2 ok

AEU S R T 8 TR P

FAT -

I.M E

AggelM |49 dexe AFH o
71&e ws ‘11301 oS F7ts 1 3len, 4
G 71E EL ol8shke oA AFH
FEUEY gE 7‘1‘&7171«1 BUHE #Ese
o2 Aa} uiAolR| 1 glo] WAMIEE EofellA
= HAGRAMIARL &978217F Bl L=
&8ss o, 23t A28 Fopell fA
g 982 018 Jd717180] AEso] f-8-3t
Al o185 3it.

PIAGY A2 M BENEE
g3 #=dld Hujge] AGPEE de H
A3 G BETL AFAL] 9 A4 H
Loy

I dukH oz JEE Astn RHs)
£ el met obdEa JA tAE 98
2 FEE old2 a1 G 84 wA 9l
HI7F9 A9l Fej2 ARs e v, gAd 948
< ZE Fez A 0|8 71l ZUH
ot ZIEE o] 43 e BEE F 9

Hed
e

19984 63 30
19984 74¢ 144

Do

polt i,

e

=X FHAD : Vol, 28, 2, 1998-

A

T
ot A

Mastmy 2 F8ARgaTA

Qv

o} webA FEARE URE 9739 ook 94
A7171& o] &3l B} P&t gL Ay
HE AL 40P,

OA Y Sw<dge staehs 712990
ARG ol FH Zzte] slhe Y4BT T
AFE e Goz shro] ] 2 = I
9] S AP O Qde BN
9] =gglo] ¥4E g, A2 & 533, FH
Hgtoz A& AN 4 1o sligtel W
318 o83l dxx 24 T JAAT 7
3}, 9] gy slAdAdle 9gide] 2= &
F e Wyl A7 el 144 sk gt
< 7130 Wiztd A Az AEA IR
gol AFHEY. 4dE gl g = 4gdEg
A5 G| GolA Jl xS EAsHA
g0 o] ¥l HRo| Y2 Srge AR F=
¥hH-S B 7P (interpolation method)ol2kaL g
o} B g adelMe] GdRHe] Zu)
A, Fog BAPE v A2, 22 A
AREAMY 224 B9 5AL HU=Z k=
A& FHOZ 3n Sil‘:}. 53], 945 53 2

7o) BRAS e AAREC) F2 oz

33

gemz Gl ﬂtﬂf\] AR dxgeR
W ZATEANMS FEE Hoig TS 2 avt
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th, gutzleoz HIME i 9YAE g
A, AAREo] H&sls e EAo| Ut} 7|Ee
HIM e o9} 22 AAN-F2 B E Hulslel
£ Hgke g Aslslo] grje?,

Uut AAGAY] I AETAREE () gdol
A 1-1 Ha7kR] Aeta o2 A3 gre) BER
FE 71 e v, OREX S G S
dAe] S| AETREEE 0 gl 2 1 ¥
2oz AZHE 88 BIE2 2t ugq A
GBI HE AR s gt A
o) vg] @ FEoE XX Uehhes e
BT X2 N GdE FA Ao}, 2T
& HjA 0 E o|Folx] Qi) o e 1
go| HulaA FHer & F9dA "t
Ao} dA sl x| 2T XoPEHT} 7t o] F
& ado] gaA T w17 Azt Bt
& AL 7T Yl WiAREE A of
T2 Mol | 7HAT, o)s} o] X TThAL
AgAe A o] ddo] v)&3t A 7ol F
Hddoz e & nh. dutAdgAre At
Aoz Ay AL e o] Fde oy 23t
d9oz oA, T3, XA
Ao AUz grle] Ao}, AZEF, wiA 5 Al A
o] d4d B2oz FAEH glenz At
Joo] B ARy} T3E AUSS & F Uk
w12 - )2 G /ol A 737 (edge) = X oF
s} WA AARE XZ2Z3} wiAe AARTE,
2223} xote] AAQ AFA7} &, 2]
I XZ2F Yol FaFe) I o8 veht
E AAREoZ e £ AT ol @ AARE
E& Uuk QAT vnd o) AAN-Ro] B
A 23 5L Holr XxZ F-9joA #
B35 e A9 Bt wehy ol AARE
& MRPIAA S o] 43 AYA] F83 4TS
sng 7tzg geijo gk,

