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Abstract Medical image registration plays a positive role in clinical diagnosis and treatment, illness monitoring, surgery
and so on. With a medical image registration framework as the mainline, this paper presented an overview of classic al-
gorithms and new technologies involved in the various modules of the framework, as well as related performance analy-

sis. Moreover, this paper also involveed the development platform, test database and evaluation criteria, giving a compre-

hensive summary of the latest development of medical image registration technology.
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[A A 3B K, Plishker™ % A 4% B2 2# B R B HERY I B AR
BATRABEFETE.

2.2 BE¥ERKENERTE

— ki, MR RO AE R AMIE LT 4 M E B . OFS Rk
(Feature detection) ; @ 4% 4 VLB (Feature matching) ; @A #
ERIfE 1 (Transform model estimation) ; @ & 18 & K £ f1 45
#: (Image resampling and transformation),

Crum A, BREESE RE K EER/UTE
%:

O TGRSR AL ESRREWE, InE
S RMEE;

QO E— B, WRE AR IR 5 5 R
(elastic) iR H I BHEKSE;

Q@ E R E RS, B AP IEFEHE (nearst neighbour) \ =%k
Y48 {8 (trilinear) . sinc {H{H%;

@IRTHSH, LB R AAB DI BE .

AT RS S ER#E L RERRETERAE 1
ATFTHEEHEREZR , SR J5 ST 5 X B HEHE 2R A 45 M8, S L P ]
B RBIMHE L RFREHTAA.

2.3 EXRGEEEXIER

1B EAWEXEGRAEER., SHAHEH f
CORM m(Y)ZRBIREAEG FUEE BB M MGFEIE
B, KP X, Y 33AF aEENEXBERHEBERED.,
HREETERIR—FILAELR Tr¢ BRTRGENS
O E S(FXD ,m(Te(X)) BURR A RA (D).

S(t)

Image
Interpolator

Bl —AEARNERERREER

S KT B B R B AR E LK) B AR R &, AR DU
(Similarity Metric) X [FE BB RS A ICHE MR, BEEMEE

PR RRBT 4R 6 3.
T =arg limS(f(X),m(Tt(X))) @Y
‘ @mAﬁR&%W@EE@ SANEASHERE FOOME
ZHE m(Y);

Q& X B E X8 X 31T JLAT A8 AR 2 % (Trans-
form) , BB IR I, Te(o) 47, Hib ¢ RRTHRBY

QiE 1t 1 {8 Bk (Tmage Interpolator) 18 3 3% 3 &l 78 X 38,
Te(x) B BE m(Te(x));
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1) JLfaf 25 3 Transform) # 5% B %5 [l X (Fixed Volume
Space) i ) 1§ % 4k 5 B 7% 35 & 25 /8] Y (Moving Volume
Space) %, SEMBEHR  XERL BN THE. HHNIE
TN FEh B s A E RS EE s R =L SR,
AR FREENHELE. 2 5F8%GEET LR 2D, Ha L
1 3D, B7 LA RS FT L2 2D-2D, 2D-3D Bi % & 3D3D 2
) B AR 2

2) B4 3E {8 (Image Interpolator) &4 T i+ sh B 3k
R SR EE. B TRFEGREEMERGARIREERE, R
AR AAEREME, TS EZE SR PR SBRHETHEE
BRI BEARFERE S L, S T B S sh P E#E ﬁﬂbﬂgﬁ
EEA LE TR BIEE.

3)AMBL T B (Similarity Metric) 4 Sy — fh % W FA ok 3F
#r&% B FEEES PN EGICERANE, REEER TR
REBHITRSY, CHEE WEHERUR IR,

4) FRBUCAL (Cost Function Optimizer) , Bg #3087 DL #
R R—AE SRR, AR SRR E B R R
FEREESENRAE AR, DUE R . B s
AR, FESFI SR R WE L RIAERTITHE.
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JUfRIAE 60T 43 9 B 44 A8 #k (rigid) #1J Y ok AE 3 (non-ri-
gid) B2 H AR R R A 4 AT 43 o 05 53 8 e Caffine) (1
A5 4 (projective) FIHH L2 A8 M (curved) 3 Ff1,
3.1 RIEE#R v
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FBE T E S FIF- A5 PR AR e
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FRR A e, {H I A R R e 5 JE R R B AR 455 19
773K. Ramirez %0548 — M ET W RIERCE T B, B0 AW
A B < 88— W B R e 3K BBORS B (4 e 8% 1 - RUBLRE B9 F B Al
i BT BRI BT, BB R
BEASARERAESH, LIRS ERN L RMET. ZrES
BELHHPZE BITEREEER. SRR E KA KR
&% 3wk 2,6-9].
3.2 FERMETEMR
3.2 HT#Hk

1 ERMST A BRI ERETAT RIS ER N 0 5 B
— RIS R A TFRIES T CT S8 EA5 BT YEK
MR B ERBATEHE AL . RGO WAREERE
AR (ORI R EL. ZHBR TS5 ER
P:(z,y,2)>(2 5y DT UFERR:

2 =textityytitaztt, &)
y =texttyytt.z+t, (Q10))]
¥ =texttyy o+t an

R, IR AT AR AR AR (D W FRBARTE R, BRERE -
BH FEARGIRE ., Hoynh % A £ —fE T 58
B R BB AT %, O e AT H B I T RE eS8 B m
POtEHEE.

