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Abstract  This paper presents a new robust and fast 3-D image registration method based on the
equivalent meridian plane (EMP) and mutual information (MI). Comparing with traditional MI
based registration methods that estimate the MI using the whole volume intensity information,
our approach uses the 2D plane— Equivalent meridian plane’s information. A novel aspect of our
approach is using principal component analysis to find the equivalent meridian plane, and then
compute its MI. We evaluate the effectiveness of the EMP-MI approach by applying it to the sim-
ulated and real brain image data. The experimental results indicate that the algorithm is effective

in reducing computation time as well as in helping to avoid local minima.

Keywords equivalent meridian plane; mutual information; image registration; principal compo-

nent analysis; local minima

1 5]

T

PR 2 R RO HE R 48 0 T — R B2 2 R 55K
— i (B — R 5D 25 ) AL e e S 5 — i R R

XF N RA B 23 18] B A — B XM —BUR I8 AR Y
7] — i 1) A R ] R A A ) A s 1) A B
P8 245 SR IO folE R s PR L P A 4 A 1 DS . TR T
Y10 32 B H 0 25 R s I R o P 1R N 2 2 1
B Z U A A — B0 45 82 e 5 FE 2. &

Y H 191 :2007-08-19 ; S & & B fa i ) H 191 - 2008-12-07. A 815 3] B K “ L& =7 5 5 FE 0l 0F 78 & & 11 %1300 H 3% 4 (2003CB716103) .
H 5 A RF 54 F S50 H (30730036) T4 HARFH4 345 (06301304) ¥E Bl AHRTR. B . 1981 4R A4 {4 YU . = SR 53 07 1) h I 2%
PR T o 5 A L PR R BB R, E-mail s luzhentai@163. com. SBETHEL, J . 1977 4E A YFIT , 32 2 A 35 2 2 PR AL B85 1% 35 48 A%
D7 WA SRS, B ETEE L B, 1974 AR W BB F S O A A P A R AL B AR SUN. BRECL L 5. 1949 AR B A R0

T U A PG4 B RS AR S 5 T SR Bl AL S A



1612 it =

Bl

e IR 2009 4F

I P8 73 B M Ak L 5 B A0 R O TR A5 0 EE L 800 il
B AR AT AN E R R A e BT A PR ]
PBC R AT PR 2 PB4 P 40358 ) — A K T
R T i PRAZ W FIG T A B0 S PR IR R T LA
P (A A A B B RN AR A RO R A TR
A5 5L Hetn CT &R AT LI & i 45 1 1 241 U
JE o3 A1 D s MR BEUSCRIEE P (US) [ 44482 416 1 U
BAAM{E S PET.SPECT RE S e A A (49 2 RE AN
FRHE B B2 A R E A RE AR G IS 2 T s
ZL R IS L T R A TR AR A 1 PR R 5
—i& ., 3B £ B DL TR A 2 A el
25 I 0 - AT AC S T A 1 32 W sl i 3T 6 3 1 3
VIGIE S

FIHIT C A 22 Pl AOBE HE 7 3 R AT L2y S 2
T PG A A T AT 8O0 ) I VR 7 k. R T BT AR
FFAE 18 D7 1% — B i 54 P AR L A5 T A 1 A 1 4
FEVREAIE S TR e 2 000 1 R e AR AL 45 A5 L LT
L FNHE B 25 %07 15 T E SRR LB {EUJ E M 1 RS
J3E BRI B R MRS 1 5 . R T DL T L BR
A BB A5 7 B L 5 A2 4% AR ME R 4T 9 114 B
B T PRUGOIK JEE 1A BE HE 7 96 A T 5 BRURF IE A5 T
S AR B BE A5 B AT BE v th T MU T
ST K BEAE R R e — B 5 B A B BONS 1 Y 1E
WSS R Hrh R DG L B/ O 28 R ELAE L
TSR LA R T 7 R AR G — S Bk ok
T B AR ST A P 5 dre /NPT 22 35 00 B K ds
(1 3 20 B SR A0 AR 1Y) 7 B R R AR U By
R S Y (N E A S TR AVEL B4 2 i
BT R AN AR g i L A ) RO T )
BREL A B % L AN 2 1) 00 0 BT 7 2 fo A% [ A Jmy 38
PAE. AR B R HOR R e ilt JLAF 2 R AT RS
PR C e 19 — Bl A 2807 vk B —Fh B 3l TR
RIKIE R TTE E A 20 B bn 3 e B R
ik AN BB PR 9 K BE (AT AR RS R
DR T £ T 555 P45 300 ) 32 I o o R R 2 P R
Ak 250 4K

