HiTHE—,/ 53 @

O

KEDS IURMECES<AFNUES DY
Surface-based and Volume-based Registration of Rigid Body

H AT —~

PN TNy N R R

Shinichi Tamura

Graduate School of Medicine, Osaka University

Abstract

When employing multimodal images, adjusting scales and positions between them by determining spatial correspon-
dences is necessary, and in surgical navigation combining real space where a patient is present and virtual space in a com-
puter is necessary. These are an operation determining corresponding relations between images etc. represented at differ-
ent coordinates, and called "registration". Registration is the most important fundamental technique in surgical navigation
and in dealing with different images, and a lot of efforts have been made in developing this technique. Though the regis-
tration technique was developed originally in industrial field, it has become remarkably advanced recently in medical
imaging field, and presently it has power to pull the industrial field. Recently, two specialized books on registration were

published successively. In the present article, registration techniques are explained from technical view point including the

latest research trend.
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Fig.1 Surface data of femur®”.
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Fig. 2 Error curves with iterations in registration by ICP
algorithm®”,

21 RE

KE7— FIEFHAIE %K &< LCL#FICBRT
%tﬁ#ﬁﬁi<&p&bf%%#,_hiﬁﬁf
EDIRPDEVCOBEL %2, F— ¥ HOERD - &
WA, WRET 5B LEBOWMERDE (TRE:
target registration error) ([C&ED X ) T ES 5 I R
B ICRFECE 299, bbb, H2EOED IC/)

CEBLTHO/LTW S E X 1CiZ208EE ) o[
A O HBEEITEL, ZOWMICERTS FADM
ERED LS ICERBETELL 2D, I, 7= R
HIBA TIE L ICREDED KEVEE 2B I
T RET NIIMEBEROBEEL M LT S, O
EXHI D AT R BRI IC D W T3S T R 5.,
22 RRE&RICK BICP

CHODERET— FITHRAIZII3D LY DK A
y%4yﬁ%ﬂ4Xf%6ﬂ%ﬁ,E%ﬁ@@#%
Rk HHEINDEZLL DD, ZOFETIE, T
YR ORI E BHEMET A2 BT ETH D, Zhic
LY, BEKORELLBEL WS —7 A2FlET
ELILPLNEBROBEDM LS Z & 5T &

*1 ICP MR ICHR 5 73D E R 20 & SRR & hz
BEOFBLRLONGY (2> ¥a—YHOEFTIV) EH%

g inéﬁ@%Axf§b¢ 5EX bn-fEpEX
D B e
d= min || x-p/H (A.1)
xeX
t%%ﬁa.mggiﬁ?wy&Lf,w$mﬁ4>%4>

JFNA RETRE N BN A DREP={p, p,- - P} I
HBHETEH. P EOL) CBY (HEBLTY7) ¥
NIEXE —BICERD P ERD L LA BEDEDR
HETH%. Hploxt LCEBERBI UL 7 MEH LD L

p’=Rp +t
b . PEEER OTBE SEL L O R ER
(B=E)

émn ww)

i

min || x—(Rp, +t)]} (A2)
5 X
TH5RXZbNb. Z0EJ/NETEBEER Lt* %4 D
BELETKD 2. T2 bbREHIIC
(R*, t*) =arg rlrzn'n e R, t) (A3)
Sl

ERID, SRIECTHEFRS GEHEM) 320 TRITREA
BEICIORT 5.




B,
2.3 YR
ICP DRI EEIZIEBANOF| & AAF)H fEH 2
B, LELIEIRAMRICE DAL LETHED, Z
T EBEWICHBRT AL LT, iteration D KR
T, HHTAF— 5% VLI BZDLFED,
BRI VLA RBEI YA A HEY R EPRE
INTw5

LB WL LT, BEFMMET -5 LT

7OV TRFREI 213 ) DR IEA R B B 99, ICP .