3.2.2 #¥YL#®

W HLBST R B AREREE VAT, SRR TR,
HRDF p Flw AFELSRF p=(0,0,0),w=1. BREHEL
BRETHRNTE FTEAT _4REEGRS Z4KREEN
BoHE, T =4 ER B BRI,

3.2.3 HETH

Y LB Ky 2R FR O i R B B (curved) (B IE R HE AR
# (non-linear) |, HiPEAF# (elastic) . Af A JE AR # (deformable) .
H#12E#e (warping) . FEF T MM A EETIEEUE B
PR, s ARSI 2 R B A8 I Mo RS R A 25 MR B o .
3.3 FERNNREHRNEERE

R R R S R R BN R R £ E
HRELEERERETHHERMGRTRGBEER, XT
BB, EERERNIRERS R EES, BT
A B EE B o B R S A A R 38 B R S A
B ORTFIEREESE, UEERKS RFRFHT T3
BHHATE, FEEREESORIMEBBREY. TENY
BRI 4 I T2 ) A B T v BRI Ak,

3.3.1 ATEEER

HETERBHRN %, FEASHRBHEDY HR
4% (TPS, Thin-Plate Splines)t' ') 0 5 5§ ¥ 3% (basis func-
o)™, rh, B REE EMARNY BERY, HiRKE
£ (TPS, Thin-Plate Splines) B 558 Booksteinl® Fj FE 2%
EMRECHE, TR 4 F MBS, BRI R 2B —f

BEAATEAE T B Kim!'™ % A48t — % B s @R 2R 1%
Rohr % A U7 2 T AR B 5% B BL /B (9 3 £20 0 B2 ( Approxi-
mating thin-plate splines) , F 3 75 IR 48 i s Xt 22 18] ) & =) )
HREEFEIRE,

3.3.2 A T4 A (pseudophysical models)

HEA 21 48 P EHUREMR R B S T BRECHETE
CHGMBR, R EARFR ARG Z R EE SR
F R MBI LR, MR HE ) — R R 7 8, I TR A
43¥75#2 (PDE, Partial Difference Equation)™®?\ ) it ¥ J5 ¥ #1
#*F BH LW H I T A (FFD, Freeform Deforma-
tion)™®#4 | 3F PDE RYRCHEH 2 HE S BRI TR s
MM R, XERES TR UAMEER
(psendophy-sical models) 1 B: W3k, T E M FEHMMER
(Elastic ModeD) . 36 358 & (Optical Flow)  KitE R AR &Y
(Viscous Fluid ModeD) % ; @R 5> T BT LA RE A
FR A% 41 #5t i: (Finite Difference Relaxation Method) , 5 FR 7T
% (Finite Elernents Method) . 7344 FRIT % (Hierarchical Fi-
nite Element Bases) . £ k& ¥ (Multighd Methods) & /[N 28
i (Wavelets) %,

D ¥R (Elastic ModeD)

BPERTARYC S B B R R AR R B AR TE R
By — AT R B TR —E R R s ik,
XA-YEE R ) N RS I BR TR I, M4 T
LSRRI A B G AR S R TR . MR IR T B]
LI Navier 2R REHR ., MRS TR FEFRE,
Ay RAE A B 225 1 LA BRIGTE L &5 WA B L 7B UK AR AL 3t v
(SOR, Successive Over-Relaxation) % 3R f#, sAtEAr SRy
— 35 T HRE B/ PEER , AE TR,

2)¥EPEFLAR BRI (Viscous Fluid Model)

Christensen™™ % A$2 H T REVEFLIRMERY, fFTE KRR
HIFT 2T , 1 53E A A )M 2. 18] (Inter-subject ) 61 45 B i 22
RIYACHE. WAL AT LI Navier-Stokes {77 B KR
Christen-sen®) %5 A % B KB IR #E. Nielsen®”
FZARE T —FPI PR AE 2, T b Christensen /)
FHEELRE-TMEER. ZEEFEN ERERTE, B
TARBERMHAR WA A KE R, A0 e L@ AR
PUELS B A E BRI @ H S0 B 3hiRILE .