A JEF LA L TR A B i T — AR A R AL
JKBERASS & WS — R TR AR S HAG B
PR = e R R B HE S k. B ke TR T
YA R e G B2 T T Bk R R O 11 08 e s B R Y
e B A AR R U5 S A 0 a0 B 4R LR
SERCT P R LR AL B AR v AL AR R R L (S AT
TS XY P TE A DT S8 1O I T 5 A A0 G 1fE

I B B S R AT BN B R XY P T
9 EL AR R R AR R T B R L B TR A
Jey F AR AEL 4 7T g

2 FEWTFF|E

X T =4 EUR N L TR AR G EC L T
AT A A 1 A S B0 PRk T o T 2R R A A
S AERAE I AE R T A A B RO, TG 1 A i R 2
B3 A e A [ N (U R & 37 N T et 12
B B TC T R 1 S — A ORI A T 9 DT A DR IE K
JFE R RTHR T o B2 /5 O o Y o R 2

FATHN B F 4 172 B 2 b ) — A AR S
B A b BR g b AR T T B £k CHb Rl 1 OF- T
Mo BR 32 Bl n] DUE 2 18 1R R )2 0 T
A1 T 4 8 oty 2 s O 80 8 110 Bl 2 T 4% 360 TT
PATE B — 1> = 2% 1 3okl 2 10 ~F- 187 B R 3% = 49
PR 77 T = 4R A 152 Bl n] DA R AR R 7 TE Y
G gl W B AE EE G B R R A A 2 ) 5
BT U A = e R (HIZ =R — R AR
ANKLIN B s SO BB SR B — M 3 X B /P T AR
SCEE T S RCT T A ABE S DT AT L) AR T
AT R R = HEW iR Y 5 .

EX 1. XTW 275 BARE & =4k,
A3 3R LB — F RN 5 22 0E SS9 AR A T il
55— R RN A 3 Bl T A T AR 2 R SR AL
/F- .

D e T = | I D 135 B o
B 7 R R A A B — R AN SE — . 55—
Fo 4 Sk 2E Ao A 1 B U ELAR L A S S T T R
ZE LRI BE B 7 5 AR /. 5 2Z IE S W EHAR BN
5 E 1) iR, 78 = dE 7S a5 — 5l
G Z F 0 e T — AP B RS T T A
B 3 AN - 18 ) 5 BE 5 0 5 iR N BAE AT T
I, W 1) fR. T = 4E R R — e AR
AN B T DA G5 58501 TR ME — 8 2 1. A ORI
B R AR 505 B B — A" HE 807 1 °F- 1 3 A
ST AT DA AR HEAS = 2 W AR 32 8, i AT LA
PRTHE A R H AT A P REL TR 7 9% S S R A
FH 8053 3 A AT B8 A DAL I S Tk 2 3 A
BB A ERWE BN ST A Y
M) o 7 LA OGF T 74 5 SR b, VAT 5



8 1 JYR AR A T AT TS LA R A I 2 AR B 1613

5T 3 2 17 0 1 2 3 4 5
(2)2-D

F1 Bl 4 B T O ) A 3 — b BB R RN SR = RO

=4 R AR B TG E OC B R ER B ST R
T B R AE Al R 1 T v A BT TE Y
DI XS N s ] AR n oy =4 m & X =
{(isyinz)Ti=1,2, 0} o X B 20y z 2 2 Bl
v HUFN = BT 1 A AR AE. BRI u B B
L

il 25 C Fam R
CZ%IZ;XiXiT—uuT (2

XF PP T 22 HE M C AT R AE B 20 % 75 3 RFAE 9]
A E AU V. E BS54 N i KARIE
{EOXS IOE A8 AR AR [0 5 d5c S5 — A7 Ry S /N R AE X I Y
FRALE ] 5. DAY