Aestsol e YALAZTIAIREE
) A2  gde B Ayl veha ol
g B2a3e Qsl] AAREe] FRE 543
g 2L ol A3 & Bl §
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< "ol d 4 gl

A el FopollA txE F/del] iR
B7o] AL tg ATE ATEE, 28
g4 9 27158 Sl & AABA
U 5337 9] AL Ak d45o] gt
Robertson(1997)59& 3 284 #9019 A
AsEAR o] YRt o] sl S AR
7P (linear interpolation)®} W-T2AM oz}
(back projection filtering) 5= ©}&3ld 3%
A 72L& JhAEE T Berkhoff(1994) %52
B-2=9] 2&37ALE AlAE o AR FolA
Bz wo g Jeht 44 il VB2 &
ke AH4E Pz F4slslor 2 et
tha s, Tt o] W RABRYG 4 F
7 g2k A e FANE & Al 371 st
of R7PHS H4stogn AAZ W G
BoZ 4 ok st Eddy5(1996)9& A
71389390 de) 38R E ANE] $18,
Rieder®t Kruger (1983)' ¥ Krugers
(1982)92 tAEEA=PEA] Tt HFol
U 3Fo= el BAHE e AE&E B
317] Slsled BIPHS o83kt X9 99
oA Dastanes(1996)°2 BIPHZ 2831
FAel HEYE dA3 A2, BE AT
AL T 5 0o ol Al 4 glvka &
Aot '

B AFE 98 7 B3PS g a2
WAL G del HEAIA 2t wWhdel gk SNR
(Signal to Noise Ratio)® MTF(Modulation
Transfer Function) Al-302 AAR B2 &
3, BAgo 2N tAYX A ES 7N
Aske o 1 B3o] it

o rot

it




[. 937E X A

1. OAE @40l g5

114748

Aobg-H4Zot B WATE om, 4
Sloba7A NN 15mm olhe) 474l A
28 Holt 49 JeknAsh st Al
FA 2 A dzderze FARE UeE

3.

1.2 AMAARR 29

HAPAAR 92 BA T0kVp, FAF
8mA, 7} 2.5mAlQ! IRIX 708 HARIEAY
2] (Trophy Co. France) B #A% 60kVp,
70kVp, BAF TmA, 9% 1.5mmAlQl
Heliodent MD WML A] (Siemens,
Germany) & °l &3 A, =&AL
Heliodentel| A1+ 0.01, 0.02, 0.03, 0.04, 0.05,
0.06, 0.08, 0.10, 0.12, 0.16, 0.20, 0.25,
0.32, 0.40sec?! 14242, IRIXSIM+E 0.06,
0.10, 0.16, 0.24, 0.28, 0.34, 0.42, 0.50sec2!
8HAZ st o IAMA g B9 AZe
40Cm= #Ftach. A dig 2
CDR®™ (Computed Dental Radiography,
Schick Technology Inc, NY, USA), Digora®
(Soredex Orion Co, Finland) ¥ Ektaspeed
plus film(Kodak)& °]-€3{th. CDR®] CCD
A7l 346x192mme] #HAXH# 720x400
9] 3}AuEH 48x48mme] 3A:TVE JIRl3
Ron ARAYE 12bitE APy 2UgA
o= 8bitZ YERATH CDRAA ¥ txd 4
3 288,000byte 2719} 474 fileZ A3
on WAH A 2RO olfH J4}
A2 glol ARt Digora Al 292 3x4Cm
9] image plate® °]&3lo] #EJ3 T HE

