
Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

CT

va_sa884@um.ac.ir 

shiva.sanati@stu.um.ac.ir

z.sheikholeslami@mail.um.ac.ir 

saadatmand@um.ac.ir 

:CT

CThttp://www.dir-lab.com

CT

CT

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Jo
ur

na
l o

f 
Ir

an
ia

n 
A

ss
oc

ia
tio

n 
of

 E
le

ct
ri

ca
l a

nd
 E

le
ct

ro
ni

cs
 E

ng
in

ee
rs

 -
V

ol
.1

5-
N

o.
2-

Su
m

m
er

20
18

CTMRI

PETSPECT

.

MRI

MRPET

)(xMIIM: R

IM

)(xFIIF: Rx=(x,y,z)

y=T(x)T:

IM(y)IF(x)

CT

Horn

Schunck

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

0. tII u

=[ / x, / y, / z]TI(x,t)

x=[x,y,z]Tt
Tuuu )](),(),([)( 321 xxxxuu: R3

)(1 xu)(2 xu)(3 xu

xyz

x

IFIMI

I(x,0)=IF(x)I(x,1)=IM(x)

It= I/ tt=0

It(x,0) IM(x)-IF(x)

u

IFIM

Palos

Hou

speckle

CooperRitter

Cao

CT

Bajcsy

0)()( fuu

µf

u

ff

Marami

T2-

Weighted

T2-Weighted

MahapatraSun

Cordero

Khallaghi

Christensen

0)()( fvv
Tvvv )](),(),([)( 321 xxxxvv: R3

u

z
v

y
v

x
v

tdt

d uuuuu
v 321

Agostino

Castillo

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Jo
ur

na
l o

f 
Ir

an
ia

n 
A

ss
oc

ia
tio

n 
of

 E
le

ct
ri

ca
l a

nd
 E

le
ct

ro
ni

cs
 E

ng
in

ee
rs

 -
V

ol
.1

5-
N

o.
2-

Su
m

m
er

20
18

CT

MLS

4DLTM

ALK

TikhonovCCLG

LFC

Demons

PFEPFAFDF

ADFICDemons

Li

BM

IFIM

xuuuuuuuuuuu dC yzxzxyzzyyxxzyx ),,,,,,,,,()(

ux= u/ xuxx=
2u/ x2

0)

(

)(

222

2

2

2

2

2

2

yzxzxy

zzyyxx

zyx

C

zy

C

zx

C

yx

C

z

C

y

C

x

C

z

C

y

C

x

C

uuu

uuu

uuuuu

ux

u

u

t

u/ t=[ u1/ t, u2/ t, u3/ t]T

/ u=[ / u1, / u2, / u3]
T

u

u

u

IFIM

xxux

xu

dPduuu

duuu

zyx

Elastic

))(()(
2

)(
2

)(

2
,3,2,1

2

3

2

2

2

1

ui,s= ui/ si=1,2,3s {x,y,z}

P: RIF(x)IM(x+u)