Y=E(X—uw €))

=5

(d) ZE 4 7R 1 (e) ¥ J5 (R TI2

(b) HiR2

2R K 4 AR i (PCA transform). B
VE & LA s BE A rpol s, BLE 7 236 B C Y 4F
fiE 1) 5 BT 4 7 16 04 o Bl Bl A = A 5 ) S —
ASHRYALAR R GE IR UT A B B ARG JE b v, AT
SRS XY R ES. XS E & —Fh
T s 4 E R A e e E L AR RS o By B
A= YIS o350 0, 0,70 0, WA
R=R.,(0,) « R, (0,) « R.(0.) D
PNIDEIRPEE
0,=arcsin(ey; ),
0, =arcsin(—ey, /cosl,) ,
0.=arcsin(— ey /cosl,) (5)
2 o I Sk B = A A TR 5 B S A 0 7 e A i
. & 2(a) & — 3k B = 4E MR . (b) e #e o E1%
43 B 8RR @ 7. (o) () FHCh) &

() Az 4 Ja 7 i ot

B2 SewP = 4ERE R R HAR )5 (45 2R



1614 it =

Bl

e IR 2009 4F

5. (d) . Ce) 2 B () Fl(b) #EAT 32 LA A8 e )i i 4%
(DR D FCe) B G EAR. NE A LE H E
B3 A8 B 2 e AR B b0 B B A A AR R R
MR HG EIE R & 2 Ly B 2 AL

3 ETSEYFFENEGREERE
3.1 BEiERE

AR B R e i — AR ROk B WA
BB MLAE B 22 6] AR U PED . e A2 I 2 R T o
[B) R r 2 SR VO P A5 R U5 T A ) ) R I A LS
BATTEE T R [R] A A R AE R 0T LAY T i R
25 AL 58 4 — B B AT X AR R 1Y K B HAR
B BB KA B — i R 3R 3K 19 56 F 53 A — s &
B fE B 2. XAE B 505 B i X T 450 K
B A FEUR BB AT RS 2 SO

H(A)=—> P, (a)logP,(a) (6)

H(B)=—> P, (hlogP;(h) <)
b

H(A.B)=—> P s (a.0logP.s(a.b)  (8)
ash

Hor Pao Py Pap 330l AL B BIEAR I3 A FIHK 5 4
O AT LLE S H — A 2% BB K BE L D R AR
K LT A B A B E N
MI(A.B)=H(A)+H(B)—H(A,B) (9
S —BlAR LR AR SR R T B R A
o 0l A8 = 24 TR R U AR R T D vk AT B A
Ohy s T YA 36 R 5 A2 P i e 4 [ 99 4 ICME 5 vk
78]
—fEk

TAEARAEA T R B T AR K AR A R O i
i AEAR AT B A DX A IR DR B R ) 2 R U
S B0 R RE SRS L. AR SO 4 Otsu BEED RO
HAR SRR AR T AR R oA k. BRI
Otsu 533K th 4 Jey BIEAE 4 WIAH > 28 J5 76 40 {EL R 3
WRITE AR S A EEREE R R S
LR f RIS 1 1R (L RV A A A fEL. X ol 5 vk AN AL I
B PEIAG HY IK E o3 A1 10 L% RS BR300 23 8] KBRS
SVEL Ly B B85 I A R 2 18] 1 N ARG AR B A
TR AR AR 88 1 KA AR
R B B G R RE 05 15 B BT 4 9 45 2R
3.3 ETSHTFrEMEA

HT T ] — 0 5 A T A2 285 4 T R A A 1) B S
e PRI A 28 TR A R S AR R TR =

3.2

HERCHE h — A AR R B B T AR A R R R
S T PR 2 A9 P 75 R /N 3P T s E — 5 E Y.
T 19 > = A P8 A T A T A TR] A DRy S5 001 7F T Y
X S RIS 2001/ T LA S A R I 5 1 15 e
O

AR SO A S AT JR B Y O s ol T TR R A
X PSRBT T ORLBCHE | B A AR C B AN 57 A
T7T 38 B 1 I8 AR T AR AL F) T RE P RGN S AR
T R R C 258 4T LI R ST o A 1Y o
B G RRA = EMOE  BAE R R AR L X RR
W T