gP'in - gl"zvxi—l = gl"/vxi—z == gP' Nxi-2 = gl’i

scannerg ©|43ld tAd Yoz AFHA
t}. Ektaspeed plus films o]-&3led &€ ¥
2 M AFAE712 A4 F 35mm film
scanner (FV-10D Fuji Photos)& ©]-83le 2t
Ztel 9 94S UAE 94 4L gz A%
&t} Ektaspeed plus film 3 Digora®l 7<%
< 149419 =217t 60kVp, 70kVp F
ol #Hte R st 742t 64719 UAE 94
U S A8 o8 CDRe A% 24709
Ad 449dE AT ZE JAHd e
BMP 32 A3 o 2E AL A4
AYE AlYsix] g2 Auz ARG, o
T 7zl 93E BEE o83l 9dAe
AT

2. B2 (Interpolation methods)

B APl E 71E AFE 67141 BBy
d gl 5 UALR2DGdS AP3IA
o} Z2] 3 vixigto g B ApoA 119k gray
segment, expansion-S o]-&3la] gi3e] HIE
HE A, Zzte] B3bie oig dael
< ook 2t

2.1 Nearest Neighbor Method

134 B7F dmEE Fig 2.1(2)9 34
9] ¥71& o] 43l Fig. 2.1b)el Py, Py, -,
P, 4o W& 2% sk et dxgE
< 4 (Dol A% o]2e] Hdg oz
EAbele] o] &3t} of7lof|A] N& Suju]&S
Ueh 1 g, = P4 pol 271 vepict.

Fig. 2.1(d)& Fig. 2.1(c)Z 22} nearest
neighbor'] & o] 8313 gull &gk §/dolt}. o]
WL g /dolA ARRH R o] 27} YEL
vt mEtA, AAFEAAN 4R 54E e
g #2AE A2 S w2 & Yt o
HIZPHE Ho] dsinz Unk oz idA
2] &ZEgoloAE o] Hgo] o] &5 11 i},

+4(1)
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g2 Q2 9: g2 g:

g0 g0 g%
gi g1 gt g‘1 g1
Po p: Pz p'o p's p's
(a) 994 (b) i

1.\

(a) ot (b) 8el Eoig %
Fig. 2.1 Nearest Neighbor Method

92 3
Qo gt
gs 92
Po P p2 p p's p's
(a) 99% (b) S

1.\

(a) Aotad (b) 84 &g’

Fig. 2.2 Linear Interpolation Method



2.2 A3 B2 (Linear Interpolation Method)

Fig. 2.2(a)% 2.2(b)= 13 AFREE
Jehi 1 Itk Py, Py, o, Py B4 Wl
g4 p,, P, #7119 APARZS o] 831 F3
Bt} 4 ()& APATAE UehiT

Fig. 2.2(d)€ Fig. 2.2(c)& 2314 A3 BT
HE ol & ]'04 gl gk J/golth. Sl
X AR ik o2l A /o] HEH o
=3 Nearest neighbory ol Ae] AztE 7= ¢l
ojx| e, gAto] HEs}eo| Nx2EF Aojo
A7} £ 83t

2.3 8]438 2 7hY (Non-linear Interpolation
Method)

Fig. 2.3(a)$t 2.3(b)= 13 vl PEIPY

& o183t 28 gk G/l Fig. 2.3(b)
P, P, P. P34 %Il Fig. 2.2(a)
9} ab,c,dE IR o8&t 185, H3HHo
of & P Ao Wrle 20 ¥F P, P,
P, P g4 B71E o83l 7ach AR
Zhode P g4 wWigs 238d P, P,
& o} &3le] Bzisled), BRI M E 4
e HAY7|E o] 83EE T AR Hitol
7Fsslth. 53], ARG NN AR v
& AAZ BEs=A] gett. F#4(3)& P,
Plz, P/4, P(SSH}QQ'] 3}7] (a,b.c,d)'aé‘ o]_g-é}o:]
P g49] 97] x & AR k= 4ol

