2] = -
ddHo =2 A3V
. o
FEA 2 AN
LIgusal
= At
I.4 &
I 4+A8 9
I A4 4
V. 22 2 gk
V. d £
EANIR ]
JE 22
I.A4 B
Ao F1} T wkAbg WALY 2839 2
HAM G ol EINEE AT Z WEA
A dAgdgez AP O eaAg
F&2l g ol Videodensitometry' & TR
g9de FIEE 32 (picture elements) ]
31t Al 2= (average gray level) 2 UER A "o}

Videodensitometry ol A+ XXAMzl9] ¢1&
ofgZII-TIAEHE U gAY TS0
AFEE Aod s, XHARAS AZE
A7) Ysld s 29 EE Bt QA
A77F 2 o] Y. Yutzgog Asy9g)
H T @ AR 713l = XAAR B8l ne} 915
9] Zole gloy, 2AUE A8 AL tx
234 HFo] FAHT YRR Fx

—mE 77
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ideodensitometere] TR &
A AL #I A

WolA| B2, £RFAHAS 57} 5257491 Hl o)
oAHHE QEFA AgHE Rol AAA
olil &z9 I HdE kgeo] Eodu &
A Ao,

TE3 Videodensitometry® & A
B2 AolHozZ fXggie]
=] zEo] 7beata, XA o
S HHEY #F°, T2
Fe FEHGA BAo] rhesine. 2
Fo BHOE FHHA Pyozt 24Py
R I EEE T
o 2+ Compton scattering technique, neutron
activation analysis, single photon absorptiometry,
dual photon absorptiometry, quantitative compu-
ted tomography, videodensitometry® S74V0]
o] g5 glov} o]F Videodensitometry's &
ey EAF HgnA FFEA] FAld)
7Fed SIS TG, Aol AF, (2F o
ofekd WY Xd, Ao}AxA e £r)FF
Fo| 274, AobT 2o 3AAH A GAA TS
W BE Bjdolu ¥ zdAuas
HAg@dsste o9 mA7zd 71%s
H7t8k7] 93t Videodensitometry's o] 43
o] &H L AT, Videodensitometry'd& gt
olvt TF AFAA EFol o] 837 Yl
Me XA Y A8 3 gAggaAzal b
e A3E A A3 e d8A7)E FAo

N o
N N,
2



A dAdE 5 e AR, 49FA Y
Z5H, 349 #3A4Y, slay A7, A"
AR P2 A AYTHWF ol LHH
ojof i,

T3 HopAzF ot ZHo] Ao o] f
=& Videodensitometry® ol A& Aluminum3 3
AE XHNEE FHAAA de XA GAA
o]£9] W3S Aluminum SV E A3l
Z2A8A H22 Aluminum $7H2 3ol A
257t ol89 &R Be AFS vAA
o,

ol el Mg ATRIE EUE 39 A
e oA XA Id, S
2% A9 A EESY] 4= B
A9l 715 G n|FRFe] Pt o] g2 F
1+, Videodensitometer® A P2 02 A &}3}L,
Videodensitometry'H 2] TA S 4AHAF
7+ # % 3} (spatial smoothing) & Al shed 242}
ol O g G3L Hristgon, Wad, oA,
%29 Aluminum 57HXE A&t X7
FolA S€E £ e 2AE A B
ATE ANPso thh 99 e AL 2N
Jol ol& B3 ulojth

\J

=]

1] didd
=

(=3~ ]

II. AFRZ

D XAy 2 84
IAAAE 2T F47F L JA Az
Folon, FHAXI) BYHES YT
B2 oladgg oz ASstd nFAE
0E o, 14192 FA 71 2mQ] 104 2] Alu-
minum step wedget ¥E-F%717(Rinn Co, U.
S.A)E aAFA FAANA HPPo g #YPs}
At ®=3 23 < EF(Ektaspeed EP-21, Kodak
Co, U. S. A)el AZHHES Flexomatic 90(S.
S. White Co,, U. S. A)XAEAAAE o] &3l
70kVp, 48impulse®] Ao 2 #9G3I%L, o
DENT-X9000(AFP imaging Co, U. S. A) A%
72 Aty on], @42dL2 806°F, 45
B oAgd @442 Konica® 4 (Konica Co.,
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Japan) o] 21t}