3) YR AL (Optical Flow Model)

JEW A S BT AR T E VAR P, B A T #MEN T
EHS R P IR E S R R AL S AERTESh . kiR
S MR018,19], HE 5 0. O FH ARt OMNEE
BB Bir A OEEIRE S H M QR A
B; QAR RERMBREBRZRIMEEEL. BRiRES
BAERMAR B BB T L M R A Demons B LY, LB %
A5 R B o ) BB 1R 4 B2 P B9 B0 R, 30 B S R 45U
BN B Ve 0] 85 ) B (semi-Permeable membranes),
T 7 30 B4R U AR 4w B 728 B9 B ¥ (Deformable Grid) . JEAE R
FETENT T ¥ B ) 37 30 28 (Effectors) B 1E Rl T #4798
Demons B ik HIWT L P BB & L& MREARE . B
Xt &AMRE R IR LI AERR R .

Bernd % AP U BT e R M REHEB 045 46— AT R Ak
FAEZE T IFEMIESR T 2 1 T —F R T i R B MR AC e
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B KOO ERR R SRS, BERIEIERFF
BT —TETEEAZRBN A R RS i, @ o
SGEBEERI AR T ZHERB LA Z 4L, Pooshfam!*
FARBERBLRENRS BN T —MEAR BN
I AR R e HE T I

4 EREE

EXEGRCHE D ¥ N HERERA &S EEMAE NN,
nearest neighbour) . B-R 43 {8 . PV #H {8 ( partial volume in-
terpolation) .28 #:3H {H (linear) . sinc 38 LA X R E G E F &
BB,

Pluimt*1 % A\ IR F B {7 B0 BR AL HEH T8, 55 51
X ERECHE R E RN PR A TR, MR FEER PV iEE
BT o8, BR THEE T EERERSPMERYE. Hb
FECHR[28 ]9, Lehmann 45 A X} B 2% B 45 4b 22 b 3 FH B9 96 16
Jr¥ s sinc GH RSB IE (A LI . TIKIBE. =K BR
SRABE K IAE | Lagrange 16 {8 71 55 57 48 16, 20 3 76 == 1] #0
{8 3 1 43-¥7 (spatial and Fourier analyses) . i+ & & 2« fiE T
R E REEEGAREETESF THERMERS
#r(qualitative and quantitative)3 J5 i #E4T T HL 38, X {E
BB A T AT R

ETHEBHNEEZEERGQEE LBIETEXMR
AR EEZIRENE . Jeffrey™ 43t 8 Fif{E
W DBABIT IR L NN; 2) 46 {55 3) =K Catmull-Rom
¥ {8 ; 4) Hamming-windowed sinc & {H; 5) PV #&{E; 6) NN
with jittered sampling (JIT); 7) NN with histogram blurring
(BLUR);8)NN with JIT and BLUR, 43 5% 75 [6] #4578 #1 jE
SR IR B R A Jy AT 0, PPl 47 (BL B £ (interpolation
artifacts) MEfERENE W, SGREH,UT 4 FRBES
R R FEF b T R 5 IR O 38 o0 G M (Bt 4 - 1D bk G BBUAR: 3
B IR BE A 5 2) SR AR [ R /N 48 R ST LABE RS Y O 1) Xt B4R
PATERHE;3)JIT;4)BLUR,

BUAE MTE 8 R AR 2 B R A — MR (ow-
cost) BB (E bR AN, 10 = 4R YEHE R S AR T 46 1, S A B 3%IE
AL R, B R - MM EENEES RS T RERIL
wik.

5 #HBeEmE

5.1 e EHES

AT B (Similarity Metric) i /L& T H g &
BILRHRER . X BTSSR TR—FHER (criterion) , f# M
1B EREZREN T AR SR . MM RS RN
B AENEGES LB REREH X, BELKT —
el R O R U SR 4 4% b 50 T e 18 48 I o A AR DL R 0
HET , BT AN A77E 3 P A AR DLEE v

ARACL I BE M BT LA 43 R EE T4 4E (feature-based) M
F k% (voxel-based) i k2, B F IR KRR AE T KE (In-
tensity-based) , ETFHREAIH %2 BRIPIR WA, XM
AT B PMETA KRR, AATEMFECAER GBS F .
PE R, e R R, CABATEET M.
5.2 tHUMENEMNEESE

DX

« 30 o

H K3 (Correlation Method) £, 35 # 36 & %t (Correlation
Coefficient) .5 T H M ## 37 138 (Fourier domain) FIAE{
FHK (phase-only)™ . A& 5k R F f B R IR ML B K ARG
T3 S5 20 AR ) F T, B SER aod OE F 9 0 R0 4R ) A L 2 i T
KRG ERSE, FERNIEAEBEERE. MXRERT
PR B89 8 R AR AR R R M R R G B0 » BT 68 I A 00 BE
FH 26 BB BE (CC, correlation coefficient) , KimP3 &gt T
MRREE, BEESBHXREE MRT CCRIETRHRE
ERBURIRE, HXEFEA T REERGREE, 155 2% —
RINEGGHET R, 7T LU P R SRR 5 R/ E,
Kaneko &R 7 — i 1% 5 40 56 B B0 (SCC, selective
correlation coefficient) , $¥73:&E F T &4 A s thR A 522
A HERELHE, B R 3E® /. Koichi® % AR i —F
1 F AR A 56 8= (Phase-Only Correlation) A ¥ B F £ X )¢
R ECHEE S ZERES AR T POC KR E (sub-pixel)
AHRH R ARRE F IR IR RS BT E TR &
(TPS) W RIS IEJE L HEHI AR