BF— 7 EPSETFTANDOHEEEZ 2~ - FExF
HTH 5.
24 EM% . ICP DLk

ICP i, MPRET — & (B) (X T AW RE
H(B) R BFEITEOERT v TI2BWT, —EWIC
P B R TH 72, Granger b 'L, HICOBIZIE
BAmOFHREL S OHAIE, RAHEEIZICPIC
AT EERRLI. S50, WMEEFRETERETCERER
+5 &L BT, expectation-maximization (EM) Fik
WXy, BROIHLE RO FEEREL TS
BULEKEIORFFHOBBHICEL), ICPLYA
WIEE~NOT| & AL & EREZPUREYSE LN
5L ZEANDICHTRLTWS., ZOFETIE
WHIEMEONT Y F & ZNITRRT 2EHOFIE &
ARoCFTIBRFAERZIT 2> TED, ICP ZILk
LRI h->Twd, (LBEDONT Y F550 DA
ICPIZ—3¥ 5. F 71, 4 55 Cik~X % Rangarajan O F
HO LD H B )Y, Rangarajan O FEDPRIEED
7 — AR L TERMTHLDIZHLT,
AFERWMANCH - - BB BT OMREE T
— S LONBEDLEIIENTHS L) ITHALTS
nTwsb,

2.5 TOMOFE

EHT— 5 I TR ERTMBIERSZ T
Tk, MBREHPHEEEE 2 CORAORES
NTVAEY, KS<FELNBFTIZEEL> TRV,
ICP LIAL O global Z RE R~ v F > ke LTI,
1758 Gauss & 38 O spinmap 5587 R E A 22 %
DPRESIN TS, ERHEZROVESLE TIZS
DE ARG EMREVPHER I ATV W

EREOMLEE DY

KECTIIEEET 2R EVEHBECELDEZ
LI 2MOBEBB TR, = RTONESDLE
217750 FHEICODVWTHRNS., A—F5 ) 7 1 EE
HOMNEBELAGHLEIZBVWTR, HHROFETH 555,

:ﬂ:ll
3. mk

HIfH#E—55 @

HMEZEEAWTMNEEDERIT R ) LN TES.
—%, FA—E5) 74 T EBEALEIHE R TE
oz, BEES) 74 EHEHTIE, Zhd%
FHTAZENTERY, 22T, BHHREGOER
Bl oTWAHEBREICEI(MNEAGLEFE
PREINATVE. ThE—FOEEZE» S
BEEICET AR ENZTEORE A EEILF
FZEOWTBY, LWEHAEz TS, Ly
Leds, ZOFEIEGOEETH HBIRMES L
UL “ES” OMeTrEHL TS, LIFL
BB ELEIZERRTAREDHBEAEXF> TV A,
FIC, ThaeiE LoHBLE EOFEPRES
n, B PfT bR Tw5
3.1 EENFE
2HOEBGY f(x)E g (X)TELTS. Thbid
TRITER, = RILER, =RiIL%E ﬁ@@%ﬁﬂ&
RETHDH. QHOERS (x)& g x)DEOFELM I
=, HELRETHEInE, WEEZg x)IEf (x)2°
REZFREL, S5t T FHTREL-DDLEIRE
T5. IO, TRIRT L) RFMEELRKL
THR )OPf(x)& g (x)ﬂ)Fﬁo)ﬂ%"*z?ﬂ;’C?)Z) &4
ETHHDET S,

(1) &: (hEVIEE—HER)

1
sRO=(F)Z U@~ g Rx+OF (1)

SBEZYVERICOVTEZDDET S, B Y
B OHEFE (pixel T 721 voxel) HIINTH 5.
(2) EARMLAREE : (k&3 & —B0ER)
¢ (R t)
SV~ L8 Rx+ 0~ g
BT LTHEE®Rx T 0—2.T)

ZII, fuBE Vg dENEFREL D EBICBT
5fX)BLVgx)OFHETHSH. EFEHREDD
T, ZEEHBEIFMTHLI LI HON
TWwW5h,

32 HESHRBCES(MLERD
4, B2o0FER (HE) P55 LE, HEFERE

(MI ; mutual information) 2

(2)

