CHEEXIZ=IUHEHSIA = Vol. 28, No. 4, 1998

CIXE SHEo|M B|EEE WAMMALRIS] f=x 3
7|stetd E-of 2t A

L ME W FAT 5 g W) A b 1
o4 o) B 913 A ‘_EI‘%] s

TR g F# ]g Digital Subtraction Radiography)©] o] 1986 Ruttimann 592 robust digital method
T NS T FFS T Ao ML ARRS AR &, 19884 Ohki 519 least squares quadratic
HiiﬂﬁwlﬂﬁvéﬂLfoﬂ¢~g approximation method& HTS{v}, 3 EGA
Ao g Afold] Az Mg n A Hatge o 2AS S A sl x-d 2 A9}
Heol F= 2 ol 983%, Grondahl %n 2, FEE VAR AAAA 1R WY
o] 25 ZHghe] et YA FAl=S 1%‘3} o (FEsh AR ARz o] o] Barts 20.20g]9J 01}
2 B3o] B o]#, X|gola] o] WPHS Hgst  olE YNHOR o8] YN B3, H]4-
Sl pob AZE Mapo, A9, Aol AR] ol 20510, Habe] EAl7} o] A
267 QJETE F9] T WP, afot o ¢ AHoR. o]d o]fr= 19901t Z¥te] Dunn
;‘(] g_g = t‘ﬂ 9,10) X]Z*‘ﬂﬂ]}ﬂq a—q,l_zn 12) x]O} 2)0] ] 43}] ]EZ;@]. H]—,\].}\M].;(]Q_ ;z]_ oﬂ TrE1
o g S| RN, T ool w BxAo} 4 EIAE olgale] JekstHoR RN A
o} 2o AzA oA WS u|AEk Wale] Ak B = AF7F A= 5 9], projective invariants
XM1no] 7153l o] ATt o]go] 73l <2 mathematlcal technique®] ~HIEE AR8-8F 491
oy, oh St B sl ele /)5S TE =

g o]#3 YAE FA| &) AEE0) s 219 o] EMAGO package(Oral Diagnostic
Ba] F7) 93-E 1 AAzAC 2 FA SR} 5F Systems, The Netherlands) 2 283} T,
= F IEY Yzr ¥ S3lr) Yol &by, & ?&-ﬂ, Interactive Data Language(IDL)t o Z=s)
oﬂA]_,] Z4 & & _,4;(]9]_ 2o Zhey) Zdsjof x5 o)== 7}els)
g}, 29 A7)} vk TAke] WhabA Aldle] Eel :ﬂ%ﬁ@iﬁﬁqzilﬂoﬁﬁgﬂjmmmc
% s} SIS U AL ) QAYY I O QoI ABTAYE AW N
ol fr5AolaL, BE A Fgele] 2mtserl R SlE /IOIR GEA ST o] o= 1977

o] 9T wEtiska st A An ] AP o7 ATEAS



W 7}8k2}9] David Sternd]] ¢]84] THEo RlE=T] 1
FEo| 7|9 T dojEt} ¢ 41

w27 S Z20Ys HEIL, HoHE 24, 74
371 $18k AojE Ha 2 ke AS Aea, 18
o] Wi TR IS L E3}A| YaL Arg S8
2OS A2 20, MEAE &S IDLY
prototypes TFEUTPY, 15 IDLE 33k}, A|7-2}
apEo) oJaf de o] 8- oA gkaL, of 8} Hofol|A]
T Wo| &1L glomx. ) tigke] Hlo|HE Fw
3}al, Unix, Window, Macintosh, Linuxs & 7}4]
T 7 AFEHA =" AN o &-8-7}5 (cross-
platform) gk 10 = A = STp,

ole] £ A7+ HlaA HHaL, wWhE AZtel T2
S & 4 e IDL Ao E 0] &3], H|EF3
HALA ARRLe] s BAEL, GA-S 7]51EHE
O 2 AP AZ F FASHE Z2AHE A 2slaL,
o] 2o 2 FASH AHE V|AH o= 1A}
of Fogst FF3F AR ARRIC R FAS A 2
= 3 7jesk BAE shs 48 =29kl
Emago Z 271310 2 e sl Ao} v]ulasto] f-8-
A& IS 540 2 33tk

= 5 C—=

L

R

1. ?_1 HI 54

-

o Hd
1. == 3 Jlsistd 28 Z=2O39
H =

]

v

WA 315k Fokg vole Az Zead ool

Gray level 1 2 3 4
P(@) 16 16 16 16
S(k) 16 32 48 64

1
[ |
T(m) 1 8 29 63
Q) 1 7 21 34

IDL(Interactive Data Language, Research systems,
Inc. , US.A)E ol&sto] iz % 7]8kshs] BAY
=29 AR,

(1 H== 28 2l

%% HAL Ruttimann 590 o3& A|¢te
"robust digital contrast correction method"E ©]-88}
el T delE ghekskA Avshd vt 2ot
(Fig.1). 8T Alz=e] s £ reference
histogram, & Z+ Al 2= H 2 3}4 $7} 16(pi = 16 )
7120 H& WARIARRLS 3 Fge] AR
AR 7kt & & 7R3 BAb Al WA & S pi
O EAHZ SS=16,2=16+16=32,S3=32 +
16 = 48% 2t} g2 A9 W sl =2 A H o
339] histogram o[#), 7L 91] & Tme 4] ] %
A FOR Ti=1,Tr=1+7=8T3=8+21=29
So] "} ouf $1 =16 ( T3 = 29 < S= 320| L&
g-histogram &) A& M AZE 1,2, 3& AZE 12
Agksh, AR T 49 AL S5=48 ( Ti =63 < S¢=
647} JE 2 AZE 302 vy, g-histogram 9
U] AZEE 22 1240 2 HIAA tRxEs
BA3I} o] Yald] 9A3}e] IDL & procedureS
TR Fig 2 3AIE 3 4] 93T dxes
710l H= Gl stao] EAR ARIS HoE

o}

(@) T[oters 2

IDL package Wjol £¢] 31 geometric warping

5 6 7 8
16 16 16 16
80 96 112 128

99 120 127 128

36 21 7 1

Fig 1. Principle of histogram modification for images with 8 gray levels
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Fig 2. Image pairs(lower left and right) and contrast-corrected image(upper right), using the procedure written with IDL
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Fig 3, Image pairs(lower left and right), geometric-corrected image(upper left) and subtracted image(upper right)
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Fig 4. Image pair(A,B) of non-standardized fims and subtracted image(C) in F group

Fig 5, Image pair(A,B) of standardized fims and subtracted image(C) in S group
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Fig 8, Image pair(A,B) of non-standardized films and subtracted image(C) in IC-IG group
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Table 1, Raw data of standard deviations of gray values of subtracted images in each group

S group F group EC-EG group EC-EG group ICIG group

1 4,12 7.79 7.40 4,93 3.54
2 4.15 10.11 6.90 7.61 4.23
3 3.58 6.13 8.10 7.38 3.73
4 318 8.25 11,52 5.98 491
5 2.89 4.68 7.00 5.49 3.46
6 4,39 473 8.67 7.65 3.78
7 2.40 7.30 7.94 4.88 3.99
8 3.56 8.95 0.75 3.43 3.17
9 3.72 8.29 13.36 8.96 5.27
10 3.16 10.64 5.75 3.21 3.74
11 4.98 12,02 9.16 6.83 3.97
12 3.63 8.13 0.52 5.54 3.37
13 3.35 9.65 0.82 5.20 3.09
14 2,94 7.15 11.62 7.27 4.62
15 4,50 5.06 7.26 7.68 4,53
16 3.33 8.37 6.42 4.77 2,90
17 2.88 5.29 5.71 7.45 3.05
18 4.74 6.29 8.39 4.45 2.29
19 3.80 5.96 5.00 5.71 4,33
20 3.31 7.89 0.26 7.69 3.17
21 2.47 11.49 11.17 8.21 5.32
22 2.79 8.21 8.24 4.76 3.34
23 3.72 7.10 5.40 7.46 2.45
24 241 8.62 0.14 5.00 3,50
25 2,82 7.10 6.45 5.65 3.38
26 3.33 11,14 7.33 5.57 5.81
27 3.67 11.55 11.31 11.38 6.44
28 3.07 10.20 10.96 451 4,52
29 2.74 11.38 7.33 7.96 3.19
30 2.86 7.88 0.66 7.54 2,96
31 3.21 7.80 9.55 8.30 4.19
32 3.05 8.18 7.95 7.50 3.58
mean 3.40 8.23 7.97 0.44 3.87
sd 0.66 2.07 2.10 1.77 0.95
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Table 2, Resullts of paired multtiple comparison test(Student-Newman-Keuls method) among each groups

S group F group

EC-EG group

EC-IG group ICIG group

ool

S group

F group
EC-EG group
EC-IG group
IC-IG group
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* : Statistically significant(P<0.05)
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- Abstract -

Contrast and geometric correction of non-standardized radiographs in
digital subtraction radiography

Eun-Kyung Kim
Dept of Oral and Maxillofacial Radiology, School of Dentistry, Dankook University

The purposes of this study were to develop the computer program for the contrast and geometric cotrection
in digital subtration radiography with the IDL(Interactive Data Language) and compare the results with this
program for the correction of the non-standardized radiographs to those of standardized radiographs and those
with "Emago" software, the commercial program for the correction. The procedures were written for the
contrast correction and subtraction with the geometric correction, using IDL, 32 pairs of periapical radiographs
of premolar and molar portion of two dry human mandibles were taken at two different occasions with XCP
film holder(non-standardized films) and another 32 pairs with customized XCP film holder(standardized films).
Subtraction of standardized film pairs was performed. Subtraction after the contrast and geometric correction of
non-standardized films was performed using the newly developed program and Emago software, Standard
deviations of grey levels of the subtracted images by the newly developed program were compared with those
of the standardized group and Emago-corrected group. Standard deviations of grey levels of new program-
corrected group were much smaller than those of the Emago-corrected group(p0.001) and slightly larger than
those of standardized group(p<0.05). However, the difference was very minute, This study indicates that the
newly developed program written with IDL may substitute the mechanical standardization for digital

subtraction radiography.

key words : digital subtraction, geometric correction, contrast correction
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