2) /MUK BE 25k

BRI E F I A 2 SSD il & (sum of squared inten-

‘sity differences)™ , FRFR 2 MSD # [ (mean square differ-

ence of intensities)!", SSD Il B {35 FH T A RA BR8] £ Bl
e B R R/ NFMCE. EFRERENFEERTORE
2= A, SSD W RE S BUIS 804 M BC HERUR . SSD 1 B 4
I ZHF MR 55| EE K ECHE, (B2 SSD Il X TR s EE
() B9 AR A Ak AR BURS

3) K BE H 7 2 B/ M

X P B RIU A (ratio image uniformity) , 8#% %
VIR i (variance of intensity ratios), M T MR FHE
B IR RFBEH B 3h B &R B T R4 AIR(auto-
mated image registration)®% {§f B B9 5% 2 1% #h i & . Hold-
enlFERERE FEE T MRIU BB, AL 3 28 HFHEE
SEGER. FTEHYJLERERTRESEREHE. T A
TFEESERR .

DR —BOE

Woods £ H @9 PIU ] B (Partitioned intensity uniformi-
B, B ENANETRENSESEXER
P A T

5 R/MEBR A B

Collignon Z I H T HR/MLEK A KL, AT EHEES
BURAECHE . BATE G TR IR AR Z R B K . B
T SN, G145 B s AR EEEGEE D,

6)H 1= B (MI, Mutual Information)

HAE BN ERAR U 0 B, B K Maes %09 5]
A B R GA EI,  HRTT B A AR BN e i
BIFHE E R R —. BEREATEHITHAR,
AT LARE A T2 MR R R B R BLHE, T B 4K —E R A
BB G, IR RE R BRI HERCR. ETERR
RRETHEMAFRM S

DOEREEFELE

ETEFEEMBEANFEEBRTHRERE AR R
DA EZ 12, Viola fl Wells 2 AD T4 1 TR KHfF
Bk 05| FIZREE 0 2B T Maes 7£ 1997 £ R R



X5, BARAE (R B E A TR TS ER

OP—EE B E

Studnolme %8 $2 1 T 19— 1L H {5 & (NMI, normalized
mutual information) ; Maes B 32 1t T #iMH % &% (ECC, en-
tropy correlation coefficient) , 3 5§ # I3 — 1k & 15 B 10 5 9 4
BEARML, o NMI W BE RE AR 47 b i e B 5 B 0T 155 0 Il 45 1)
22 % X A [

() H B 7

G B RIF— e EAZ BB — R g e b i 2 5
BRI I R AT LA, 3o R A St 2 R
BB BCAE TR PR . R (5 B BE (f-infor-
mation) KA FEEAF B, ¥ H A5 85 W FE/R (Bessel) ¥
HMEE BEEFRESERERES Y KEFAEE
BBEEE™  HE B LR AT A RN AR 1

16 3D A BB EE, HRE MBI R B T ERAEM
FUE R E . Roger™ & AR —FI MW ETHREN
P AR B o R AR BC VA 5, b OGS Y SRR AR UUBE T 13
JEi T — iR IR (KSs, knowledge sources) % fE 58 h 19,
KSs # i1t l—4 worker/mamager BB, T¥E T35,
it — 40 R AR 45 #4 (blackboard architecture) #47 H
. LIGEERR TR B B IRPERE S HLR IS REAS
SRR S S . Martint®) 45 42 th — BT I R Wl BE
(divergence measure) , VA B 788 2845 R 44 DL 28R s 300
54 (modified Bessel functions),

6 RIMUEZE

6.1 RULEEZAN

BAAERE AR T BT LA — 1 2 S HER IR
BLTURACE RSB EXTE. A TE¥SEBEENT
L E %k EBAH Powell . F L #4171 (Downhill Simplex) .
Fi 4545 = (Brent) fl— 438 & #H 28 1= (one-dimensional sear-
ches) . L-M ¥ (Levenberg-Marquardt) , 4 #§i-Hr I i#h 1% 1€ &
(Newton-Raphson iteration) , fi#11% &% (stochastic search) .,
16 B T P& E (gradient descent) | 3{EH ¥k (genetic) IR k
B 1 (simulated annealing) . JL{i] B % B (geometric hasing) .
W5 3848 &R ¥ (quasi-exhaustive search) %, Bl & H8ML
B B Bk R 5 . 15 (ICP, Tterative Closest Point) , 2 |
Besl il Mckay $& i} , ¥ — iy JE Lt B/ MU RIRE R 45 £ F
HMBEARHERE ., ZEEAREER/BRTPIAE S8R X
F, AR AE A SE TR KR R E SRR ATEE
BRI SE R EBIR 2R/ P ER . CER[2]F, Maintz
FE“ Ak 8 (Optimization procedure) iX — #8434+ Xt L) _F 4
AL EESI% T KBS0,
6.2 XTFTRUAHEERMEEE