T4(2)

plo P2 pa p+ p's

(b) &g

P ik =Pt P,+1 thk k=01, . ,N-1
N
a b
c T
po p1 p2 ps
(a) R84
{a) Rol97d

(b) 8#l Etgd

Fig. 2.3 Non-linear Interpolation Method
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k(c-d) +1

x=yb+(1—u)c , U=

—_

7o kghe el B42A BIbRe v
HEPEE Vet o2 k=09 7
CRERIE

Fig. 3.2(d)% Fig. 3.2()% W43 =3
ol g3le] g Bk A IeG ol AYR
Bl erd BeshEsE YOl AAD, Aolst
AT R 4R shTo] Lehtagict,

O

‘T'T_"}x\j

oft

o o

2.4 AA 329 (Facet Model Method)?
Fig. 2.4(2)8} 24(b)e BALRIH S o)
£3 2249 HE S veidt. WA Fig.

k(a-b) +(c-d) +2

+4(2)

2.4(a)9A p & 71ECE AdetEe 25719 o
A W7 (pro~p) B ©1 831 pd FHL
2 3k W) 3He gale e a8y
g o] WA S Frhdoz Nuj g
S et Hel WS o] 83} Fig. 2.4(b) X
Aol 871E F33) Fig. 2.4(a)lA HHe
WAL FA4-Dolth 283 it HHe)
WA 4] (4-2)°lt},

Aq71A ki, ky, -+ ko, ki Fig. 2.4(a)%
Foll HeJE maskE convolutiondld 7+& 4
Ao r, ce Z QURRE p,, AR F

P22 | P21 | P20 | Par | pas pit| X | X | X | pu

P2 [Pt | Pio | Pt | Pz X | X | XX ]|X

Po | Pot | Poo | Por | poz X | X |po| X | X

P2 | P11 | Pro | Pui | Pi2 X |1 X | X ]| X | X

P22 | P2t | P20 | Par | P22 pa| X | X | X |pu
(a) 994 (b) Eohgd

A

o2
o

(a) Ao

t (b) 8uf Sl

Fig. 2.4 Facet Model Method
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k +kyr + ke + ky(r* = 2) + kgre + ky(c? —2)+

k(' =3.4r)+ ky(r” = 2)c +ky(c® —2) + k(¢ - 3.4c)=p, #4411

2
kl+k2ﬁr—

2

NN

7'3 r r2 r C'2
34— k| — =2 etk —| — -2
k{N N) k’{N )c 9N(N

A9 AE JEehdth

Fig. 2.4()¥ Fig. 24()& BAF=AHES
ol &3te] g i3 FAolth MFEIPHAA
B} Aol BEst=e] k.

2.5 Cubic Convolution Method
Fig. 2.5(a)%} 2.5(b)< cubic convolution
& o] &3 139 B Jeldt HA Fig.

get ai
g+t Q2
Pi-1 pi Pirt P2
(a) 4%

2
+k3£+k4 L 2 +k5Lf—+k6 o+
N N N

C3 C
J'*' kxo[fﬁ - 3-4'1V = Dy

+24(4-2)

2.5(2)9 B4 W7 g1.g.g1.8:8E o83t
o YAS Ak 3AL BE. oY Feke W

2 convolutiond& o8&t Fig. 2.5(b)&
FaiA 24L Jehth 2 F p lxP v
Aol U7 o] A W& o] g3l o
sAL Z2Et F£A5)E UHY W g,
g.8+.8+2% convolution®< ol&3sld 78 =
A¢] wAAS Jehdt,

Pt Pl

(b) Stig

(a) Ao}d7d

(b) 8uf Srhg’d

Fig. 2.5 Cubic Convolution Method
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g(x)= gi_l(—s3 +2s% - s)/2 + gi(3s3 - 55" + 2)/2

4 (5)

+gi+1(—3s3 +4s7 + s)/2 + g,.+2(s3 - sz)/2

g1 gi

gis1  Qis2

pi-1 pi P+ P2

() 99%

(a) Aold3

P P

(b) Sehg

(b) 8ufl g

Fig. 2.6 Cubic Spline Method

A7l sE 03} 1r}ele] degkolrt,
N=4U7% s& 0/4, 1/4, 2/4, 3/4°1}.