3,2,1,)()()( 2
,

2
,

2
,

2
iuuuu ziyixii

))((min(index uu
u

Elasticopt

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

)()(
2

)(
2

)(

2
,3,2,1

2

3

2

2

2

1

u

u

Puuu

uuuC

zyx

Elastic

0)(
z

Elastic

y

Elastic

x

Elastic

ElasticElastic

C

z

C

y

C

x

C

uuu

uu

u

u

)(
),,()(

1

321

11

u
u

x

P

u

uuuP

u

P

u

CElastic

))(( ,3,2,1,1
,1

zyxx
x

Elastic uuuu
u

C

y
y

Elastic u
u

C
,1

,1

z
z

Elastic u
u

C
,1

,1

u1

0)()()( 1
1

uu
x

u
x

P

u
Elastic

zzyyxx uuuu ,1,1,11

zyx uuu ,3,2,1uu2u3

0)()()( 2
2

uu
y

u
y

P

u
Elastic

0)()()( 3
3

uu
z

u
z

P

u
Elastic

0)()()( uuu
u

PElastic

Tuuu ],,[ 321u

f

)(uf P

u

extint
ElasticElasticElastic fff

)()(int uufElastic

)(ext uf PElastic

extint
ElasticElasticElastic

x

x

duuu

duuu

zyx

Elastic

2
,3,2,1

2

3

2

2

2

1
int

)(
2

)(
2

xxu dPElastic ))((ext

u

extint
ElasticElastict
ff

u

f

XuPrince

extint
newnewnew

uu

w

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Jo
ur

na
l o

f 
Ir

an
ia

n 
A

ss
oc

ia
tio

n 
of

 E
le

ct
ri

ca
l a

nd
 E

le
ct

ro
ni

cs
 E

ng
in

ee
rs

 -
V

ol
.1

5-
N

o.
2-

Su
m

m
er

20
18

2))()(()( xuxu FM wIIP

xxuxu dwII FMnew
2ext ))()((

2
)(

)()()()(ext uxxuxuf MFMnew IwII

u

u

x
xxx

d
uuu

new

2

2
3

22

2
2

22

2
1

2
int

2

3,2,1,)()()( 2
,

2
,

2
,

2

2

2

iuuu
u

zziyyixxi
i

x

3

1

2
,

2
,

2
,

int )()()(
2 i

zziyyixxinew duuu x

4

4

4

4

4

4
int

zyxnew

uuu
f

},,{,,,],,[
4
3

4

4
2

4

4
1

4

3214

4

4

4

zyxs
s

u

s

u

s

u
uuu

ss

T

Tu

)()()(

4

4

4

4

4

4

uxxux

uuuu

MFM IwII

zyxt

= = =1

wneww

xxuxxx

xxxux

xxux

dIIdIw

dIwII

dwII
ww

FMF

FFM

FM
new

)()()(

0)())()((

0))()((

2

2

xx

xxux

dI

dII
w

F

FM

2)(

)()(

u1

)()(
),(

1
1

1
1 xx
x nn uu
t

tu

),,2(),,1(3),,(4

),,1(3),,2(
),,,(

111

114
1

4

zyxuzyxuzyxu

zyxuzyxu
x

tzyxu

nnn

nn

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

4u1/ y4

4u1/ z4

4
1

4

4
1

4

4
1

4
1

z

u

y

u

x

u

t

u

)]2,,()1,,(3

),,(4)1,,(3)2,,([

)],2,(),1,(3

),,(4),1,(3),2,([

)],,2(),,1(3),,(4

),,1(3),,2([),,(),,(

11

111

11

111

111

111
1

1

zyxuzyxu

zyxuzyxuzyxu

zyxuzyxu

zyxuzyxuzyxu

zyxuzyxuzyxu

zyxuzyxuzyxuzyxu

nn

nnn

nn

nnn

nnn

nnnn

),,(),,( 1
1

1 zyxuKzyxu nn

K

u1

u1u2u3

IF

xx ,3,2,1,0)(0 iui

w0=1

n=0

wn

)( n
MI ux)( n

MI ux

x FFIF

un+1(x)x F

un+1(x)un(x)

))()((max 1 xuxu
x

nn

=0.001n

NN=1000

n

n=n+1

mm

4DCT1

4DCT2

4DCT3

4DCT4

4DCT5

00000

00000

0000

00000

00000

)2,,()2,,(

00000

00000

00300

00000

00000

)1,,()1,,(

0000

00300

31123

00300

0000

)0,,(

yxKyxK

yxKyxK

yxK

)()()()()(1 n
MF

nn
M

nn IIwIK uxxuxxuxu

x

x

x

xux

2)(

)()(

F

F
n

M
n

I

II
w

u0

wn

un+1

unun+1

un

)( n
MI ux

IF

O(Eq. 47)=O(Eq. 48)=

N

O(Proposed Algorithm)=N

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Jo
ur

na
l o

f 
Ir

an
ia

n 
A

ss
oc

ia
tio

n 
of

 E
le

ct
ri

ca
l a

nd
 E

le
ct

ro
ni

cs
 E

ng
in

ee
rs

 -
V

ol
.1

5-
N

o.
2-

Su
m

m
er

20
18

Core i7 2.6GHz16GB

CT

CT

Castillo

CT

STPET/CT

T00%

T50%

4DCT5

T00%T50%

CT4DCT3

CT

CT

IM(x+uopt)

uopt

F
jxM

jxj

F
jx

)( F
j

F
j

M
j xuxx

M
jxM

jx

Re M
j

M
jj )( xx

R

R

ej

ej

ee

MLSPFEPFAFDF

ADFICBM4DLTMALK

CCLGLFC

LFC

LFC

LFC

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

YearTemporal Data4DCT14DCT24DCT34DCT44DCT5Average Error

(3D)

MLS(3D) 
PF(3D) 

EPF(3D)

AF(3D)

DF(3D) 
ADF(3D) 
IC(3D) (

BM(3D) 
4DLTM(4D) 

ALK(4D)
CCLG(4D) 
LFC(4D) 

[1] M. Saadatmand-Tarzjan and H. Ghassemian
Analytical Study of Self-Affine M J. Iranian 
Association of Electrical and Electronics Engineers, vol. 
12, no. 3, pp. 77 92, 2015. 

[2] P. Parsa and R. Safabakhsh, New Method for Image 
Segmentation Based on Multi-Objective Differential 
Evolution Fuzzy Clustering, J. Iranian Association of 
Electrical and Electronics Engineers, vol. 13, no. 2, pp. 
103 114, 2016.  

[3] Hill, D. L. G., Batchelor, P. G., Holden, M., Hawkes, D. J., 
"Medical image registration", Physics in medicine and 
biology, Vol. 46, No. 3, pp. R1 R45, 2001. 

[4] Klein, S., Staring, M., Murphy, K., Viergever, M. A., Pluim, 
J. P., "Elastix: A Toolbox for Intensity-Based Medical 
Image Registration", IEEE Trans. Medical Imaging, Vol. 
29, No. 1, pp. 196 205, 2010. 

[5] Flusser, J., Suk, T., "A moment-based approach to 
registration of images with affine geometric distortion", 
IEEE Trans. Geoscience and Remote Sensing, Vol. 32, No. 
2, pp. 382 387, 1994. 

[6] Li, D., Zhang, Y., "A novel approach for the registration of
weak affine images", Pattern Recognition Letters, Vol. 33,
No. 12, pp. 1647 1655, 2012.

[7] Riyamongkol, P., Zhao, W., Liu, Y., Belayev, L., Busto, R., 
Ginsberg, M. D., "Automated registration of laser Doppler 

perfusion images by an adaptive correlation approach: 
application to focal cerebral ischemia in the rat", Journal of 
neuroscience methods, Vol. 122, No. 1, pp. 79 90, 2002. 

[8] Boes, J. L., Hoff, B. A., Hylton, N., Pickles, M. D., 
Turnbull, L. W., Schott, A. F., Rehemtulla, A., 
Chamberlain, R., Lemasson, B., Chenevert, T. L., Galbán, 
C. J., Meyer, C. R., Ross, B. D., "Image registration for 
quantitative parametric response mapping of cancer 
treatment response", Transl Oncol., Vol. 7, No. 1, pp. 101
10, 2014. 

[9] Riyamongkol, P., Zhao, W., "The Hopfield neural network 
model for solving affine transformation parameters in the 
correlation method", in Proc. IEEE Region 5 Conference, 
2006.  

[10] Viola, P., Wells III, W. M., "Alignment by maximization 
of mutual information", International Journal of Computer 
Vision, Vol. 24, No. 2, pp. 137 154, 1997.  

[11] Chenoune, Y., Bouaoune, Y., Deléchelle, E., Petit, E., 
Garot, J., Rahmouni, A., "MR/CT multimodal registration 
of short-axis slices in CT volumes", in Proc. of 29th Annual 
Int'l Conf. of IEEE on Engineering in Medicine and 
Biology Society, 2007.  

[12] Niu, C., "Medical image registration based on mutual 
information using kriging probability density estimation", in 
Proc. of Annual Int'l Conf. of IEEE on Engineering in 
Medicine and Biology Society. 2004. 

[13] Lin, J., Gao, Z., Xu, B., "The effect of grey levels on 
mutual information based medical image registration", in 
Proc. of Annual Int'l Conf. of IEEE on Engineering in 
Medicine and Biology Society. 2004. 

[14] Samant, S., Nanda, P., Sahoo, S., "Multimodal image 
registration based on weighted feature and mutual 
information", in Proc. IEEE Recent Advances in Intelligent 
Computational Systems, 2011

[15] Palos, G., Betrouni, N., Coulanges, M., "Multimodal 
matching by maximisation of mutual information and 
optical flow technique". in Proc. 26th Annual Int'l Conf. of 
the IEEE on Engineering in Medicine and Biology Society, 
2004. 

[16] Horn, B. K. P., Schunck, B. G., "Determining optical 
flow". Artificial Intelligence, Vol. 17, No., 1 3, pp. 185
203, 1981.  

[17] Hou, M., Chen, C., Tang, D., Luo, S., Yang, F., 
Gucorresponding, N., "Magnetic microbubble-mediated  

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Jo
ur

na
l o

f 
Ir

an
ia

n 
A

ss
oc

ia
tio

n 
of

 E
le

ct
ri

ca
l a

nd
 E

le
ct

ro
ni

cs
 E

ng
in

ee
rs

 -
V

ol
.1

5-
N

o.
2-

Su
m

m
er

20
18

4DCT5

4DCT3

IM(x+uopt)

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
97

.1
5.

2.
7.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
26

-0
6-

17
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.7.7
http://jiaeee.com/article-1-644-fa.html


Journal of Iranian A
ssociation of E

lectrical and E
lectronics E

ngineers -V
ol.15-

N
o.2-Sum

m
er2018

ultrasound-MRI registration based on robust optical flow 
model", Biomedical Engineering Online, Vol. 14, No. 
Suppl 1, p. S14, 2015.  

[18] Cooper, J. R., Ritter, N., "Optical flow for validating 
medical image registration". in Proc. the 9th IASTED Int'l 
Conf. Signal and Image Processing, pp. 502 506, 2003. 

[19] Cao, Z., Dong, E., Zheng, Q., Sun, W., Li, Z., "Accurate 
inverse-consistent symmetric optical flow for 4D CT lung 
registration", Biomedical Signal Processing and Control, 
Vol. 24, pp. 25 33, 2016.  

[20 solution elastic 
matching", Computer Vision, Graphics, and Image 
Processing, Vol. 46, No. 1, pp. 1 21, 1989. 

[21] Marami, B., Sirouspour, S., Ghoul, S., Cepek, J., 
Davidson, S. R., Capson, D. W., Trachtenberg, J., Fenster, 
A., "Elastic registration of prostate MR images based on
estimation of deformation states", Medical Image Analysis, 
Vol. 21, No. 1, pp. 87 103, 2015.

[22] Mahapatra, D., Sun, Y., "Integrating segmentation 
information for improved MRF-based elastic image 
registration", IEEE Trans. Image Processing, Vol. 21, No. 
1, pp. 170 183, 2012. 

[23] Cordero-Grande, L., Merino-Caviedes, S., Aja-Fernández, 
S., Alberola-López, C., "Groupwise elastic registration by a 
new sparsity-promoting metric: application to the alignment 
of cardiac magnetic resonance perfusion images", IEEE 
Trans. Pattern Analysis and Machine Intelligence, Vol. 35, 
No. 11, pp. 2638 2650, 2013

[24] Khallaghi, S., Leung, C. G., Hastrudi-Zaad, K., Foroughi, 
P., Nguan, C., Abolmaesumi, P., "Experimental validation 
of an intrasubject elastic registration algorithm for dynamic-
3D ultrasound images", Medical physics, Vol. 39, No. 9, 
pp. 5488 5497, 2012. 

[25] Christensen, G. E., Rabbitt, R. D., Miller, M. I., 
"Deformable templates using large deformation 
kinematics", IEEE Trans. Image Processing, Vol. 5, No. 10, 
pp. 1435 1447, 1996.  

[26] D Agostino, E., Maes, F., Vandermeulen, D., Suetens, P., 
"A viscous fluid model for multimodal non-rigid image 
registration using mutual information", Medical image 
analysis, Vol. 7, No. 4, pp. 565 575, 2003.

[27] Castillo, R., Castillo, E., Guerra, R., Johnson, V. E., 
McPhail, T., Garg, A. K., Guerrero, T., "A framework for 
evaluation of deformable image registration spatial
accuracy using large landmark point sets", Physics in 
medicine and biology, Vol. 54, No. 7, p. 1849 1870, 2009.

[28] Castillo, E., Castillo, R., Martinez, J., Shenoy, M., 
Guerrero, T., "Four-dimensional deformable image 
registration using trajectory modeling", Physics in Medicine 
and Biology, Vol. 55, No. 1, p. 305 327, 2010. 

[29] Antink, C. B. H., Singh, T., Singla, P., Podgorsak, M., 
"Evaluation of advanced Lukas Kanade optical flow on 
thoracic 4D-CT", Journal of clinical monitoring and 
computing, Vol. 27, No. 4, pp. 433 441, 2013. 

[30] Castillo, E., Castillo, E., Castillo, R., Zhang, Y.,
"Compressible image registration for thoracic computed 
tomography images", Journal of Medical and Biological 
Engineering, Vol. 29, No. 5, pp. 222 233, 2009. 

[31] Castillo, E., Castillo, R., White, B., Rojo, J., Guerrero, T., 
"Least median of squares filtering of locally optimal point 
matches for compressible flow image registration", Phys. 
Med. Biol., Vol. 57, pp. 4827 33, 2012. 

[32] Thirion, J. P., "Image matching as a diffusion process: an 
, Vol. 

2, pp. 243 60, 1998. 

[33] Gu, X., Pan, H., Liang, Y., Castillo, R., Yang, D., Choi, D., 
Castillo, E., Majumdar, A., Guerrero, T., Jiang, S. B., 
"Implementation and evaluation of various demons 
deformable image registration algorithms on a GPU", 
Physics in medicine and biology, Vol. 55, No. 1, pp. 207
219, 2010. 

[34] Li, M., Xiang, Z., Xiao, L., Castillo, E., Castillo, R., 
Guerrero, T., "GPU-accelerated block matching algorithm 
for deformable registration of lung CT images", IEEE Int'l 
Conf. Progress in Informatics and Computing, 2015. 

[35] Saadatmand-Tarzjan, M., Ghassemian, H., "On Analytical 
Study of Self-Affine Maps", Journal of Iranian Association 
of Electrical and Electronics Engineers, Vol. 12, No. 3, pp. 
77 92, 2015. 

[36] Khamechian, M. B., Saadatmand-Tarzjan, M., 

No. 1, pp. 1 8, 2015. 
[37] Saadatmand- -affine snake for medical 

 Vol. 59, 
pp. 1 10, 2015. 

[38] Saadatmand-

Electronics Express, Vol. 6, No. 23, pp. 1683 1689, 2009. 
[39] Seyedarabi, H., Aghagolzadeh, A., Khanmohammadi, S. 

Kabir, 
feature-
Iranian Association of Electrical and Electronics Engineers, 
Vol. 4, No. 1, pp. 11 19, 2007. 

[40] Xu, C., Pham, D. L., Prince, J. L., "Image segmentation 
using deformable models", Handbook of Medical Imaging -
- Volume 2: Medical Image Processing and Analysis, pp. 
129 174, edited by J.M. Fitzpatrick and M. Sonka, SPIE 
Press, 2000. 

[41] Weinstock, R., Calculus of Variations: with Applications 
to Physics and Engineering, McGraw-Hill, New York, 
1952.  

[42] Xu, C., Prince, J. L., "Gradient vector flow: A new external 
force for snakes", in Proc. IEEE Computer Society Conf. 
Computer Vision and Pattern Recognition, 1997. 

[43] Patty, S., Finite Difference Methods and Solving the Level 
Set Equations Numerically. Tech. Report, Department of 
Mathematics, Brigham Young University, 2010. 

                                                
1 Computer tomography 
2 Magnetic resonance imaging 
3 Positron emission tomography 
4 Single-photon emission computed tomography 
5 Ultrasonic imaging 
6 Image registration 
7 Intra-modality 
8 Cross-modality 
9 Intersubject 
10 Intrasubject 
11 Rigid 
12 Nonrigid 
13 Affine 
14 Rigid-body 
15 Deformable models 
16 Energy functional 
17 Optical flow 
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18 Taylor series 
19 Elastic 
20 Navier-Stokes 
21 Viscous-fluid 
22 Deformation 
23 Mutual information 
24 Landmark 
25 Moving least-squares 
26 4D local trajectory modeling 
27 Advanced Lukas-Kanade 
28 Combined compressible local-global 
29 Least median of squares filtered compressible flow 
30 Passive force 
31 Evolved passive force 
32 Active force 
33 Double force 
34 Adjusted double force
35 Inverse consistency
36 Block matching 
37 Energy functional 
38 Non-conservative  
39 Bilinear interpolation 
40 MATLAB 
41 Anatomical landmarks 
42 Bronchial biforcation 
43 Superior-inferior 
44 Inter-observer 
45 Intra-observer 
46 Advanced Lukas-Kanade 
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