MMITRBUE G R ERALTT IR 2 5 b AR AR A T 3 3
BUAEiR . o T A S B A G R AR ME, TS R
WT PRSI, —RERBRMAT RS S0 PERE R
(multi-resolution) 8 % ] & J7 #: (multi-scale approaches) ¥H%%
&5 N RRALRRATE.

Maes!* % A ¢t 5 SR EALB IR MERE SRR KL E (5
BN SETEZEBREHE, AKX CT f1 MR B &#
TR, WL T SR MR TALIE  Powell & . BRETEIL | L-

M ;. quasi-Newton ¥ R T Rk LB RS EE KT
BB, LWERRY, EPERL RGN FRLT , Powell B
BERTHERE &R EROE 5 PRF, W Ha
Bk IR EEA LM FEMERET &, S EHE
SrPEREEY Powell LML, MEZDRET 345, A%
MEMme R LJLFRARREK.

FESCERLA7 19, Klein S AR AR TEAUEHFER S =K
B-#£ 2% (cubic B-splines) #1456 BB % B4 B F Bk (gradient
descent) \ {4 1i 1k (quasi-Newton) | JE LR P T 85 88 B 55 (non-
linear conjugate gradient) . # {k %K #% (evolution strategy).
Robbins-Monro, [G]#} K 21 (simultaneous perturb-bation) &
Kiefer Wolfowitz 3G RALH BRIET TR, SRERH, 2K
&L T s Robbins-Monro B ¥ BB A E, X TFHE LR
Bk EEARHAEAN T, B4R R R RN
BEEES %,

SCHR[48 17 , Wachowiak 45 A% hE T B4R {8 3% (PSO)
7 A B Z (single-slice) 9 3D-3D I 2 ER B¢ #E 547 2 /£
b, iR —FFHIR & PSO Bk, R FRNAANE
B i o v R A 3R, B AT R T RN 2 Rt e B vk
B EREAET ., & THLREE M PSO B k4 HHHAT
He, BT LU o 40 A 2R I AR IR R S50 T DLIF AR K
AR IR ] . Samy S AMA T BIRh @RI 8
REHEMEELR KB, XA A REBEBIR KB REE
B,

Wachowiak™" 2 ASM 28 T BS 2 MR BC#E P 4R R B9
B R B M fE B L AL B 3% . ©Dlviding RECTangles(DIRECT),
— M2 RAEOR , BRI T LM B A A R 8 @ Multidi-
rectional search(MDS), —# B T £ H B RMWMWIL B %, H
Thnbat B3 E, EH AT T 17 L5 . ¥ DIRECT, MDS
H—MIFATEBRN Powell BIETELFIRE L T HAT L3R,
GERFW, AT LI T, DIRECT, MDS F finfg it 4§
B, 3F B RIEEE 8/ T HHE BT ], Dandekar® % AR T
—A4F H £ B ¥ 4L (multiobjective optimization) 5 B (1 &
FRRAHEIESR

ZHPCEFRM AR RER—ML B B R E AHER
—FpREE BB A, RS & - E8
WER., BTF2RNAs RS KK, RAEAHE ¥ ELF
THE AR SRR IR R E .

7 EFEGEETEREATME

7.1 EHNBEFXEGEETFS

AT HEERHH, AMIMFERREENEXERGHE
5aWEETFEEFEN. £ XK, HaTH BB RN
E ¥ ITK (Insight Segmentation and Registration Toolkit)?]
1 VTK(Visualization Toolkit) ™ X AN H K&, FE L 6
MIA (Medical Image Analysis) 235 K& B R£1 SPIE Medical
Imaging # % RN H ITK §HETLE.

ITK W EZHRWERYS— S ANBEXBRERSSH
WERFE, EERETERNTRAAETE., ITK KEM
AT CH+HrB AR, R AR MG AR SRR R, #2141t
TEENEZEGEAHK S BB D U RAHLEELSW. ITK
3% F Open Source X & 4T, ¥ Windows, Unix, Linux %

e 31 «



L5, H 4 Python & Tel 417,

VTK E—AFREHTFEE TN E ik, B
Bt ET gk, R S S E BT AR N 2 H A E 2 D
FEAARKKDIRE. B RS QIEAER T EZMAL
H., VIK XBZf¥ &, 84T C/C++,Python, Tcl, Java
SH#O0, BT ITK FARRMSEE TR AL TR DI, I A
fiIR#EH ITK 5 VIK 458K EH.