2) gAggIA A 2H

ORggdAzd A8 HAFHE IBM-PC/
16bit-AT SE7|F 224, 512X480¢] &=
649719 AZEE A Ydte AN EYH(Mu-
Itisync 3D, NEC, Japan)$} VGA board(Optim:
MEGA, ARA Int. Co., Korea) & AFE3IH T %3
12V, 100watte] €22 dxg Fgog
#A=RE  AFIIon, JHAUIAM EFE
NTSCH4l9]  H]t] @ A}z 7]1(CCD-TR55,  Sony
Co, Japan) & ©]&3le XAAA S #Y9eda,
oju ArAFe AAS HuFer WA 9
sto] XAARH ol 9o 9= Ho] FFHHA F
= E AdEtg o, #Ed, XAA, Bt
A7) k9] YRE AHAA.

o]de] B oz A& XAAIZIY By R4
& 512X4809] A=} 256EAY AXEE
A P3te FdLE R Sylvia Image Capture
Board(Jovian Logic Co, U. S. A)9} o] & A o]
e T21¥Y Su-Sylva UtilityE ©]-&3h XA
ARE 191 307,216byteS] TIXBASZ ¥
NA AFEHY Bz NAgAA Y AZAAC.
T3 AZEH XA YAEAse] 94 A
T3 #4199 (region of interest)o] 3T
Z3d e CUolz FA4ddE =239 XIVITIE
o] g goem, A A(region of interest)<]
238 A3 H3td, RUHC AdE
gdAggdey arg 228 F+ de FAHA
o) #4993 79 A4 9 Y (horizontal region
of interest) & T3 FAFGuUol X5
E 3459 HFAZREE 9438 2L AL,
AL 2558 Aote FAYH T3 E 00
A 255 Atolel 256@A9] AxER FHAUT
(Fig. 1, Fig. 2).

o

N rir e

Ho ok 1

2.

A
1D AF39 o #(low pass filtering) &} 153
oo 2} (high pass filtering) &2 TiA &%
o] ¥

XAAR & olg 22—t ASHEA|A =Y



r Video Source [L—

1 File Write Print Out

Data Output

Sylvia Image A-D CONVERT
Capture Board

SU-Sylvia Program XIV/IT]

Real-Time

Image Display

Display

File Read

Monitor

Fig. 1. Schematic diagram showing the digital imaging process in system for the quantitative videodensi-

tometric analysis.

A : region of display of digitized image

B : location of horizontal line indicated at region E
C . region of menu and error message

D : region of directory list, magnified image, and data of aluminum equivalent value
E : region of graph of horizontal gray level
F : region of main menu

Fig. 2. Screen of monitor operating under XIV/TJ software and ilustration of individual regions.

230 AZE o, A stae F9 80
2SS9 71587 A (weighting average)Z 3
&= 37+ % sh(spatial smoothing) Z #1539
A7 (low pass filtering) ¢} 3153 o #(high
pass filtering) & AFEG] ¢HE sUTAZ
A stg et E3 Aluminum step wedgeZ AT
99 AzxEg F%%4 %99 (horizontal region
of interest) &2 &A3sle B TP EZ9} K<
2 BAZA, qFHA Fe yASILH

A F
F1:XRAY FILE: Y7048.V1
F9:DATA FILE: Y7048

POS: 3, 3 DENSITY:102
Al:234

F5: LINE,BOX (20 : F6,F7)

F8: MAGNIFY x13

DARKER <F2-F3-F4> BRIGHTER
AL/GRAY [Mlode, [Glet Data
[ENTER] data, {DJir [QJuit

c

0.1:0.1(0.1 -1)-1]-1
0.1{0.2(0.1 -1 8|-1
0.1[0.1}0.1 -11-14-1

Fig. 3. Factor values of the low pass filtering (a) and

A %3}

high pass fitering (o) for the spatial smoo-
thing.

dofstst nFRgdse GARITE

vl H7Hskd o (Fig. 3).
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2) Aluminum step wedge?] 7|9} Aluminum
T7Hx1 9o A