— PR ik Y e 5 2 A i RO R
o FE e I o 3155 ] [1) bE 5K ELS 50 B A JR) iR A (B
LR L. Sy 1 i PR — ()AL, AN B R 32 B
CIRECR R R G R R TR R VAR S L~ 2
B b E] = B XY 1. A& 3 s, AT J7 £
RCAERENSE 8

/: Ay
S /

! |

I 1

| I b 0.6

LA T

|

| i

’Y |

& 3

AR 4 A BRAZ  Hh 0 RS B T B 4 3k
AN 55 o 33k B U N — 1 T A S % RS
T3 — AR Ry 7 Bl G ALE /0N 10 31 T PN 9] 35 5148
V- B FRERE A T A R G BE R R R RS S
AR G Y R R A B BURY WA B A e
R HAF S I A 28 e 280 X AR T AR
T B AL 1) 1T BB
3.4 FEEHER

ASCE R EES AT . Bk AR LA 4.

1. G E R ME R AL By HE £ (Ml 45 5 i 4
TR 5

2. 43 BIRHEE A LB 50 B 7 2 5 1 5

3. 7145 PCA 54

4. FIJH PCA A8 e S B 1 5 Ak B AR v Ah b5 & F 5 588
HH i AE 5

5. /NS B P I 0 3 PR 0 o L D ) )2 (T
ZF T B A% B S A PR AL B R AR e S8 T A B A
KB EE 58 2 e HE.

% PCA 7B J5 S5 50 F 47 T (1 1 &



8 1 PR FE A B T AR T AR T S LA B R B A R E 1615

| fiifk |
v

| WL - POA 22 4t |

HRCHE B 25 2T T
LR

B4 Bk

4 ZIHWHER

FAT b U Y S 5 8 R B 1 GEAE EMP-
MD 55 F A5 B & 17 ik GEAE MD 75 i ks 2
Iz A7 ] BT . A5 R ] POWELL
BN G S EOE T RITUT N (2,1, 0
0..0,, 0. F B Jr B AL T HE 5% 52 23 A i ok H
64 {7 JK BE G, W) AT AE R FIORS BE b 2GR B8R
ROR A SCIT A 92 9 1 ok A 64 A7 K 2.
Matlab7. 0 7 PC #1 - (P4 3.0 GHz CPU, 512MB
WNFF, Windows XP SP2 #:4/E R 40) #4717 9255, 71
SRS AN TR A5 285 1 = 4 TR AR 1 AT I . X T 2 8 T v
F18 795 T PR b ) — R AE D H AR R 5 — WA R TR
B R DR IR S 58 oy F = Bl 20 53 2 A7 e e (o
B0 ) HUT oy y B2 Bl ) E AT B R - 1R
B TR A AT 2 BE AL AR AL SR A
MR SRS B 2E 1T MR RS LB
T o 3 B AR HEAT 100 YR S2 56, IE v AR 2h B R
B 52 5 SR LU AE R S B .
4.1 EIEE MR E &R

MR-T1 A MR-PD iidl MR El{& ., KNy
H 181X 217X 181, 8K K/MRF 1. omm®. E B ELH
BrainWeb(www. bic. mni. mcgill. ca/brainweb) , 4l
Kl 5 .

MR-PD EM&AE N Hbr B4R MR-T1 K& AE N
TR G A S v e 2 ) B P B8 36 2L — 10,10
Byopop . & 1 N SEm s AL, 350 g iz 47 i ) CBRLAL
min) Fl R T K.