BHE E¥EBRL T F G MITK: (Medical Imaging
Interaction Toolkit) , A& E i@ BF5T h.l> GCRC R . BEE
FITK # VTK, #3 T VIK F89 T ALH %A ITK F a5
SRR BEEFFEEFERANA LR L, FIFAER
Open Source HIER Z4T. Elastix™ %[ TH Tt E¥E
BEAELFE. BT ITK F k. BaiBREREFE AIR
(Automated Image Registration)® o] FiF 3D & 2D B& H
A, REAT AR A TR ER.,

ERRBIRES s F R R BB R. ERT
EFEAPHEREEILTFRINEEZRIRZMN MITK
(Medical Imaging ToolKit)[*

7.2 EFEAGREZ R

B b WEERREREEIES RN RIEE B,
AEENZEEEREAENIFE AEEE LN RFIE
(Global standard), R X L ECHE. BT RREEAIG
RER AT SRR E, IR Ik B A 325 18 () 3 09 sk AT VF
i, EH PN BB LA RIS Rt TR B
BV TR A BE AU PR 7T 55 5 18

R ECHE , SRR (27468 R A Ean i dric Y o
G RMR B HE R IR HEATVRAG . 7ESCHR(59-61]F , RIAJ S5
MR BB IO B TR R k. TERHARCHETF
it 75 T 22 I A9 TAE R Vanderbilt K24 [ 3 M 1] {5 B HE
{31 B RIRE (Retrospective Image Registration Evaluation
Project)™ 5, B{@H1k A BN FEEZWEIBF RN B
&4 CT,MR fl PET 3 MRS, 2 Bin 2 R AT &R ]
El#iE CT-MR #1 PET-MR B KRBT, FREBE L
BEXECHER ABTUNTB AR BRI SR, T
HARZTE BB EE R, RIEE AT E R E
BREMBRRERMANENSE5E,

EHARICY BB R FRURE R LRI . T
MR BE R B, 40 306 IO LB T, b i SR AT LA
FIEER R AEED . BRI ERGRE SR AT S0 E
NIREP (Non-Rigid Image Registration Evaluation Project)
581, 5540, 30 v LU FAR S A XA & R B HE
BORAE B AR, O BUAR R AR — R R
Fik.

HRIBE BEXAGEENFEHNRZBHEEE—@t
B GERE B ECHE BRI R T A RME AL, a0 AT
BAFREN TR R LB RIT RS, BEPFRAR
HIEREHESERESE.ET GPU M#E K 3D EZR A,
FE R E R A PR M & R AL E S, PRI E
EEFETHE . AR E THELERSE,

A

[1] Elsen P,Pol E, Viergever M. Medical image matching-a review
with classification[ J]. IEEE Engineering in Medicine and Biolo-

0320

gy Magazine,1993,12(1):26-39

[2]7 Maintz J B A, Viergever M A. A survey of medical image regis-
tration[ J]. Medical Image Analysis,1998,2(1):1-36

[3] Plishker W,Dandekar O, Bhattacharyya S,et al. A taxonomy for
medical image registration acceleration techniques[ C] // IEEE/
NIH, Life Science Systems and Applications Workshop. LISA,
2007:160-163

[4] Crum W R,Griffin L D, Hill D L, et al. Zen and the art of medi-
cal image registration; correspondence, homology, and quality
[J]. Neuroimage, 2003,20(3): 1425-1437

(5] Ramirez L, Durdle N G, Raso V J. A Parameters Selection
Scheme for Medical Image Registration[ C] // Annual Meeting of
the North American Fuzzy Information Processing Society
(NAFIPS). 2006 :505-510

[6] Mattes D, Haynor D R, Vesslle H, et al. PET-CT image regis-
tration in the chest using free-form deformation[]]. IEEE Trans
Medical Imaging, 2003,22(1):120-128

[7] Holden M, GHill D L, Denton E R E, et al. Voxel similarity
measures for 3-D serial MR brain image registration [ J]. IEEE
Transactions on Medical Imaging,2000,19(2);94-102

[8] Studholme C,Hill D L G,Hawkes D J. An overlap invariant en-
tropy measure of 3D medical images alignment[]]. Pattern Re-
cognition, 1999,32(1).71-86

[9] Fei B,Wheaton A, Lee Z,et al. Automatic MRI volume registra-
tion and its evaluation for the pelvis and prostate{ J]. Physics in
Medicine and Biology, 2002,47:823-838

[10] Van Luong H,Kim Jong Myon, A Massively Parallel Approach
to Affine Transformation in Medical Image Registration[ C] //
11th IEEE International Conference on High Performance Com-
puting and Communications, 2009:117-123

[11] Lester H, Arridge S R. A survey of hierarchical non-linear medi-
cal image registration{ ]J]. Pattern Recognition, 1999, 32 (1),
129-149