Fig. 2.5(d)= Fig. 2.5(c)& cubic
convolutions ©]&3le] 8 it < dolt}.
AYPHIEG Ao Gigo] AYshy 7

Aol BBHEHE Het.

1"

y = Ag, + Bg,,, + Cg/+ Dg/,,

A=pi+1_p ,B= p_pi
Piv1 — Pi Pivi — P;

=, 2.6 Cubic Spline Method
Fig. 2.6(a)9} 2.6(b)= cubic splines ©] &
g 1211 B7hE YePAY Cubic convolution™
3 FARIARE, o] Wl E 4 (6-1)3 2
o] splined< ol&3lqd UAS Ave F49
WA AE F3
o714 pE pET} 21 p,, B}t ZFHe A5k

F4(6-1)

T4(6-2)

- %(A3 - A)(pm - pi)z » D= %(33 - B)(pm - pi)2 T2(6-3)
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oln], g" & g9l °]A} w]Egke|t}.

Fig. 2.6(d)= Fig. 2.6(c)E cubic spline<
o] &3lod 8l i3t G dolct, AFRIPYEL
ARH o2 A3y AARENA HEslay
£ &t} T3 cubic convolutionyoll H]3kd 4
Aol AL §AAoE PR FE YA,
PSNRe] cubic convolution®oll Hl&| 1dBE=
= AT

2.7 Gray Segment Expansion Method®
Fig. 2.7& & =&dA A¢k3t gray seg-
ment expansion§ S o] §-3F B B %o
. Y94 FLY) 2N AT 1
o] &% segment™ & o] 83t G743 FAR-
& Zopdit}t, ez Fopd AAF K} 94
o] WIIHEE o] 8atd NP AAREE
< Utk 2 7, 949403 78 St
BAREE o] &3l HIHE Y3t A7} of
d FFMe Aol 7 558 cubic spline
He o] 83la, A FRMe AARZE 4
g AA7IHE o] &3t} X2dFRe] Fa%
AGH B Aole] AARE JFHA Jom
2 329 A7 83 98¢ 3t

Original

e 9o Hoig Juiggeln
o AARRE Sohie WaT, 78 AARE
o 99490] LAUAE o] 89 R E ek

=

k!
ade] A8l B W% GG St
2oz %3 o] 999 JYHE AAYRE
@itk 2913 AAS Soie A HBHE ol
et

2) AAREE o] &3 Bt

Do #elA g BA FEANE
T 239 FF FIE el EHE o8
st} FAFES A2

Fig. 28(b)= &3 it ZAE B
oF31 9t} L3 Fig. 2.8(c)&= Fig. 2.8(a)&
gray segment expansion®s-& ¢85} 8ulj 2
e Fdoltt. g dolA= cubic spline'd
oAt BAA F-Zo] AgsiA vebdt

Modified

\ 4

ol J

Edge detect
interpolation

\ 4

Finding Edge Using
Gray Segment

v

Fig. 2.7 Gray Segment Expansion Method

395



1Y

(a) Aotdd

b
(b) 737 S’

(c) 84l B4

Fig. 2.8 Gray Segment Expansion Method

3. YA = SN0l Bt

7] BB o8 gl WAl
As BRIk B7hEL 949 SNR#E
o] &3 W, MTF< 83 13sd & S5
Y ogn ERALE B9 FEH S o
L3l WA X2 4GS A etRd
S o] 8381 1/42 F4T F 49827
7HA BZPEE ol &3l 4u) Sttt o F,
LT GrigEAlele &4 FEE At
HIPEE gkt AR A Rd e

4 (N3 2. &, 549739 Q4@ 99
o] 72, A2 (4x4)7) 549 Fadgke] Bt
A71A flxy)e 997489 JAdgelH,
f(x'y)e $4949 gAged. a2x
&y )E f(x .y )& 490 gt g/doltt.

3.1 SNR(Signal to Noise Ratio)
937 grgidate] Apolgldel Wi F
quiR] gro = o] &S S
A ML =gl
o 7] $3 1y LG4

x=1y=1

Camera Model

AHAAT] MXN

Interpolation

M/4x N/4 MxN

Fig. 3.1 3&kxi2| & Aol &It

4x+34y+3

EROREDWWIES)

i=4xj=4y

+H(7)
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Signal Power

SNR = =10log —x——=

ST swyy

Noise Power

x=1y=1

FAUA gkel™, ii[f(x’,y’)—f(x",y")zl
€ Y9733 drigdte] Aol B el et Fol
UA golth. SNRHIZF 29 2%
f&"y")7h B9l 72 & 5 3o

3.2 MTF(Modulation Transfer Function)

ATFE o] 83 G nFIYE Yot

o] & Je nFIIEe] 4 HIE &
A gt WA, DCT (Discrete Cosine
Transform)< ©]83l, Y94 fx,y) & B€
I3 K y)E T 8GR M
t}. F V)& F' Ve Fo¢ ARGA0
2, 0o]Z o831 flxy)¢ fx' y)d Fis &
X5 78 U G4 AFu e

WA
Y ) F(uvy olm, B4 nFat RS
u=1 v=1

N

3., 25w o, g @i 4949
D3 2o S nRe 4EL st

Aot vl Ase £4 (9) o 2o,

X

2 ZF(u”,V”)
MTF =+ /N‘/ +4(9)
VARA

2 2 F(u, v)
u=1 v=I
719l MTF Aggkel 190 7174 99
A5} B Alole] TFIYRo) HISTE &
% gk,

> Y[y

T4(8)

- ="V

3.3 gagF FPAT Hot

T7HA 94 B2l tisk] zizke] 9ae
Filshet 285E ARME 43 st A
FeEllel WA Azt AR E o] 83l &4
3ttt

3.4 &Rl o3 B

HIPHE AP Fde tdes 59 @
AR oa) gdel A7t B7EE. 37}
A FFY RN 22 B Al A 2
3 7712 BIPE Al F 939 A =S
Hlwalth, BAAS L FAAIHAMISE
HEFE ASolnt. I 170X A4 By
Bl dollA thzst $iee] 24 glol BN
o} B89l B7he ofelet o] 5eAR ST

1. B3] 7Wd=A] gkt
2. W 3=A] &3t

3. g

4. AAHAH.

5. 3] 7| =AU

A Avhks Zhzte) Hhyel tisld et
& 9739 )% =9 H71HE Medcale program
< o]83l interactive dot graph® YERIA
ok FEA, WhEAlel 9] B Anova HAE
A8y,
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1. SNRet0l QIgt 7JHAI B2t ZDI

77FX B2 Z cubic splinedollA] SNRak
ol 714 Zl o, HAFRA A 7HF Akt
WA 2EH I nearest neighboryolAl SNR
e ztele gl ot BAFRAH I o2 571
2l WPl SNR#Y Abeole UATHEP{0.01,
Table 1).

Il oA

A BR FPRRNN P OAg G
o2 T B g Adesct 339 8
Sy, Baste] 93, e 2T el o
& MTFH7}H 2 230 13 %7}e] 2ake o
&3t 2t

Table 1. Estimation of seven methods by signal to noise ratio (SNR : Mean + S.D.)

Method SNR Number
Facet model 7244 +9.64 190
Nearest neighbor 7419 £ 11.01 190
Non-linear 75.14 + 9.56** 190
Linear 75.46 + 9.42** _ 190
Cubic convolution 75.82 + 9.07* 190
Gray segment expansion 75.95 + 9.24** 190
Cubic spline 75.96 £ 8.98** 190
**P(0.01 by Anova

Table 2. Estimation of seven methods by SNR according to digital image acquisitional device

(Mean = SD.)
Method CDR(N=154) Digora(N=581)  Film scan(N=595)
Facet model 65.41 % 20.70 71.51 + 4.92 75.16 + 7.55
Nearest neighbor 68.71 + 24,52 72.01 + 5.64 7773 + 8.12
Non-linear 68.35 + 21.34 74.61 + 4.98* 77.42 + 7.09
Cubsic convolution 68.95 + 20.90 76.14 + 4.79* 71.30 + 6.22
Cubic spline 69.01 + 20.80 7647 + 477 1-26+604
Linear 68.33 + 20.96 75.16 + 4.88* 7760 £ 6.96
77.18 + 6.15
Gray segment expansion 69.81 + 21.63 76.31 + 5.13*

*P{0.01 by Anova
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2. UNSISAR|0) (2 SNRgt T}
CDR%7%, Digora¥’d 2 film scan¥3<
ezt 77};4 B7bHe] SNR g2 Hl w3kl
& uj Zh AR ol W2 SNR#E] zkel& U
TH(P{0.05). 771A] B.21H9] SNRak HlmAldll &
CDRY4# film scan¥ggollA Z+ whdol tigh
2ol g1l ey DigoraddolAe HATRY
N3} nearest neighborfe] e 571X B7H4
7} SNR#e] &e) 7t IATHP(0.05, Table 2).

3. M| (2 SNRet Tt

60kVpet 70kVpollA] €& SNRge Z}o)7}
AATHP{0.05). 60kVpellA] HAZ Ry} o}
2 6712 B7biske SNR#ke] Ajol7t gidley
(P0.05), T0kVpillME T71Rl B3 Alo]e
SNR&k] #kol= $IAtH(P)0.05, Table 3).

4. MTF 24

Nearest neighbor#ollX MTFAI4gkol
0.66°2 T7HA B70g 5 71 EA vEhsith
“:?} AR o2 6717 B
< MTFAFE-E 2hel7k AR (PL0.05,
Table 4).

5. 212IE 3N LI}

Table 594+ FE|Y MMX(166MHz)olA
Cololz A" daelEe] FPAIRME Je
2 Ut &aElE F3)A17E2 nearest neighbor
Hol 71 wh2A AlLtsERon BldgBbge)
Vg =4 e o F U 2 dr|AIzkE 3
EAIZHE 3183 7% cubic convolution'd
cubic spline’o] =AY AlZtol 332 &

& A2 AZEY gray segment expansion
‘i'é:‘ 2 AP HAIM = 2 e B+
Lgte] 2717t 2ot qul 2 ke A-¢-E
AMEEIL o Ful2 JAES & & o
(Table 5).

6. A0 st FAO| JHMET Tt

774 BB gk FARE9 HrlolA
Z}zte] BEAAL Alole] Aole i1} Nearest
neighbord® APHzbY, vjAFRIPY HE
‘&U‘Eil‘?iﬂl o)zl A& At sl BARS

< Gl MAHA eFdthe el EA Ve
%}, 3 cubic convolution®ely cubic
spline¥, gray segment expansion®yollX =
o] JWAH AT 8ol T2 471A] Wil H]
w3t #A ettt (Fig. 3.1-3.7).

Table 3. Estimation of seven methods by SNR according to kVp (Mean = S.D.)

Method 60kVp(N=568) T0kVp(N=722)
Facet model 74.03+6.31 71.17+11.50
Nearest neighbor 75.56+7.37* 73.10+£13.13
Non-linear 76.69+5.95* 73.91+11.55
Linear 77.05+£5.77 74.20+11.39
Cubic convolution 717.36+5.14" 74.60+11.12
Gray segment expansion 77.39+5.25* 74.80+11.35
Cubic spline 77.50+4.99* 74.74+11.05

**P{0.01 by Anova
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Table 4. Estimation of seven methods by modulation transfer function {MTF : MeanxS.D.)

Method MTF Number
Linear 0.12+0.06 189
Facet model 0.16+0.06* 189
Cubic convolution 0.16+0.06* 189
Cubic spline 0.18+0.04* 189
Non-linear 0.19+0.15* 189
Gray segment expansion 0.25+0.14* 189
Nearest neighbor 0.66+0.46" 189
**P{0.01 by Anova

Table 5. Estimation of seven methods by computation time (sec)

M Magnification(4 X) Magnification(8 %)
ethod (160X 120)—(640x480) (80X 60)—(640x480)
Nearest neighbor 0.28 0.22
Linear 0.38 044
Cubic convolution 0.83 0.77
Facet model 2.31 0.99
Cubic spline 5.28 0.26
Gray segment expansion 13.46 7.58
Non-linear 25.93 217.24
**P{0.01 by Anova
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-ABSTRACT-

A Study on the Improvement of Digital Periapical Images using Image
Interpolation Methods

Nam-Kyu Song, Kawng-Joon Koh

Department of Oral and Maxallofacial Radiology, School of Dentistry, and Institute of Oral Bio Science
Chonbuk National University

Image resampling is of particular interest in digital radiology. When resampling an image to a
new set of coordinate, there appears blocking artifacts and image changes. To enhance image
quality, interpolation algorithms have been used. Resampling is used to increase the number of
points in an image to improve its appearance for display. The process of interpolation is fitting a
continuous function to the discrete points in the digital image.

The purpose of this study was to determine the effects of the seven interpolation functions
when image resampling in digital periapical images.

The images were obtained by Digora, CDR and scanning of Ektaspeed plus periapical
radiograms on the dry skull and human subject. The subjects were exposed to intraoral X-ray
machine at 60kVp and 70 kVp with exposure time varying between 0.01 and 0.50 second. To
determine which interpolation method would provide the better image, seven functions were
compared ; (1) nearest neighbor (2) linear (3) non-linear (4) facet model (5) cubic convolution
(6) cubic spline (7) gray segment expansion.

And resampled images were compared in terms of SNR(Signal to Noise Ratio) and
MTF (Modulation Transfer Function) coefficient value.

The obtained results were as follows :

1. The highest SNR value(75.96dB) was obtained with cubic convolution method and the lowest
SNR value(72.44dB) was obtained with facet model method among seven interpolation
methods.

2. There were significant differences of SNR values among CDR, Digora and film scan(P{0.05).

3. There were significant differences of SNR values between 60kVp and 70kVp in seven
interpolation methods. There were significant differences of SNR values between facet model
method and those of the other methods at 60kVp(PX0.05), but there were not significant
differences of SNR values among seven interpolation methods at 70kVp(P)0.05).
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4. There were significant differences of MTF coefficient values between linear interpolation
method and the other six interpolation methods(P<0.05).

5. The speed of computation time was the fastest with nearest neighbor method and the slowest
with non-linear method.

6. The better image was obtained with cubic convolution, cubic spline and gray segment method
in ROC analysis.

7. The better sharpness of edge was obtained with gray segment expansion method among seven
interpolation methods.

Key words : image resampling, digital periapical radiograms, interpolation methods
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Explanation of figures

Fig. 4.1 Original image ( Digora 70 kVp, 0.16sec)
Fig. 4.2 Camera model of original image

Fig. 4.3 Nearest neighbor interpolation

Fig. 4.4 Linear interpolation

Fig. 4.5 Non-linear interpolation

Fig. 4.6 Facet model interpolation

Fig. 4.7 Cubic convolution interpolation

Fig. 4.8 Cubic spline interpolation

Fig. 4.9 Gray segment expansion interpolation