- ae et
(a) B () HERE1

(b) HARER: (o) @R
POl i AR
Kl 5 SR
*x1 BWELEZR
Hik B ]/ min EEE
MI 10. 14 100
EMP-MI 3.69 100

NS g 45 R AT U R BB HEA T /N )
AT W G Rl B 9k 38 RT DGk B 10020 AR T R 5
EMP-MI 5332 fir F I ] 4 /0, S04 7 2803 8 MIT ik
2. 7 1.
4.2 [E—mARKE MR T1 IniE 12 i E &
[i97:3
FUGIC A BIS B2 BRI UG 4R A4 Fh i
I 5 182 % Bl (http: //nova. nlm. nih. gov/Mayo),
PRPE A 27 2] 22 R S rh BT B Dy — il 3 A AT
Jib g s A T1 nACRn T2 Al MR B4, 2 4
LR AL, Hop T1 EGK /N R 256 X 256 X 62,14
Z /MR 0.937X0.937 X 3. 0mm, T2 E 1% K/NHK
256 X 256 X 62,42 & K /NK 0. 937 X 0. 937 X 1. 5mm.
W T1 BRI AT V- 5% FURE 5% , 7 7% o 71 E 5% #f) B2 1
JEL—20,20 ¥ 5) oA, SEom 25 R W4 2.

xk2 BMAESZR
Ak I} 7] / min W% Y
MI 25.16 94
EMP-MI 7.04 96

EMP-MI J5 i 1 B H 2 96 26 . 1 MI J5 15 1)
DNy 9470 G847 HHE D EMP-MI 7351 3. 6 £

Kl 6 s A ] EMP-MI Sk R 5 iy 45 5 il |
BT TLT2 B AR T2 shZ 3 T1 51y
PR N ZE B MK R 5 24,28, 32 J2 BT
4.3 FE—mARKE MR B%5 PET BRI E#

B R2 B http://www. cs. tut. fi/kurssit.
CamE RIS WE 7,01 E2=T 205 MR A
PET B, I Zc 3 A MUK Sy 8 6 T < R T R 5 AR
. MR [ 1% K/ 128 X 128 X 63, 12 2 K /N Ny
2.1X2.1X2.4mm,PET K% K/NH 128 X 128 X
67 B E K/ R 2.1X2.1X2. 4mm,.

7 PET KR AR Bt & 22 45 6] 73 B 3 4
K, 5517 T 2 52 3 A AT — 8 TRIXE. Dy 7 gl A i R



1616 it =2

¥ e 2009 4f

7 SEH BT G MR OGS 145 B PET 5 2 49) I
190 I Z B4 MUy BOBE T AR TP REAR

HE 1 00 BATTTE B 45 AT A T R e AN S 2
AV LA R BIHRE XY S X Z - T A
YZ 16 A HAG B . X PET EMG 47 B8 R e 5% .
PR 2 [ — 10, 101 33 59 73 A1, e 5% A1 J5E 9l A2
[—20.20 ¥ 5] 73 A1 SR 45 R WL 3.

®3I MmMESEERE
Bk {5} [6] / min I/ %
MI 11.68 90
EMP-MI 4.61 92

HH TCHESS SR AT DL % T 40 BE R IR PET
K5 EMP-MI 553475 9K BE 8 35 B 40 1 8808 S 183
KA 92 % o T MG 1 T 6. 1 JIr F I ) 2 4
MI ZE 7 1/3.

4.4 [E—fmARE MR E&5 SPECT E{RHIEL 4

E4 0 H BIS & 2% B 1% £ (http: //nova. nlm.

nih. gov/Mayo). WWHE 8, & T 4%~ MR #I
SPECT 44 « A2 30 A5 MUK Ay A 1 18 < AR 1e i ek
IRTE. MR BRI SPECT B B 28 i & 5 e o 4
1% K N 256 X 256 X 124,42 22 K /K 0. 937 X
0. 937 X 1. 5mm.

8 LEFTAEME MRGE 1 17) Ml SPECT (5 2 47)
PG DA 2 30 A MR S A8 W TR 9 HR T 10 et AR T
YA R TC B OO L TR S AT AR
R M e WA 5 2 1 AP TE 8 A R
it X SPECT IR #E 17 1 % e . ¥ # & i 2
[—20.20 39 5) 53 A Jie S M BE W /2 [ — 10,1039 7%)
I3 SR AR WA 4.