[12] Pluim J P W,Maintz ] B A, Viergever M A. Mutual-information-
based registration of medical images; a survey[]J]. IEEE Tran-
sactions on Medical Imaging,2003,22(8) ;986-1004

[13] Bookstein F L. Principal warps; thin-plate splines and the de-
composition of deformations[]]. IEEE Trans on Pattern Analy-
sis and Machine Intelligence,1989,11(6) :567-585

[147] Rohr K, Stiehl H S, Sprengel R, et al. Landmark-based elastic
Registration Using Approximating Thin-plate Splines[J]. IEEE
Transactions on Medical Imaging, 2001,20(6) ;526-534

[15] Friston K J, Ashburner J, Poline J B, et al. Spatial registration
and normalization of images[J]. Human Brain Mapping, 1995, 3
(3):165-189

[16] Kim B, et al. Mutual Information for Automated Unwarping of
Rat Brain Autoradiographs|]]. Neuroimage,1997,5(1):31-40

[17] Rohr K, Stiehl H S, Sprengel R, et al. Point-based elastic regis-
tration of medical image data using approximating thin-plate
splines[ J]. IEEE Transactions on Medical Imaging, 2001, 20
(6):526-534

[18] Benchemin S S, Barron ] L. The computation of optical flow
[J1. ACM Computing Surveys(CSUR),1995,27(3):433-466

{197 Bruhn A, Weickert J, Schnérr C., Combining the advantages of
local and global optical flow methods[]]. International Journal
of Computer Vision, 2005,61(3):211-231

[20] Nielsen B,Gramkow C. Fast fluid registration of medical images
[J]. Lecture Notes in Computer Science,1996,1131,267-276

[21] Thirion J P. Image matching as a diffusion process: an analogy
with Maxwell’ s Demons[ J]. Medical Image Analysis, 1998, 2
(3):243-260

[227] Kybic J, Unser M. Fast parametric elastic image registration



[23]

[24]

(25]

[26]

(e7]

[28]

[29]

[30]

(31]

[32]

[33]

[34]

(357
[36]

[37]

(38]

[39]

[40]

[41]

[42]

[J]. IEEE Trans Image Processing,2003,12(11):1427-1442 "
Dawant B M. Non-rigid registration of medical images: purpose
and methods,a short survey[ C]// Proceedings of IEEE Interna-
tional Symposium on Biomedical Imaging, 2002 :465-468
Christensen G E, Rabbitt R D, et al. Deformable templates using
large deformation kinematics[]J]. IEEE Transactions on Image
Processing,1996,5(10) ; 1435-1447

Bernd F, Modersitzki J. A unified approach to fast image regis-
tration and a new curvature based registration technique[J].
Linear Algebra and Its Applications, 2004,380:107-124
Pooshfam H, Abdullah R. A Proposed Method for Brain Medical
Image Registration by Hierarchical Clustering Algorithm[C] /
Third Asia International Conference on Modelling & Simula-
tion, 2009.:315-319

Pluim | P W, Maintz J B A, Viergever M A. Interpolation arte-
facts in mutual information-based image registration[J]. Com-
puter Vision and Image Understanding,2000,77(2).211-232
Lehmann T M, Gonner C, Spitzer K. Survey; Interpolation meth-
ods in medical image processing [ J]. IEEE Transactions on
Medical Imaging,1999,18(11):1049-1075

Jeffrey T. Interpolation artifacts in multimodality image regis-
tration based on maximization of mutual information[J]. IEEE
Transaction on Medical Imaging,2003,22(7):854-864

Kim J,Fessler ] A. Intensity-based image registration using ro-
bust correlation coefficients [ J]. IEEE Transactions on Medical
Imaging,2004,23(11).:1430-1444

Kaneko S, Satoh Y, Igarashi S. Using selective correlation coeffi-
cient for robust image registration [ ] ]. Pattern Recognition,
2003,36(5).:1165-1173

Ito K, Aoki T, Kosuge E,et al. Medical image registration using
phase-only correlation for distorted dental radiographs[C]J /
19th International Conference on Pattern Recognition(ICPR ),
2008:1-4

Vola P, Wells IIT W M. Alignment by maximization of mutual
inform-ation[ J ]. International Journal of Computer Vision,
1997,24(2):137-154

Freeborough P A,Fox N C. The boundary shift integral:an ac-
curate and robust measure of cerebral volume changes from regi-
stered repeat MRI[J 7. IEEE Transactions on Medical Imaging,
1997,16(5):623-629

AIR[EB/OL]. http: //bishopw. loni. ucla. edu/AIR5/

Woods R P, Mazziotta J C, Cherry S R. MRI-PET registration
with automated algorithm [ ]7]. Journal of Computer Assisted
Tomography,1993,17(4) ;536-546