1(4;B) =H (B) — H(B| 4)
=H()+H(B) —H(4,B) (3)
TH5RZLNE™. Zhid, A%HAHDBD “Hwn

FWE" HBRDPFAZMBZ EIZL Y HB|A) ~RLE
REEOWPETHY, ATHAIEIZIDBIZHE
LTHBONERE, LBRTE&E. /2, Thid
AL BIZEALTHERICRE-TBY, BEHIAZ LIZE



@56, JJSCAS vol.3 no.2 2001

DA LTHEON Z2EREL AT LB TE S,

BEOKE S EHMT L 2D, 14; B) Dftb

Wic [HUA) +HB)] /JHA, B) xH hiZXw». Z

T, A={a,a, - a}, B={b,b, - b}, PEHER

L kX,

H(A) =—§1 P (a) log P (2)

I (v bo¥-)

P (a,, b)) log P (b;| a)
(&thftz> o ¥ —)
HA,B)=—5S 3 P(a,b)logP (a,b)

(& taE-)
HEThBH, IREAWVWT, TR THNBOESH
% 5l A BIRD THIEDBTE LD,
(1) EEE: I1(0®) ;g Rx+t) (4)
. H(f () +H (g Rx +1))
(2) EBMLE: H( (%), g (Rx +6) (5)
FHALERZERZ ) HEOEBHERINTE 5.
THAMEE o8 EHRCHBEEIRERERZ

FALTBY, BREBEECHARKROD 5 EHERO

HEADLFICEL TWVE, FhiIx LTHERBRE

X, bo LIELEEEE L ORRBEROD S

FEZEOME LI LTHBHRRADL Lo»

DLTBY, BMHRFHELE Lo TwA. LI LENF

b, BkMEXCZHMMUBORSPERINRTELT,

EEHEEOREEREE T I LETRP Y —T 1

VM LTIRBEADCERNTTL S, MR L%

*¥212RY. —F, BEOERILHBEEEZOME

H@B|A)=—73 3

i=1 j=1

.

EhEHRIEETIBIEHTIOL 3> TRV,
ZZTSHi T, MBEEoMER EoTREEIIOW
Tk 5.
33 MoOMBEEHLEFE

HEBERE L JOKRIOFTH LM ES bEE
EARERESATETWS, TR LEBERHZELI
WroTHENRS L BIT, HWEEHE CRE) K2WwT
B '
(1) EO¥y—i : RIU (ratio image uniformity )*'™

RALY)

g RO=—p

1
:¢GﬁQMWRﬁ—%P
Gav

I, ol E R D FHRAOg (x; R, t) DFHE,
NEEZEHTH 5. RIURAZIWIEE—BEIHV
ZrrERT.

(2) PEEIHAMAEE—M : PIU (partitioned
intensity uniformity )

Woods®idRIUN T — F %A LEREL, PIUZMRE
L. COSEET4TINVEGBOERE, [OELRY
HEESOWMEREN, FRLOOEEREOTHE &,
g=iCH BT AfOBMELELQLL, TOBRK
#N, EREDTH, S#erZhENp, of T2
L&,

RIU 6)

_1_ N; <o

PIU=(57) 3, ™

*x2 HENHHRS
F —RTCEETHEY 7 F0AELD (Fig. A-1).
Flr BV TIHEROEDEIZ0E L, EX ) HROEVIZ X
2BERFTEbEVWbEDLETA.

f(©)=(01101010)

g(®)=(01121210)

probability
1 12
f
[¢) 12
1 2 3 4 5 6 7
—»X
<— proportional—> <——— inverse —> 4
1 12
g
o 14
1 2 3 4 5] 6 7
—»X

Fig. A-1 One-dimensional image of Example 1.
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Fig. 4 Effect of 2nd-order differentiation. (a) Original image
(000111), (b) Original image + 2nd-order differentiation
00-1211).
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