XAAR Y YAE RG4S BUEY slH g
29X Fo vojetstdS AMF3 Alumi-
num step wedge®] 2 Ao} AxT o 48-He
Aluminum77# 8] X E 0014 999991 A
T2 JEAHT 3 49 AluminumFA S
7122 3t QoA 2557HA 9] AT P
5 Aluminum $7HXE A4tste WHE g o)
ES A% v, UAE Rl Aluminum
step wedge®] 7} Aol AL o] FA4g oL
dAs AZXEE 103 2A3HL, o] AxE
o 4&HE Aluminum 5749 Aluminum ¥

Age ZaBAE AT

3) AAUFA, Hold, AxF
S7HA

gRggAdol Al Aluminum step wedge] Z+

Ade Azxed A$He Aluminum FAE

9] Aluminum

FHAA MBElES TAT b, I ¥
FA gotd, 2T A7 FAAYe ©
A99E A3 AZEE 1038 SH3la, &

A Azxxd ASr]e HF Aluminum F7}
SEERY

4 gAggdde Azxxe Z3ixe FAd
A
Azze Stz FAAAE A 9

ated, 0ol A 2557bA)9) AREE olef 9] Mar-
tin®] WFLRADE o] &3t FFg=(D)E ¥
FAA ol& HE Hristged, o IF3x
A& BA37] $8te] FeE=AQ XRite 331
(X-Rite Co., U. S. A.)2] Photographic step tablet
No. 301-27& BIU QAR Z YJHAA old=
d-gAei Az F o EgdolM B
A 53 % 3039 FeHE AXEE A2
3o, i F A5 agte 7 o A
ZE oA 2559 FeHE SI=HAE HA
3ttt
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-2 * Vi
D:
Il S AA ]
Ve(Vor— Vo)
D : density

Voo - maximum gray level(256)

Vo minimal gray level(1)

V; . gray level of region of interest
a . constant

m, oA7MA

1. MFatAo{2(low pass filtering)2t IF
Ao t(high pass filtering) 2| CIX|E
Hatel dHlm

XA E oldz2a-grgddid de
HAggde AFgddae aFgdens
AFEA g d It 2 A st 74zt
UAgg4E vl 7k 43, oJ5az) ge
HAggdel = Aluminum step wedgeAl©
H9 BT AL gz #F
RAort AFodoans 3 gRgGFAAE
Aluminum step wedgeA™ 91 £33 A

257} B2 E3EQT, 153YdRE A7)
AgolE A AR ZFaRst 90,

53] stetaS Azt A dAA2 3 A2 A o
BAFH7E FRe] S 2o #FHAY
(Fig. 4).

2. Aluminum step wedge2| 72t Alumi-
num S7tXILte] ARITEA|

XA S X ghgadell A Aluminum step we-
dge®] AAGANAN A7ADA 7 A FA
e AxEE 108 A3 oo FSH=
Aluminum 7} 2 #4138t Aluminum step
wedge®] F719} Aluminum $7+2)7He) F A3
AN E A4S A7 r=09997(p<0.00D) 2
LA FAAAT AFHNeH, A3 A
Y=0969X+0456°10 2 Fdat= 15%°I3
t}.(Table 2, Fig. 5).



AL
3
{

BINIITEINTT

i i NN St A R AN S e

non-filtering
Fig. 4. Digitized image and gray level of the center of aluminum step wedge according to low, high
pass fitering, and non-filtering image.

Table. 2. Comparison between aluminum equivalent
values(Y) and thickness of aluminum step

X
No. of aluminum thickness
aluminum equivalent of aluminum Y/X
step value(Y) stepX)
1 201 2.01 1.00
2 4,15 4.00 1.04
3 6.17 6.00 1.03
4 8.24 7.90 1.04
5 9.85 9.80 101
6 1225 11.85 1.03
7 14.14 13.70 1.03
Mean 1.03
SD 0.015
SE 0.0057
r 0.9997

Thickness of aluminum steps{mm)

Fig. b. Regression analys:s of aluminum equivalent
value to thickness of aluminum step wedge.
The regression line is described by Y=0962
X+0.456.

low pass filtering ~
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high pass filtering

Table. 3. Aluminum equivalent value(mm) of the ena-
mel, dentin, and alveolar bone