Studholme C, GHill D L, Hawkes D J, Multiresolution voxel
similarity measures for MR-PET registration [ C] // Information
Processing in Medical Imaging. 1995:287-298

Maes F, Collignon A, Vandermeulen D, et al. Multimodality ima-
ge registration by maximization of mutual information[]]. IEEE
Transactions on Medical Imaging,1997,16(2):187-198

Wells II1 W M, Viola P, Atsumi H, et al. Multi-modal volume
registration by maximization of mutual information[ J]. Medical
Image Analysis, 1996,1(1).35-51

Pluim ] PW, Maintz J B A, Viergever M A, f-information mea-
sures in medical image registration [ J]. IEEE Transactions on
Medical Imaging,2004,23(12):1508-1516

Xu Xiaoyan, Dony R D. Evaluation of hierarchical elastic medical
image registration method[ C] // Canadian Conference on Electri-
cal and Computer Engineering. 2004, 3.1289-1292

Martin S,Durrani T S, A New Divergence Measure for Medical

Image Registration[ J ). IEEE Transactions on Image Proces-

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]
[53]

[54]

(55]
(56]

[57]
(58]
[59]

f60]

[61]

f62]

£63]

sing,2007,16(4):957-966

Pluim J P W,Maintz ] B A, Viergever M A, Image Registration
by Maximization of Combined Mutual Information and Gradient
Infor-mation{ J]. IEEE Transactions on Medical Imaging, 2000,
19(8).809-814

Skouson M B, Guo Quji, Liang Zhi-pei. A bound on mutual in-
formation for image registration [ ]J]. IEEE Transactions on
Medical Imaging,2001,20(8).843-846

Tait R J, Schaefer G, Hopgood A A, et al. High Performance
Medical Image Registration Using a Distributed Blackboard, Ar-
chitecture[ C]//1EEE Symposium on Computational Intelligence
in Image and Signal Processing, 2007 (CIISP). 2007 ; 252-257
Maes F, Vandermeulen D, Suefens P. Comparative evaluation of
multiresolution optimization strategies for multimodality image
registration by maximization of mutual information [J]. Medical
Image Analysis,1999,3(4):373-386

Klein S, Staring M, Pluim ] P W. Evaluation of Optimization
Methods for Nonrigid Medical Image Registration Using Mutual
Information and B-Splines [ J]. IEEE Transactions on Image
Processing,2007,16(12) . 2879-2890

Wachowiak M P, Smolikova R, et al. An approach to multimodal
biomedical image registration utilizing particle swarm optimiza-
tion [ JJ. TEEE Transactions on Evolutionary Computation,
2004,8(3):289-301

Ait-Aoudia S, Mahiou R. Medical Image Registration by Simula-
ted Annealing and Genetic Algorithms[ C] // Geometric Mode-
ling and Imaging(GMALI ’07). 2007 .145-148

Wachowiak M P,Peters T M, High-Performance Medical Image
Registration Using New Optimization Techniques [ ] J. IEEE
Transactions on Information Technology in Biomedicine, 2006,
10(2).344-353

Dandekar O, Plishker W, Bhattacharyya S, et al. Multiobjective
Optimization of FPGA-based Medical Image Registration C] //
16th International Symposium on Field-programmable Custom
Computing Machines(FCCM ’08). 2008.183-192

Kitware Inc. ITK[EB/OL]. http://www, itk. org

Kitware Inc. VTK, Visualization Toolkit [EB/OLJ. http://www.
vtk. org

GCRC(German Cancer Research Center). Medical Imaging In-
teraction Toolkit[ EB/OL]. http://www. mitk, org/

Elastix{ EB/OL]. http. //elastix. isi. uu. nl/

MITK (Medical Imaging ToolKit) [EB/OL]. http://www. mi-
tk. net/

RIRE[EB/OL]. http: //www. insight-journal. org/RIRE/
NIREP[ EB/OL]. http.//www. nirep. org/

Edwards P J, Hill D L. G, Little J A, et al. A three-component
deformation model for image-guided surgery[J]. Medical Image
Analysis, 1998,2(4) : 355-367

Ma B, Ellis R E. Robust registration for computer-integrated or-
thopedic surgery: Laboratory validation and clinical experience
[J]. Medical Image Analysis,2003,7(3);237-250

Maurer C R Jr, Fitzpatrick ] M, Wang M Y, et al. Registration
of head volume images using implantable fiducial markers[]].
IEEE Transactions on Medical Imaging,1997,16(4) ;447-462
West J, Fitzpatrick ] M, Wang MY, et al. Comparison and eva-
luation of retrospective intermodality brain image registration
techniques [ J ]. Journal of Computer Assisted Tomography,
1997,21(4) :554-568

Collins D L, Zijdenbos A P, Killokian V, et al. Design and con-
struction of a realistic digital brain phantom[]]. IEEE Transac-
tions on Medical Imaging,1998,17(3):463-468

033:



