 45 1 » break; #7 A ¥ /2 4k 22
LAV
end

end

2% K& S B EE TH5E % W6 1545 .

6 LIRS

AR SCOR 3R P 5 i AR 2 A 5 2
XoF PG T o ot B AT 40 B . B il i R
T G I o 0 AT 0 25 T, SR SR FH 0 (L
fE M L (PSNRO L e /N5 5 22 (MSE) L M 6 R 8K
(Re) &5 Hg A1 AL (SSIMD A B {5 B (MD 5 ff %
N VF-H 7 12 % T o T o 1464 HE B 3 T

R T B UE AR SCHE O R 0 S PR L 43 R
H checkboard Wi B . H A8 K B BI% . B SR F
@ EE I MR B AT CT BR 4T TR
HESL g, SLH ., R M T SIFT. SURF. CDF,
Demons. Active Demons (AD) ., DDFD, TV-L!,
SIFT-Demons. SURF-Demons. SIFT-TV-L!,
SURF-TV-L! 1 CDF-DDFD % 12 #hr i, N
TR UL 45 B0 5 15 1 S5O s B — RO ik
(RS R

WAZSZE G S FES)EMR M, IFX S fir M 347 it
S E

e KB 23 6], SR B AR 4 B R ORN box filter 2 HUOG
A

Xof OB R AT JR TR AR AR A I L 8 R AE

—Ak;
THEAE R 22 8] AR 5C R BT I8 IE R AE L T e/
TIREX W=[D"'D] ' p" DR RGBS
B ) G AT A L
AR 5 RAAM B MERG M IS E% S, RH
DDFD Jy i $EATH E 1SR 45 E v R TR 5 A £ 43
PR B R R
for Level=1: 1 L(L AN KA

for n=1:1: N(CN Fi KERKED

HRAE F— W IERRE AR R AKX R

=—k X1In (R (M, SO RKAFEKS) ) 2 H R, A H L
TARKIEIKS T RIS .
_ (m—9VS

[Vsl?+d (m— 9

THE SSIM : 251 & 5514 » break ; 25 AS i 12 L 3R A
KRB R AR EEEAC

end

X R

U

end
0 R R T
FIH 2% B4 S MBCHEEG TR R WA 1T .

#& 5 SIFT-Demons/SURF-Demons 77 3% Bt # & B
Tab.5 Steps for SIFT-Demons or SURF-Demons methods

BEASEEE S FFESE R M, I3 SH M A7
A3

MR EER, KRB 2E08FHS8/ A
Hessian £ M4 g R 25 )

R A 5T 3 A= Bk Le A% {6 44 1Y SIFT/SURF #3485
FI 2L BR 3 SR AT (438 F 3 AT R AR ATV T L A= AR B
Yy PR s AR M AT R A

R 4 R A BB R M 2 F B R S #E 17

Demons 1% {4 Mg fE .
for i=1: 1% Neeeeoo F FH Demons J5 ik #E47T n ik

AR R AR X M aEAT AR
T SSIM : #5762 55 1F , break; #5 AN i 2 4k 22 485
end;

MHZ % E & S FBE R 15 % W 845 .
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6.1 checkboard Mk Bl & 3Lk 5347

checkboard X B G2 B A F AT A
B G AR SCXF checkboard 3 EZ 347 A T
O I AR S BEME B T B AR, S R
checkboard M K #EATRCHESE 35 . &1 8 FIE] 9
SRR, 3R 6 NITEBCHESS R B WL

% 6 Checkboard i B 1% B # = W E M

Tab. 6 Objective evaluation in registration of checkboard

images
PSNR  MSE
Methods R.. MI  SSIM/% Time/s
/dB (107"

Demons  69.11 80 0.98 0.69  92.13 61.02

AD 69. 75 69 0.98 0.70  93.01 13.27
DDFD  71.51 46 0.99 0.70  95.15 12.58
TV-L'  87.74 1.09 0.99 0.71 99.87  16.37

Wit X e’ s A 9, ml Lk B AT
checkboard M BG4 & T 18 2 41 [\ 19 IX 8, B
PLJC A 5% b 2 BURRAF 55, SIFT . SURF il CDF
¥ T RRAE 55 DT BC A9 B 1R R AR T BRI R B
BT DA T HEAE 25 80 3 A& T checkboard il
X & 1% () B 7. Demons. AD, DDFD #1 TV-L!
J5 ¥ 35 AT LUK AL 95 AR 0E A7 AR 4 19 e v DA 2511
RS LLE B TV-L! ik Bl H AL
Y )5 7575 B SIFT, SURF 8 CDF 3k 47 #L Ad
HE, BT LLRIFEAS & B T checkboard i & 1% 19
i 7

MR 6 BY & W4 ¥ AT LA H Demons, AD,
DDFD #l TV-L' #1057 84 1) e o 801 Horp
TV-L' Bt #E K B f . BF Al & AD. DDFD A
TV-L' B8 #ER 18] 5 Demons A bR Ry 20 .

6.2 BHRBEGIILEDH

EEXT H AR MR A 5250, A SCIEH T AR R KB
A EME ) Lena B AR R /NE 2 EME G @&
G AT E

M Lena FMZBECHERYSCIRZE R A 10,8 11 7]
PLE . SIFT, SURF #il CDF R4f# 4 I T ¥
A AR AE B 401 7 AL BER 8 4. Demons,
AD.DDFD 3 F 7 i 7E S0 HEER 3 (B b 3k &2 8B 43
B TOC A SCR AN FRAR , TV-LY 7 B 1R U Ml f e 7 3%
A )&, I WA T B Y B AL . SIFT-
Demons, SURF-Demons il CDF-DDFD J5 & Il
AR Ml A% e 7 405 18] 8, STIFT-TV-L' #1 SURF-
TV-L' 5 kA BZ 0 o0 A AR G 14 i v 45 21 L (1
NGHIKHE,

MW 7T BB MM el LLE . 555 A
L o AR SCHRE 1) 35k 1 G R AE R0 3 3 19 3R I
e VA 7 T AN ANCTEE MK B AT P 4 T A B R) B Ay
A A

Xt H SRRt AR B TE v L AR SCR 4R B ]
%1 R.G. B 3 A~ 38 18 5 50 17 Be o L 2R 5 5
3 A A Y JC A 25 S T A O R B R AE S B
KRLWELS R, th T % Z R B X 3 A3 E JE 1T A
Y, FE BT R 24 02 X B — IR R R B HE ) 3 5 A2
#. HPN SIFT,.SURF #1 CDF 7/ 3 4
AR B FRE AN S BUE T  25 R K &
AR FCHE G & A T B 2 B, BT DAL T R 1E 1
M7 EARE T BHRE ARG AE. B R A
T &R 3 A IE 915 &, Demons, AD, DDFD
FTV-L e A BE BT o AR SCH H 04 Oy vk 75 2
SIFT.SURF #k CDF 47 H Fic # , 5 [7] A A 15
TR AR EIR . 5T R 0 B R e 2R 1
X BB A S 2

aaaEa i

(@FHEG (DS EEE (0)SIFT (d)SURF
(a)Floating image (b) Reference image ~ (¢)SIFT (d)SURF

(e)Demons (DHAD
(e)Demons (DAD

(g)DDFD
(g)DDED

(h)TV-L!
() TV-L!

K 8 checkboard iz K144 Fic #fE 45 S

Fig. 8 Registration results of checkboard images

%

(b)SIFT
(b)SIFT

(IR 2
(a)Original difference

(¢)SURF

(c)SURF

k)
A
tn‘..

(d) Demons (e)AD
(d) Demons (e)AD

(DDDFD
(HDDFD

() TV-L!
(TV-L!

Bl 9  checkboard Ml B G BL i 45 3R 5 2 2% BME W 24 (H

Fig. 9 Differences of registed checkboard images and reference image
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() 7RG (OF =301 (0)SIFT (d)SURF (e)CDF (DDemons () AD

(a)Floating image (b) Reference image ~ (¢)SIFT (d)SURF (e)CDF (f) Demons (g) AD

(h)DDFD (OTV-L! (j)SIFT-Demons (k) SURF-Demons  ()SIFT-TV-L'  (m)SURF-TV-L'  (n)CDF-DDFD
(h)DDFD (HTV-L! ())SIFT-Demons ~ (k)SURF-Demons  (DSIFT-TV-L'  (m)SURF-TV-L!  (n)CDF-DDFD

& 10 Lena K% EC#E4S

Fig. 10 Registration results of Lena images

(DM EHE (b)SIFT (c)SURF (d)CDF (e)Demons (h AD

(a)Original difference ~ (b)SIFT (c)SURF (d)CDF (e)Demons (h AD
(g)DDFD (h)TV-L! ()SIFT-Demons ~ (j)SURF-Demons ~ (k)SIFT-TV-L'  (DSURF-TV-L'  (m)CDF-DDFD
(g)DDFD (hTV-L! (DSIFT-Demons  (j)SURF-Demons ~ (k)SIFT-TV-L'  (DSURF-TV-L!  (m)CDF-DDFD

11 Lena BIRECHESS R 5275 KGRI 2 MH

Fig. 11 Differences of registed Lena images and reference image

£7 BHRER Lena B EWIEM 6.3 EFEGILLITH
Tab. 7 Objective evaluation in registration of Lena images H T EEG N E e A R, N B
Methods PSNR MSE vy SIM - Time 27 AR C M 2 TC E DT IR WE 90 e . A SCRE L[]
/dB (107%) /% s — B AN [ 30 % 58 MR IR . 23 A T v T 3k X

SIFT ~ 68.68 880 0.75 1.02 53.00 2.70 IINIE A B 2 RG0SR 5 328 B I) — £ 38 R[]
SURF  68.01 1030 0.71 0.98 350.03 1.74 P W AR V2 4 355 CT RS 43 1 B o Oy 3k o KT
CDF  67.82 1070 0.70 0.98 49.85 1.20 AR P R A AR

B 12 AR 13 J2 R MR R BC e i) 52 56 25
W, WLIEH,SIFT,SURF il CDF £ 4R 1R I Hi
AIE TIEAS H S X i 3 1 F 9 3B S HL 5 £ 1
FG TR HERC R AN A . Demons. AD.DDFD ¥
DDFD 80.39 59.4 0.98 2.67 93.53 14.02 S’QEE@ 61! %; TV-1L! [ {E%%ﬁﬁ%o SIFT-

Demons ~ 80.00 73.6 0.98 1.81 88.55 60.50
AD 78.64 89.0 0.97 1.51 90.99 15.32

TV-L' 91.49 4.61 0.99 3.96 99.11 54.11

SIFT-Demons 112.22 0,04 1,00 4.71 100.00 3.44 Demons. SURF-Demons fl CDF-DDFD 7R 1 #1
SURF-Demons109.59  0.07  1.00  4.65 100.00 1.05 e T A% A R T e S (B AR R X S
SIFT-TV-L' 80.50 57.9 0.98 3.78 99.28 21.06 HERCR AR 4f, SIFT-TV-L" il SURF-TV-L' £ &
SURF-TV-L' 83.41 20.6 0.99 3.79 99.33 21.78 (R O DXBRIRUR T 4 19 Tic 4 45 2R (R 7R 30 4%
CDF-DDFD 110.03 0.06 1.00 4.67 100.00 1.02 LEIE

8 MK MR ER i % Mo br. nl LA
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e WEWIEN S5 M 45ie 380 T 6
WE. HA 2, P2 E@%T%?ﬁn;‘ﬁm%ﬂ@
AE W C 7 D7 AR B 1) A B S A A

14 FIIE 15 J2 P30 CT A% B v 1) 52 56 2%
.. SIFT.SURF #1 CDF 1R i #b 24 1F T I 25, 5
ETE R A% 40 5 J7 1 AL R 82 . Demons., AD
DDFD 3 # J7 ik & A 7™ 5 2k B, & B 28 Demons
Jiik RN B X KB AR K AR i AT B #E. SIFT-
Demons, SURF-Demons 1 CDF-DDFD 1R #f
ff o T 40 7 T Y ) 8, SIFT-TV-L' il SURF-
TV-L! EIEH%‘%E@Elﬂlulzizjzﬁxﬁéﬂﬁﬁ%ﬂ’ma/ﬁ,n
L IBUE: & QTN R

9 NI CT BRI % WA A 45 2 . mT LA
Bt 3l % AT A S8 BUE T 320 4 AT 9 4
WL B B T RR AR RO I S 1 S W 9
TEIFE] A B S A%

(a) FB R (OF 2300 (0SIFT
(a)Floating image  (b) Reference image (¢)SIFT

*8 AR MR BEREL & & W ITM

Tab.8 Objective evaluation for registration of brain images

Methods PSNR MSE SSIM  Time
/dB - (107%) /% /s
SIFT 72.56 360  0.85 1.00 66.40 2.34
SURF 72.86 340  0.86 1.03 68.34 4.20
CDF 72.99 330 0.87 1.02 69.18 2.92
Demons ~ 93.72 2.81 0.8 1.10 98.71 176.32
AD 90.84 5.46 0.86 1.11 98.44 44.44
TV-L! 98.81 0.85 0.99 3.49 99.34 108.05
DDFD 95.13  1.99 0.99 3.13 99.53 45.91
SIFT-Demons 110. 24 0.061 4 1.00 4.13 99.99 5.21
SURF-Demons109. 01 0.081 5 1.00 4.10 100.00 2.67
SIFT-TV-L' 110.43 0.058 8 1.00 4.12 99.97 79.30
SURF-TV-L' 104,58 0.22 1.00 4.13 99.95 73.79
CDF-DDFD 108.56 0.0905 1.00 4.09 100.00 2.37

(d)SURF (e)CDF
(d)SURF (e)CDF

(h)DDFD (HTV-L! ())SIFT-Demons (k) SURF-Demons (1) SIFT-TV-L!
(h)DDFD (1) TV-L! (j)SIFT-Demons (k) SURF-Demons (D) SIFT-TV-L

B 12 Mk MR B RGeS R

Fig. 12 Registration results of brain MR images

(OWiREH (b)SIFT (¢)SURF
(a)Original difference ~ (b)SIFT (¢)SURF

(1) Demons
(f) Demons

(m) SURF-TV-L!
(m)SURF-TV-L!

(d)CDF (e)Demons
(d)CDF (e) Demons

(g)DDFD (b TV-L! (1)SIFT-Demons ~ (j) SURF-Demons (k) SIFT-TV-L'
(g)DDFD (hTV-L! ()SIFT-Demons  (j) SURF-Demons (k) SIFT-TV-L!

B 13 Ml MR FRBCHES R S 2% AR 2

Fig. 13 Differences of registed brain MR images and reference image

(D AD
(D AD

(DSURF-TV-L!
(DSURF-TV-L!

(g) AD
(g) AD

(n) CDF-DDFD
(n) CDF-DDFD

(m)CDF-DDFD
(m)CDF-DDFD
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() FEEE OF 2461 (0)SIFT ()SURF (e)CDF (D) Demons
(a)Floating image  (b) Reference image (o)SIFT (d)SURF (e)CDF () Demons

(h)DDFD ()TV-L! (j))SIFT-Demons (k) SURF-Demons ~ (DSIFT-TV-L'  (m)SURF-TV-L'  (n)CDF-DDFD
(h)DDFD (HTV-L! ())SIFT-Demons (k) SURF-Demons ~ (DSIFT-TV-L'  (m)SURF-TV-L'  (n) CDF-DDFD

B 14 JFE8 CT BRI #ELE

Fig. 14 Registration results of liver CT images

(MR EME (h)SIFT (¢c)SURF ()CDF (e)Demons
(a)Original difference (b)SIFT (¢)SURF (d)CDF (e)Demons

(g)DDFD (M TV-L! ()SIFT-Demons ~ (j))SURF-Demons ~ (k)SIFT-TV-L'  (DSURF-TV-L'  (m)CDF-DDFD
(g)DDFD (MTV-L! (DSIFT-Demons ~ (j)SURF-Demons  (k)SIFT-TV-L'  (DSURF-TV-L'  (m)CDF-DDFD

F15 JTER CT BRRCHESS SR 5 28 BRI 2 H

Fig. 15 Differences of registed liverCT images and reference image

R FFECT BBREANEZIITM

Tab. 9 Objective evaluation in registration of lung images 7 g—_‘lj: i/a
PSNR MSE SSIM  Time
Methods . Re MI 0 N P § Vi ;
/dB (10°) /% /s X5 4% G B TR A 5 v TC A B I AN A% Gt AR
SIFT  63.52 2890 0.76 1.15 55.60 3.09 TR 7 1 T o FE BE < 170 Bk s, AR SCHR T LA

SURF  66.12 1590 0.87 1.36 66.26 1.39 A 19 A W BC fE J7 3% - CDF Jy % . DDFD J5 %

CDF  65.93 1660 0.86 1.34 65.86 1.26 FIE T UG AR AR A I S 0 JE R EC v vk o X

Demons  66.55 1440 0.79 1.65 83.88 51.41 checkboard M i 1%, B SR IR, B 27 R R 10 52

AD 64.65 2220 0.88 1.71 89.27 14.29 B R W A SCHR D RS B T & Ly SIFT

TV-L' 7756 110 0.99 2.90 98.75 49,93 SURF,Demons, AD #l TV-L', Xt F & LI &6

DDFD  74.37 240  0.98 2.17 93.14 19,96 CT EIMR A KB 22 B AR AR SCHY 7 ik vl DL SE R
SIFT-Demons 119,03 0.0081 1,00 3.80 100.00 3.35 R EEIICHE . S 2 T IR HE AR SCAR Y 7
SURF-Demons109.59 0.0365 1.00 3.74 100,00 0. 63 IR AR ) L A7 B 0 D55 o AT LA R IR 1] P
SIFT-TV-L' 94.92 2.09 1.00 2.97 99.58 17.80 B SURCHE . S, A SO iR A A — 2 A
JE 2 TG % 58 UG R AEAS 1 8 PR 00 TR o 5 A o 4 2R
NG e IR B SEUEF A, = XA
SR ERE R i

SURF-TV-L' 96.93 1.32 1.00 2.99 99.71 17.95

CDF-DDFD 108.50 0.0919 1.00 3.68 100.00 0.56
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