Enamel Dentin Alveolar
bone
1 15.60 12.38 10.35
2 15.60 1243 10.35
3 1550 1243 10.35
4 15.50 1243 10.35
5 1540 1243 1040
6 1540 1248 10.35
7 1530 1248 10.25
8 15.30 1253 10.25
9 15.20 1258 10.25
10 1520 12.62 10.20
Mean 1541 1248 10.35
SD 0.14 0.08 0.07

208!, X ZZ2 Aluminum

—t-Ho =,
S
XS ORI gAEF TN
Aluminum step wedge® 7} AlThe] A ZLof
425 Aluminum FAE Q8 dte] Wgheo]
2 A3 gL, Aol F AuETED
Aotd, N zF AZEE 103 FH3ld Hd

A& &5k Aluminum S7FX 2 B4 2
Herdo) i541mm, AFobao] 1248mm,
10.35mmo] At} (Table 3).
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140+
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Diffuse density
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Fig. 6. Relationship between gray level and diffuse
density, as experimentally determined using
photographic step tablet No. 301-27.

4. CIXIEQIALS] AT XMAR
ApA

—

B3izel

239 AzxEXe T3z JadAE 4
AFEE7] 3k ool A 2557141 9] AlZ % & Photo-
graphic step tablet No. 301-27¢] 33l% 303&
HANEXZ 39 2% AT A5 agt2 -0
04688010018, 0ol A 2559] Alzxxe 4S5
3z HYE F3x 104 497X 0|3t}
(Fig. 6).

V. &2 H 1ot

Videodensitometry X439 A&# 944,
ofgd 2 —-uXeF A A, tAEP
Aol ATATe dHY HAHog o]FojFth
o]% XAMAte AEAX 2w XAA, AFHG
238949 A2V, AoV Sol AHEEHL
Qo2 Fyjita® ¥ XAALZlo] =t &
3, Fgo) Aol XA A& Lol &3
HlA23 889 xFUXAARe] 23d¥ 9 7
oA R st 43T B
& uk ok ®=3 YA ZE v T AL,
gol A2y, E£eolm 2y, EF 251 Fol
o] &5 £, Hildebolt5¥E BT eA7)e) ¥
st 277 AR AR5 JoHE $
FatA g XAAK Y Z3ng AzxzE HE
A7 edos & zolrt glorng XZ2F 44
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Ax 2 AzA A AE Hrld ZF 3
&o] 7b53tta st Brody's &AVE X
AARS JEAZ o dAsE dAEPE
ok wt) Az 7)o H]Ble] gufjo] o] HER
gggRe el TAZ 2 4 dda 3
fon, XANAS 22 4EAZ W XA
ARG dF g A7t thete] Sommers?&
2% Kalender$®< 20% 2t R 1341, Sma-
thers¢} Brody®t BT QAMZ7]IZ2 512X512 3
Az gAgILS gAgu e E
2% /3027 28803 3o £ dFeA
£ AEFAE Fujitas 2l A =7t
st Hug #3E EFY XZUXHAR
ol &3t o, ol G2 It g WA 7ol
3, 27 Biste] spAe] AA s XA}
13 529 e YgAte] £85E HHL
A8 YHEFXZ o] &3ATH

£3 oI -gAGEse opd2aME
£ olg 21—t A& 2] (analog to digital co-
nverter : ADC)E AHE3st] HFE A 240
7453 TAEAEE ABATE AR ot
2a-gAgH @y o3te gAg gt )
et fFA=sF AFHP,

FH A IANL EHLE 7|0 R d&
a0 Hgorw FAHE FAolnE PA"E
FAA P MEH2Y Ao o]FoA et
Voo RggAA e e ze 7 @EtE
34 (weighting factor) o) & 7}7<5 A (addition
subtraction multiplication division), ™% 7 (co-
ntrast enhancement), ¥ 7F¥H % 3} (spatial smoo-
thing), %3] A (image rotation), 3}4=©]-5 (pixel
translation) 5¢] Yo, o] & WzZ4#H FT
HHG st Mg EREFHoln dedt ddAE B
How A o,

