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Abstract . Accuracy of registration between images acquired from various medical image modalities is one of the critical issues in
radiation treatment plannig. In this study, a method of accuracy evaluation of image registration using a homemade brain phantom was
investigated. Chamfer matching of CT—MR and CT—SPECT imaging was applied for the multimodal image registration. The accuracy of
image correlation was evaluated by comparing the center points of the inserted targets of the phantom. The three dimensional
root—mean—square translation deviations of the CT—MR and CT—SPECT registration were 2.1£0.8 mm and 2.84+1.4 mm, respectively. The
rotational errors were < 2° for the three orthogonal axes. These errors were within a reasonable margin compared with the previous
rhantom studies. A visual inspection of the superimposed CT—MR and CT—SPECT images also showed good matching results.

Key words : Chamfer matching, Image registration, Multimodality, CT, MRI, SPECT, Brain phantom

A =2

- olg]gt o|f = vhkdt WHEC A AT Ui I
Agaa B dAAABESL 02 g8 gAANS 37{7;#:[{}4013 —,E'E;} U R

22E H5Y g9 48 M FdEHE 48T A8 =° T o
Mg e7n ok uok AHF FRRIAY maet Py BIARE [ w2 Yextrinsic) AL WY
249 258 o] Pyd P9y les az o (o BESE HA7 QAT AY RTE BRE
: ) 2 = - = g A Eol =uEl
© Z Xx Ak = = = = ° =y 4 EEA
—?‘7}' oEH'QJ— ‘:]'[1] 9_' A E & 9 X (Computed o] 9olA 7(4“@—&*0“ B]oﬂ o\)J.X—] }_LT:_I__ oxF Aom
Tomography: CT)%} x}ﬂ%‘”éoé’&(Magnetlc Resonance ;;x] ‘—]gtq b e o) e Ig;o])\;z
3 : [ey Eﬁ g 5l U}_‘%ﬁ 23 al 15 iii T i=Aroy
e L 5y ot s st 4o (Portoon Doy 11 AFRILIZISIEL 2 204 BAMARAG S
o1 3 7 5 AV B0l A7) (S el QgtozA WAY AEN shhel Chamfer 4 FH
Tomography: PET)W @ 3 2ak& Ak ek 22 o 2 2 (Single o gz 5;?03)&14610 pi Ouu}; oL_’ﬂCLOE o }oq‘ﬂ;ﬁ

Photon Emission Computed Tomography: SPECT)®t % A e R

£ One AU ANEE WAAdeALd AEAL LRI AW AR A5 ATY AU 2o $a
W Ee] ArHol 79 ANZAEL HIFHUME 2% d Al ARE AT HAH e G WP 9] 28
ol 7M5AE ST B Eo] Ads o] gri[11-14]). Hie Aol dete] FEe dHA A &7 Wi, B
g @x FAH KA Fot dubH oz ‘AF7]E(gold
E A7 Fer)en da8 3] AF(M20334010001-03A-0927-00210) 2] standard)’ & ¢# A A= moia JriE e e ARH
Heow FAHAFH. : o) mug Z&) #rrE S o gy FENEE 4%
BAAA A, (137-040) A&A Mz7 WEF 505 HgHel Wyt umate] HE AW 7IxE 2go)
Tel © 02)590-2414 Fax : 02)532-1779 o e Ny : L
E—mail : suhsanta@catholic.ac.kr Agesz Qstel doA A4 o 7]"1"]-%0]&}7 Ea



34 Ned, €59, 4%,

SoH1). 22822 Chamfer AR e AL Hrisie
9rhA v "é‘ ] AR AA T Herk®t Kooyl[2)7) 453 A
¥ ‘:}~ T AR EAgatolR sty f4HE AHe
o 47 gtk

B A= A Y E(stereotactic frame)s &&3ta] 7]
8188 ® A (target)s o838t JiddE thEYAdAT
Chamfer A8 S A4, A%2 o2 AEAS
BE AEstag Ao olE §idke] CT, MRL SPECTelA
25 el 85 7w AV A4YE HWE(brain
phantom)é Adeact AydE BAAELS 4TS Y
g85 Aol ofvet A g v|eEgH fxHwrt
E2 Ad" g4k A
< AEsy
]_

_L4
o
2L
o

o o
32
0

oX I‘l-E

e g

g 4 "

N o

il 1 r

4 2

30

rir

i}

SRER ek

ox zo jn o
=
1
z
o

T

o of odl ey b mlo 2
RIS

oY
o %
E o
v o 1o
w
T 9
=== O{l
€ E N
i, ol
g e
of o
géﬁ
e o o
fr ree oo
xodd
e rlr ol
o,
ﬂ
ox

o
-4
1o,
N
fo
RN

= o]
= AR
F7% waAne uw
Be A7) g

o 8
i.rll
)

i ge e

i3
e
o
i
o
» B
o
£ oy

>
ol
—_

e wg . O
oL Moy K
asﬂlr o
l‘]mzpr‘-"ﬁr\o u}m
0.8.0%:\\{—]2“1 nﬁ
> 4o T =
O‘“ﬁnﬁ?ﬁ
oo
i
rir
R
ul (Y
[@)]
=]
=)
<
°
W
e
as)
o
i
=]

o it G

o

S gAAde A8 E8FHE QA
wel 272k HEA Aot 1(a),(b)).
5 st oAl Ak Bo] ©H Fol
:HZ“:}(ZF" 1(c)). AAS NZﬂ AA7I9 FolE
mm, AE22 Ade F #9 =2 81 mmolAd. HAE
mm T otTHRE ¢ 7}—4 H Ao W A
AE 2 Z7bste gobgE A wHEOATH Y 1(d)). #ot
Y olFHRESY E7to] 2 mm FAY F AN #HE 4A
7:10; o)JAANA 8AY o}ad EHAE 3 cm X 3 cm &

2 PE B w7t Tudd £3zo] RS AU
th ZHE N¥ Bole CTe MRIYY 29E Sstd of

fo rju min He B
2
R
S i
o

¢

o

AYHo], SPECTHA 2492 Y3 5o 44Ut XA
197 399 ZHolE 40 mm, %3 29, 49, 69, 74, 8W
9] ZolE 60 mm, 7Fedl 7 59 ZojE 80 mmolAh
(28 1e) (D). EAEY dolt =HANE o9 78gd =
ko] o)) Z2AFAL. ©] BHEL FAATF 4 dde=
By R 498 FAHBE SAHASA vuE 534 o

=
AAgke #Hrlsted AMEEA HWBEL CT9 MRISE
ety B2 AYAn, SPECTIEAE ¢sld 7 mCiY
99mTce] ol F7H=3ATh.

o3l x - A25H, A1, 2004

T, HBG, oY, A4

a1 e wE M
(@) 4l 7Hef N& otz S 77l HLAE.
(b) LM ZAL =[EH BWEF,

|

(D)ol =MESl Lh%),
(e) FamEel M 5101 24 B AE| ol A

= | 5
2= = g7ie| ofmEBE JHd 2mm OPELEE' JEF
N 28 @A E“ b
=Hea CTet M 2
HeAEo el 911’_ UHXE2 BN AN e dct
Fig. 1. The homemade phantom design.

(a) A stereotactic frame with four N-shaped acrylic tubes.

(b) An anthropomorphic brain surface phantom.

(c) The brain phantom combined with the external

frame ((@)+(D)) in a bowl of water. »

(d) 4mm acrylic plates where the axial sections of the human
brain surface had been carved (inner part of the brain
phantom (b)).

(e) 2mm acrylic plate with eight acrylic tubes scannedin each
imaging modality to evaluate the accuracyof image registration.
(f) Pb bars (for SPECT imaging) and acrylic rods  (for CT
and MRI imaging) inserted into the external frame  (a) and
marker pipes (e). The longest rods were inserted into the
stereofactic frame and the others were into the target.
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Fig. 2. Contour extraction in the CT data.

(a) One slice of a CT scan.

(b} A segmented brain image where the external frame was removed.
(c) An extracted CT scan applied with a 3D generalized
cityblock distance transform.
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Fig. 3. Extraction of the brain image from a MRI scan.

(@) One slice of the MRI scan.

(b) A segmented brain surface of the MRI scan where the
external frame was removed.
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(@) SPECT A7ie] & HH,
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Fig. 4. The brain image extraction of a SPECT scan.

(@) One slice of the SPECT scan.

(b} A segmented brain surface of the SPECT scan where
the external frame was removed.
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Fig. 5. Geometrlc diagram of the N-shaped configuration
of the tubes in the external frame.

(a) Superior view of the frame.

(b) Lateral view of the N-shaped tube.
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Fig. 8. CT/MR registration.

(@) One slice of the CT scan.
(b) An MR image slice in a similar axial position to CT one
before the transformation.

(c) Transformed and resliced MR image correlated with the CT
one after correlation.

(d) MR image superimposed on the CT image ((@)+(c)). The MR
image was colored bluish green. The accuracy of the image
registration was verified visuall y using this colorwash technigue.

a# 9. CT/SPECT Mg

(@) CT 27He| st MH,

(b) Hat™ CT 4 fIxIe}t v =& /A2 SPECTHA HH,
(c) M&ts: CTY AT s AXZ wists: MY HE SPECTY AL
(d) CTEM E&HE SPECTY AH(a)+(c)).

Fig. 9. CT/SPECT registration.

(a) One slice of a CT scan.

(b) An SPECT image slice in a similar axial position to

CT one prior to the transformation.

(c) Reoriented SPECT image correlated with the CT

one after 3D registration.

(d) SPECT image superimposed on the CT image ((a)+(c)).
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Table 1. Mean translation error of CT-MR registration: Mean (1 STD).

The deviations are the target coordinates of the MR images subtracted from those of the CT images.

1 -1.1(0.8) 1.2(08) 1.001.3) 25 (05)
2 -0.6(0.8) 0.90.7) 0.101.1) 1.7 (06)
3 0.00.6) 0.9(0.8) -0.3(1.1) 1.6 (0.7)
4 -1.1(0.6) 1.30.7) 0.2(1.3) 22 (0.7)
5 -0.3(0.8) 1.3(0.7) -0.6(1.1) 20 (0.7)
6 0.1(0.7) 1.2(0.6) -1.2(1.0) 20 (0.8)
7 -0.7(0.8) 1.5(1.1) -0.7(1.4) 23 (1.1
8 0.8(0.7) 1.2(0.7) -1.8(1.0) 25 (0.8)

¥E 2. CT-SPECT M&te| "Ha ol QAHET (EZHAY),. CTEAe| & ZEZFE SPECTHAS X ZHEE MW X5,
Table 2. Mean translation error of the CT-SPECT registration: Mean (1 STD ).
The deviations are the target coordinates of the SPECT images subtracted by those of the CT images.

=
-

1 02 (1.2 00 (1.0 1.1.(1.6) 22 (09
2 -07 (1.4) 21 (14) -12 @2.1) 34 (1.8)
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Table 3. Mean rotational error: Mean (1 STD). The rotational errors are the angular deviations of the MR/SPECT image planes
coordinates.
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oA A (artifact) & YEFUA] kol 3tk A ool YTt
ol TjEo] ofE FHLd glojME EAAE AA RE5H
o2 BaFe}r 3 AL wEgAaE Y ¢ gle FY=
AE F doh EE Aol uhEh $Expe] FAFEYANA F
Ao AT E ok g olg offE A
AE veElde ReE ez UiAg ARVINEY sl
AE A1 (Mutual Information: MI)¥Ho) A= HIE 9|3l

AAstD vjdgdoz i 71 A A o e FHE
F&& 7HA AHE AAE AA d5%H FHGeE HE
WA 4So] 3 Chamfer AolAH HF7]Fo8 AMEH

7% FRT2]. 2 o FF/NES o)&stE A &
g A & 4 foerz YA 23

7He B At FE7IEHE o]&dd HE g2
g S3kA @3, A 4 dHe] AHAD v
al o

fl
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34g 9AEL A4S ARES AFHDA S
Qe ¥ 7bE 9e gFgd ABALS Sl 97
Fol #9sin e @

JHelth[3,4]. Q1+ o whek 2H
Hi e #EL /KA FYF
ot Pelizzari 2[1512 <A RAF Alderson RANDO #E
(Radiology Support Devices, Long Beach, California, ©]%)
o WPRES 59 A3 (surface matching method) & &
&3t CT, PET, MR <377te] AL {8 AFgsisinh. &
2 X9 Hd AF2 LA+ CT/CT, CT/PET, CT/MR &
A 2zt 0.70£0.48 mm, 1.38+0.65 mm, 1.36%0.45
mme| k. zeu AMEE EHLE o)xA ®A Bl
g delut Hol e Fake Wyl it ARE xEstn
QA ¥gtth. Hoffman > WE(Data Spectrum, Inc.,
Hilsborough, North Carolina, H"=)E A}&sle] PET,
SFECT, MRA¥zrel B3e] A#=rE HubE7E ot
[23]. o] AFAE Al FuHE we BE W3 HFEY
2345 Hrisled 28 A (surface—fitting) 71ye] &-&
HAo. ZF & HF37] 98t PET, SPECTY =
AE BH AFEd o3 F58E MR 2709 FHd 230
HEAT7 F HEg g Rad A JAAHRE H|w
Aok AA olF oate 24 AuFWEOZ 2 mmo| Y
2E A5 oA AAAE 200Uk o] dFE B4
A2 vl HE WrE dU] 98 &43 Ao] ol wE
o 7Z]&9 FFr|EHYE tad. olg fEo WA R
A 7lEog2 F8FT e CTHA g ZAFgA+7}
Z85A g}, Mutic (2412 RSVP #E(The Phantom
Lanoratory, Salem, New York, P1%)& QAT dF
o #8315t 15 AYAoRE o&HI e AEAY
Z3¢1  ACQSIM  Oncodiagnostic ~Simulation/Localization
System (Marconi Medical System, Inc., Cleveland, Ohio,
W)E 83150 3 ME9 F, B, BAAE] JAAS
o AYREE Hrtalr] Hskd 4FATE o] ATl 4
4 49 AgEAY ZEHAE 2.533£0.90 mmolS)
o 2y gA AT By eAE Fike He AAEA
= 2%t
2 dFdAE CT-MR, CT-SPECT Ag ZrzhoA b
4 AFSHZAF 227 UEF 2 mme 3 mmolYt). o)
3 gEd vnErty oldAFEY ARe Az v
FE #Eolth 3 2 8(d)9 9(d)AA Bole A
2ol BAHEL FAAFTIMNE F2 FEAAE BED ¥
F o5 FHeat 5@dez AMNHAIE APE o] F
2z EIA ABH ok a¥=E § 29 39 A4
AFTRLAF AAE ¢ BE 2319 YU Eg3g
o 5 do23].
2+ AT 2ate] AdeR B VAR Yo AL 4
A}, Peters 502212 27 7]8}, BAA A, T4 9%
o FHE AR FEAM BAAE B3l A AP

ta

FrhlA oxt BAT & g BT E dFE BF o
o 243 B4¢ AeaRens EA4 9 wad o
A G wAE Wt MY B e Yoxl 9o
2i BAR ANNA dedth 33 29 FRPEAL
A= e 45 NG EAVY FHA AuE 249
= Aol 27 Az 9 2 A gol A BHo
2 99274 52 /Mt gue 239 A8 + A

FGgee] A& Bt 39

[11]. BEAT7 AA A28 HE /X2 FRss A7)
vla] 7)atehy Fxzel A Afe WA &r] Wi T
AAe] & obr|EE HEAY BEFAANS W7 sy
24 94 A9 HY AEE 2 H9E AAsk=d A}
85k 21(3)& AA3] ke Wl FE olfse WY
o2 FEY diy A FAESo A Hw sxa £as
AH FAEERY Bd o g3t Al AR AF
He AEFAY /L dE Uehdo 2z Fue AHsE
g Bg=7} ozt FFH A

SPECT @telAe £3 %3 ZARY Faldoe) 949
S AR wio u$a FYE AEE AEHAY. o
S.2re) AL trilinear WAAH] 7 A ALAdo
2 A7 A AT FypdgoA HH SAs 4 9
2] FE Ao oJ3g v Trilinear WrH el
o AAAY MRISH SPECTEAL Ed&ZA HH F7
& RYY. I8ER o 23 YL Hadsr dEMEe
3] SPECT99 250 &2 dH FAZ
Aol F43lth. MRIGAY & ot tfE gglolx
o] g0 B 79 HYE =
A" MRIZIZIY AEBEE 53
2} = 3}eich

AZ Aol wE Ay JqL vXE F R 847t
AZ49  Chamfer AR FL s .
AAE A ALHE ¥M5EY X7 A3, 24

5
o5

)

o

ol g

ox Rt
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HA3 7ot 493 A AF5y 27132 Ay
of w9 o a4t a8ER AFHA FEE H6A
z7] ALES 3 7 F YAAA Folof et A
gzl ZAl% W3 (Principal Axes Transformation: PAT)
o] o] g 23] 3 wylezr FLEJTH18, 25].

Jet B Ao PATE Aol Axe} Aol & 34
& Hol7 Bt ayEZ A HFAA PATH 28
g AR XS Fol7] st ALgsA] &gt H A slolA
£ Powell® ©] Downhill simplex)} Bt} 2F3F ©] Ao W7
A wEE3Ele] Agol Asste A7t gl At
Chamfer Ao & A F9 shvte yhef AA ¢k
H g4 dielErt g8dohd A AL FoE FAEH
¢l Wele] fltk= Zeoldh.  van Herk T[5] AA] 17+¢]
HE &8&ste] A ABAHAL Huishe "9 39 (ful
circle method)"g}al &%

N
0
Al S 4EE 282 o

Turkington [16]ef 38, HE& )83 A3 A
AR, dFd4 85 8o, AU A% 4 A, A4FA
o] &oldly] Wi AHez AT FA4AT 3 &
ARE 7MY 2822 9 e 98 £ 7igel B A
TEE 94 82 8837 S Mool & He
7t Aok olet A A FHA, #2329, 3E Ao
(chemical shift)52 22 32 @ALEo] R Hojof &
th 2 el g8 HAES AA A7te] HE uigos
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