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Versteeg $'7¢ A42AGIM e gz
= 999 AREE d4e TA(texture)dl] o
A gatedn st Agdes AL o
259 ZA T R wHY gz2E 23 7
Hol Bl F7tete 24 &ALd oA 7
2% & Ao 3HBR o] AFE A T
T4 2% 27 go ane d7stns
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o] A9 AL MY P HHNYYRE F7
o] Gare] T4, WY AeAYe By HeT
dAstd As5FAGY] Ag AgA o] Aoht
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0. 7Nz 3 W

TE 9 Z(E-speed film No. 2, Kodak)& U
WAL &9 7191 YOSHIDAAS] REX602% o] &
ste] B =460 kVp, 09 sec, 10 mA)3stol
A H3P&g 7172 PRECISIONS o] &3} 3
FHY S AlPstdon 54 718ety A9
AAzANA 281EYstd 2AFHAA71(DURR
DENTAL)9A &73= et

Student

FEStuA e $2E 247 9 A9
Az 9 JYFAR9 = 439

Zt ¥E&2 Nikon 35mm film scanner(LS-
3510AF)o <J8iA 1312 x 1024 pixel x 8 bit
depth matrix 38l 2 tix9 3% 2} Scanners
Macintosh LC III computer(Apple Computer,
Charlotte, N.C)¢} 47| gict, o] A3 A7}
A & 94 74X (plain, bone, enamel)2] G4
o] AojH 1 Z} Y42 Image 1.61(NIH Rese-
arch Services Branch, Bethesda, Md.)8] Z21
P o] &3t A HA ¥ AFFALAY
(regular subtraction; regular)®} AFdz=Z
Z(linear contrast enhancement; equalized) 2
¥) A& o) 2= 27} Hnonlinear or logarithmic co-
ntrast enhancement; LCE)o] o] &0 At}

Hao dAge dutdo g AlLH e AAFHQ
W, & A o] 83 L A7 4474
o Y% 2719 TIHEE Ze YA &
7Fest7] W&ol AHEE 4 U Wiae At
2 2719, 16, 258t4)9 M7HA F3=(F3E
# 5, 10, 1598 A838ld 25 979 HAE ¥
gt WAV de 94 olel HAavl gl o

3 INE HEAL °lE A AP Z udE o

Expert
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B Enanel

regular LCE equalized
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Fig. 1. Comparison of the three textures: plain, bone and enamel
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Fig. 2. Comparison of students to experts
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§ 0.6 } regular
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Fig. 3. Comparison of the three images: regular, LCE and equalized
ZE 574¢ BN AZE 9T VBN B 7 AN 4€ w29 438 BUsAG
g 25 547he] G4 DEUT oA gao AL 4 942 2UHE B4 2
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Be A3l 1097 Agol Mimd He B4 w1 Pavh A gk, 23 vk e
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o}, 53 W Aart 48] i) HIslEE 3k
o 12 9 38 & F3td ST L2 49
5% gl ATz FE3 5 Ao o
2} v 7}A] decision matrix € True Positive(TP),
True Negative(TN), False Positive (FP), False
Negative(FN)2 ##3l912™ Bayes's ruled|
2] A8t predictive valueE 73ttt ROCEA
A& A 4sle] ROCFA-E ¥ nonpara-
metric Wilcoxon statistic®. 2 ROC areaE A&
S cps e,

m. H37NH

Texturedt F& FFol =& A AE7te

decision matrix®] ¥ & ulgoz 3o A
A Z(TP ratio)9t 5] %(TN ratio) &< 43
7}A] 8] o] Table 19 Vel ok, tiaH oz
AE7te U7A=e Solxrt FPEY 2 A
o2 Yoy d¥dzeFddMe vl&ol
sl 2 Jelde 4$= AT

G FHol BE vudre ZE A5
A AP 2= T2 AT Bolx BF
oA GAAESIA] ¢ J43 AP z2e5%
FAETG #A et} Textured] @& W3
L9} Eolx e EA7I ZAH A &L plain tex-
turedl A 744 =& A o2 YT 53 plain
texturedl Al A-E7ke] G4A s <tE 943
H4 2 AERY APU2=FE JFAME

Table 1. A set of diagnosis characterized by propotions derived from the decision matrix

TP ratio TN ratio FP ratio FN ratio PP.V. N.P.V.
TP/TP+EN | TN/TN+FP | FP/FP+TN | FN/FN+TP | TP/TP+FP | TN/TN+FN
st 0.844 0.900 0.100 0.156 0.84 0.853
ex 0.989 1.000 0.000 0.011 1.000 0.989
st 0911 0.922 0.078 0.089 0.921 0.902
Pla]n mE O ST NSRRI — OSSN OO
ex 0.939 0.9%9 0.011 0.011 0.989 0.9%9
st 0.878 1.000 0.000 0.122 1.000 0.891
equalized
ex 0.989 1.000 0.000 0.011 0.989 0.939
st 0.411 0.756 0.244 0.589 0.627 0.562
ex 0.567 0.889 0111 0433 0.836 0672
st 0.611 0.700 0.300 0.389 0671 0.643
Bone LCE
ex 0.833 0.778 0.222 0.167 0.789 0.824
st 0.433 0.744 0.256 0.567 0.629 0.568
ex 0.422 0.689 0311 0578 0.576 054
st 0.378 0.767 0.233 0.622 0618 0.552
ex 0.567 0.844 0.156 0433 0.785 0.661
st 0.489 0.589 0.411 0.511 0.543 0.535
Enamel 1.CE

ex 0.611 0.878 0.122 0.389 0.833 0.693
st| 0300 0.667 0333 0.700 0574 0488
ex 0.278 0.822 0.178 0.722 0.610 0532
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Table 2. ROC areas of 10 students and 10 experts for regular, LCE and equalized subtraction images

of all three textures.

\% regular(R) LCE(L) equalized(E)
texture
value 0.8865(0.0212)™* 0.9127(0.0244) 0.9431(0.0200)*
student
DBG R/L/E/R
Plain
value 0.9943(0.0066) 0.9999(0.0001) 0.9999(0.0001)
expert
DBG R/LER
value 0.5683(0.0432)* 0.6691(0.0408)" 0.5972(0.0430)*
student
DBG L/RE/L
Bone
value 0.7628(0.0363) 0.8635(0.0262) 0.5480(0.0434)
expert
DBG R/L/E/R
value 0.5956(0.0422)* 0.7322(0.0493) 0.5312(0.0422)
student
DBG R/L/ER
Enamel
value 0.7748(0.0354) 0.8035(0.0330) 0.5317(0.0432)
expert
DBG R/L/E/R

* : mean (standard error)

? : significantly different between values of students and experts at 0.05 level

DBG : difference between groups

! 7

. not significantly different between neighboring values at 0.05 level

"/ ' : significantly different between neighboring values at 0.05 level

& 1S Jehdo,

ROCHA o A&t 2 73¢9 gk Table 29 1}
Elt 3lth. Enamel textured| A AU zES%
4L Adstae ZE A $olM ROCHA o)
AT A&7l feljt 2ol E et
(p<0.05). TextureFHE EFsl2 H|HF 2=
F 9394 718 & ROCHA S Jehyct
Plain textured| A 8419 7% regular, LCE ¥
equalized F/dAtoldle 242 A2 {3 o]
2 EXNou(p<00b) A&7 2§ LCES
equalized F/gAtold M= F2 8 Aeo)7t gt
(p>0.05). Bone texture®] 2% AE7IolM & Al
7 B4 BFA M2 2tz fod Aol B
o (p<0.05) st 9] 9ol & regular®} equ-
alized F/&ell A& #2 3 2] 7} A ATHp>0.05).

Enamel texture?] 7Z-$-ole 4 2 AE7}A
A7 43 25 M2 744 {93 Aozl A
H(p<0.05).

V. && 3 1ot
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A ol folZirk HRAA7} 1279 HzE B
Aol 127% ot HAZ ol YW oz
e kA 9o WA 4 Ao AR
Poissond&-2.8 @21 XHe] ol44dl o
@ Rolm BAE BB BFRAZY TP
3 @327l 490l 8 & Y2 AAE AR
2 AL AN BRHY A3 BAHE

24 Et 794 ggoln iAoz o
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ARRAA S o3 A2 9942 5 2s
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color enhancementg 53t} A2 Ax2F ¥A
£ #A 1 A9 F718 AEE gl 9X
BEaE4Y9 F7HE BadAth 2 Fof Ver-
steeg S2& ASFAAL AU 2ESY
(nonlinear or logarithmic contrast enhance-
ment) 2N BEFY FFZ Hatd FFA st
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59 F4E A E2E Husigd. o2
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Ho B TR BolxE FTEANA FEAZS}
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%7 (linear contrast enhancement or equali-
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o APR2EFTE UL CTdAM 39 &
ZAd3e AR vlg AR E dS F ded v
A CTAA Azx3-E #&37] A3 €43 v]&
st} o] WYL 4F I Yz 3 ol3le &
Ho g Zoulgln FL AAHe 71€7]d
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- ABSTRACT-

NONLINEAR CONTRAST ENHANCEMENT ON SUBTRACTION IMAGES

Keon-li Lee, Yeun-Hwa Jin

Department of Oral & Maxillofacial Radiology, College of Dentistry, Wonkwang University

This study was performed to demonstrate the effect of linear or nonlinear contrast enhancement on subtraction
images. Three different textures were radiograped on dental film. The first radiograph was taken without the presence
of an object. the second, which showed trabucular bone, was taken of the molar area of a human. the third radiograph
was taken of the coronal part of molars. Each film was digitized into a 1312 x 1024 pixel x 8 bit depth matrix by
means of a Nikon 35 mm film scanner(LS-3510AF, Japan) with fixed gain and internal dark current correction to
maintain constant illumination. The scanner was interfaced to a Macintosh LC II computer(Apple Computer,
Charlotte, N.C.). This resulted in three pairs of images, including different textures-plain, bone and enamel. Digital
regular, linearly and nonlinearly enhanced subtraction was performed. Computer software was used to simulate lesions
in the shape of a 2D-Gaussian curve on each of a pair of images. The each subtraction images were presented in

a random sequence to two groups of 10 observers(students and dentists). ROC analysis was used to compare observer
performance.

The following results were obtained ;
1. All of LCE subtraction, equalized subtraction and regular subtraction images of plain texture were diagnosed the
best by far.

2. The data revealed a siginificant LCE effect in both the student group and the expert group.
3. Clinical expertise was a helphul factor for the observers in this study.
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