A A day AHE 7h¢
Bas AR, F 97l Ao 71FH T (wei-
ghting average) & T3 RoZ, @& AFqd
2o NS FEANIN L L AFFE4
AZREASE 2N AFRF9FH(ow
pass filtering) & o9} W2 & A4}
AsRFEE FEANIe 1539 HFH(high
pass filtering) 7t ATH. AFHG AT A=

o @ oo A



(+)9 715&57t AHgER, 21549 o
10] =Hojop At nF g N (+),
(=) 7t3857t AHEE 71580 Fol
0°] = ojo} 3t} Smathers$} Brody”, Brody’ =
AF g FHA = A FA A RS (random
statistical noise)o] ZAHRTH AR T
(blurred edge) o] A =, 3153t H o Aol &
AAREe] 57 (edge enhancement)©] dojdct
I R13tE3, Kalenders®e TFAYo =
Z9d XA L AL S 209
Al7IE XAARRY] S E BEEE RAE
AT FFL B 7N AFHGoRE
A%k A3}, Aluminum step wedge?] AleH7te]
AREZE & 3oy, 1FHHAqHE
Al gt ol = Aldite] AHRe 73 a7}
HRHJL, 53] tFSA 20 TR ] AAA|
o3 X2 A9 BARS 7L F3o] FAHA
XAAY Estey Q22 g Hrtsted
+ Aluminum, Aluminum alloy, Ivory, Hydroxya-
patite5-°] =) (penetrometer) 2 ©] 45 =d)
#® o]F Aluminume =9 Yo} XM ZFoFA S
7 fFASELL, oxot @A, YA 2
Aol Qo] F2EHR F2 Fo] ALLH
®, Kalebo®} Strid?w &9 3EZFZFH Alumi-
num$ 7] kel W] H A FAV o, A
A7 15% olUTAL Ragh uh glof, B A7
o] M= Aluminum step wedge 2] 14| kol A |7
A7 zZ+ A FARAE Az 14
2&H ¥ Aluminum F7HX 2 32l Alumi-
num step wedgeTA%He] FHABAE A3 A
402 Hriet Ad, r=09997(P<000D) =
DA AAAAV AHEHAL, FHLAE 15
%ol metA B dAFoA AgFow )
¥ VideodensitometerE ©]-€3$F Aluminum 5
7)ol b w g AT w3 FFoUT
A EY, oY 2EAR # % (microradiogra-
phy) 5& ©] &% A S G 57148
FEHAE AHEE F Antal FHEA
3 Updegrave® < Az 2o AZFHE Alu-
minum & 7+& & 0.5~35mo] 3L X FF-E 4~10
m} 3P 3, Wuehrmann® Monacell® =
Aluminum F7}x]7} 10mmo] ol 74z 27} 3
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AF BT o b Qled, ¥ 97
M= 4 W, dotd 2 (229 Alumi-
num 57HXE S48 21 HF o] 1541m,
Aoldo] 1248mm, X)2Fo] 10.35mmo] Yk, o] &
gt A7+ Wuehrmann® Monacelli®e] 93 B
I8T FAFeH T

T3 2 Aol A ALL-9 Videodensitometer)
0~255 AZZ & Martin®] 5 4AAPE o] &
3t St 2 HIAA WAL - Frpek A, 0~
2559 Alzx e A-SEHE F3txe] HYe 1~4.
92X, Ohkis*o] A}&3t Videodensitometer?]
3= 0~49 FAHEE AT Thunthy 5%
o] AH&3 FFrAY 05~302tE 1 &
A Hol B HDd Zaxo ZHo
Ned Aoz By

ool Al AHE upelito] tIX &P A 2o
9] 3k Videodensitometrys & XJo}o} o+F ¥ 5h¢]
A=A {oFgoz fgFdo) @3 At
S AT & glo] AFoALe] XA HE

FAANZE £ Jong AFYAFEotd T
g A=A, B} 943 o}
AMgeta qAgRHE
TARE A5 9%
Rog2 AlgHT,

P

rhu

VideodensitometerS A@ &0 2 A&sld o
AGF3AEEH ol IFH F84L Hot
oA 2 ATE AlYst

2 Ao AH8-E HFE = IBM-PC/16bit-AT
S871F)A 1, 512X4809) A= 64TA
AZEE A8 AAMEYE (Multisyne 3D,
NEC, Japan)$} ¥]t] A} 71(CCD-TR55, Sony
Co, Japan)& AR&at Yot obdz1—txehd
2712+ Sylvia Image Capture Board(Jovian Io-
gic Co, U. S. A)E |83l x, JAgNZE
OAgGFdez AFgste XHARY E3e
g 256919 AlZER SA3A T 3 A 9
AzsttEg AFddes &t 70kVp, 48im-
pulse®] 2o 2 7@ EF(Ektaspeed EP-21,
Kodak Co, U. 8. A8 X2THES F gl



ojale] gt dAAZE XA
YAE93e AFgdene 130947 E
A7 F ol&S& Hu H7Fe e, Aluminum
57FX 9} Aluminum step wedge F719+9] A3
HAE Hrbska, HFE, dopd, AxE9
Aluminum $7F & A& 3 o T3 2569 A] 9
Azzd 4&5v S35 HYE ZASo O
<3 2 ARE AL

1L AFH9od3E A7l 47, Aluminum step
wedged AT AWESL tha EFshE o
LTI E A7l Bl AGAHEe
AR} dReH, §3] tetE A2+

=)
ARATH AzAA) AARANA Fhol
278 &7 #EHAG.

2. Aluminum step wedge®! 79} Aluminum
7= r=09997(p<0.00D) 2 UH3 A
A7 A=A, A3 A4S Y=0969X+0.
4560190 FUj et 15% 0 At

3. 4A WEAH obd & AxE9 Alumi-
num §7H & Y FF o] 1541mm, Aol o] 1248
mn, X|ZHX)ZFe] 1035mo] KAt

4. 094 2559 AZTo] ASEe I
e B35 194 497124 Bz
Hj3te I SAEH7E WAth

ool ATAAZ 7Fof Videodensitome-
try'l2 XAA R Y Stz el SR XA A
oA} #Zo] o] HH ] B, Aluminum step
wedgesS FXAZ 3t FF/NATIY
HAZZFEN T ©)82 & Aoy FAGFHEG
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—ABSTRACT—

DIGITAL IMAGE PROCESSING AND CLINICAL APPLICATION
OF VIDEODENSITOMETER

Kwan-Soo Park, Sang-Rae Lee

Department of Oral Radiology, College of Dentistry, Kyung Hee University.

The purpose of this study was to propose the utility which was evaluated the digital image processing and clinical
application of the videodensitomery.

The experiments were performed with IBM-PC/16bit-AT compatible, video camera(CCdtr55, Sony Co., Japan), an
color monitor(MultiSync 3D, NEC, Japan) providing the resolution of 512X480 and 64 levels of gray.

Sylvia Image Capture Board for the ADC(analog to digital converter) was used, composed of digitized image from
digital signal and the radiographic density was measured by 256 level of gray.

The periapical radiograph(Ektaspeed EP-21, Kodak Co, U. S. A)) which was radiographed dried human mandible
by exposure condition of 70 kVp and 48 impulses, was used for primary X-ray detector. And them evaluated for
digitzed image by low and high pass filtering, correlations between aluminum equivalent values and the thickness
of aluminum step wedge, aluminum equivalent values of sound enamel, dentin, and alveolar bone, the range of diffuse
density for gray level ranging from 0 to 255.

The obtained results were as follows :

1. The edge between aluminum steps of digitized image were somewhat blurred by low pass filtering, but edge
enhancement could be resulted by high pass filtering. Expecially, edge enhancement between distal root of lower
left 2nd molar and alveolar lamina dura was observed.

2. The correlation between aluminum equivalent values and the thickness of aluminum step wedge was intimated,
yielding the coefficient of correlation r=0.9997(p<<0.001), the regression line was described by Y=0.9699X+ 0456,
and coefficient of variation amounting to 15%.

3. The aluminum equivalent values of sound enamel, dentin, and alvolar bone were 1541mm, 1248mm, 10.35mm,
respectively.

4. The range of diffuse density for gray level ranging from 0 to 255 was wider enough than that of photodenstiometer
to be within the range of 1—49.
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