F4 BELER
Bk i 7] /min R/ %
MI 36. 60 75
EMP-MI 8.43 92

il BT LA ) EMP-MI B3k 76 K5 5 A
JE B BATHO W A0 A MT 535 e HE i
DA P BAR AL 7500 1 A T EMP-MI 55 3 ¢ v
IR 920+ BT FH I E] 2 MIT 553k /Y 23 %%

5 &

AR SCE AR T A R0CT 77 T 14 M & K HE R
) = 4l PR oy AR A IC b ST AT 320800 e B Y
7 W R R T A T 5 JRORL IS O SRR T AR AT
AT L 4 AR U R A TORE B I 0. A S 2 2R AT LA
L T ol 5T B A JR) T A D T RE A VI LR b
P T O ) AU RO T P T = 2 e PR B
B4 [ PR A7 A R G A B R AR T kL 45 21 1 4
BT F AR AR A RE AR 3R It = 4E W 1A 1 32 3l PR T 2
Oy FEORM. X T3 — R AT 7 2t — 05
ARG 12207 1% 19 3 A 1



8 1 JYR AR A T AT TS LA R A I 2 AR B 1617

2 % x #

[1] Antoine Maintz ] B, Viergever M A. A survey of medical im-
age registration. Medical Image Analysis, 1998, 2(1); 1-36

[2] Zitova B, Flusser J. Image registration methods: A survey.
Image and Vision Computing. 2003, 21(11): 977-1000

[3] Maes F, Collignon A, Vandermeulen Dirk et al. Multimodal-
ity image registration by maximization of mutual information.
IEEE Transactions on Medical Imaging, 1997, 16(2);: 189-
198

[4] Alpert N M, Bradshaw J F. Principal axes transformation:
A method for image registration. Journal of Nuclear Medi-
cine, 1990, 31(10) . 1717-1722

[5] Bulow H, Dooley L, Wermser D. Application of principal
axes for registration of NMR image. Pattern Recognition

Letters, 2000, 21(4): 329-336

LU Zhen-Tai, born in 1981, Ph. D. .,
lecturer. His current research interests
include medical image registration and

fusion.

FENG Yan-Qiu, born in 1977, Ph. D., lecturer. His

Background

This work was supported in part by the National Basic
Research Program of China (973 Program) of China under
grant No. 2003CB716103, the National Natural Science
Foundation of China under grant No. 30730036 and the
Guangdong Provincial Natural Science Foundation of China
under grant No. 06301304, In these projects, medical images
and electrophysiological signals are the main research focu-
ses, which are also key problems in the current field of medi-
cal information processing. The research outcomes of the
project not only enriches the content of life science and infor-
mation science, and promote the development of these fields,
but also become a kind of new knowledge economy in post-

processing software of medical clinical information. Especial-

[6] Gonzales Rafael C, Woods Richard E. Digital Image Process-
ing. Boston: Prentice Hall, 2002

[7] Studholme C, Hill D L, Hawkes D J. Automated three-
dimensional registration of magnetic resonance and positron
emission tomography brain images by multiresolution optimi-
zation of voxel similarity measures. Medical Physics, 1997,
24(1) . 25-35

[8] Carrillo A, Duerk J L, Lewin J S, Wilson D L. Semiauto-
matic 3-D image registration as applied to interventional MRI
liver cancer treatment. IEEE Transactions on Medical Ima-
ging. 2000, 19(3): 175-185

[9] Otsu N. A threshold selection method from gray-level histo-
grams. IEEE Transactions on SMC, 1979, 9(1): 62-66

[10] Zhu Yang-Ming. Cochoff Steven M. Likelihood maximization

approach to image registration. IEEE Transactions on Image

Processing, 2002, 11(12). 1417-1426

current research interests include medical image analysis.
FENG Qian-Jin, born in 1974, Ph. D. , associate pro-
fessor. His research interests include medical image process-
ing and medical image sequence coding.
CHEN Wu-Fan, born in 1949, professor, Ph. D. super-
visor. His research interests include image processing, pat-
tern recognition, Gibbs random field and generalized fuzzy

set theory.

ly, it will provide new intellectual properties for independent-
ly development of medical imaging equipments in China.

The research group’ s interests include image under-
standing and analysis, image segmentation, registration and
medical image computing. The group has proposed some no-
vel algorithms about image registration, such as elastic regis-
tration algorithm of medical image based on the prior knowl-
edge and Markov Random Field model, a new registration
method based on co-occurrence mutual information, etc. And
a fast 3-D medical image registration algorithm based on
equivalent meridian plane and mutual information is presented

in the paper.



