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1. SNR(Signal to Noise Ratio)
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Table 1. SNR value after LPF Processing

FO-Fn FO-FLP FO-FLP FO-FLP FO-FLP FO-FLP FO-FLP

(1/16x) (1/8x) (1/3=) (1/2=) (2/37) (3/4x)

0.01 3262.715 191,844 417,212 1214.395 2061,604 3221314 3460,988
0.03 chest 354,501 179.569 370.397 768.096 778.686 628.259 459,697
005 133,101 183,439 375.874 583.549 418,860 268,929 180,005
0.01 762.940 15.076 32.213 113.389 269,959 538,014 738.886
0.03 Hand 69.268 14.362 28.364 72.477 101.626 102,766 87.89%6
0.05 31,937 15,234 31.485 80.899 87.541 63.260 43.576
0.01 1999.756 284,987 382.848 1341.916 2206805 2698458 5316.203
003 Knee 199,089 222,632 319,829 498,944 453.190 348 304 260,084
0.05 82,776 271.016 406,989 484.539 291,017 174,139 113,453
0.01 1776.133 78.262 136.277 441,746 1101.940 1801.093 1965.928
003 Pelvis 158,006 70,964 116,900 260,348 322,288 271.657 207.799
0.05 77.360 75.800 127.480 259,325 240,278 159.279 107.107
0.01 1555.360 62.300 105,727 443,152 870.677 1532,440 1795.163
0.03 Skull 127.635 56,001 89,683 234.178 255.358 217.531 168,299
005 64,774 57.757 93.379 213,647 181,763 126,806 87.861

2. PSNR(Peak Signal to Noise Ratio)
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Table 2, PSNR value after LPF Processing

2 Hojy 3l PSNR S Yebd Zlolt}. PSNR(Peak Signal to

Noise Ratio)of|419] Z2¥E EH 999 Random White
NoiseE Z}Z+ 0.01, 0,03, 0,055 %75} noise7l 4
A Z7t F& 7ol PSNR gho| FH-oll4 40, 30, 262
2 HojAr}, FO2 YF4Y, Fnd Yg4ol noise power

FO-Fn FO-ALP FO-FLP FO-FLP FO-FLP FO-FLP FO-FLP

(11167) (1/87) (1/37) (1/2x) (e37) (3/4)

0.01 40,012 27.705 31,080 35.720 38,018 39.956 40,268
003 chest 30.372 27.418 30.563 33.730 33.790 32.857 31.501
005 26,118 27,511 30,626 32.537 31,097 29,172 27.429
0.01 39.944 22.895 26,199 31.665 35.432 38.427 39.805
003 Hand 29,524 22.691 25,647 29,721 31,189 31,238 30,559
005 26,162 22.947 26,100 30.198 30.541 29.130 27.512
0.01 39.961 31,500 32,780 38,229 40.389 41,263 44,206
003 Knee 29,942 30,427 32,001 33.932 33.514 32371 31.102
0.05 26,130 31,281 33,047 33.805 31.591 29.360 27.500
0,01 40,079 26,520 28,929 34.036 38.006 40,140 40,520
0.03 Pelvis 29.571 26,095 28.203 31,740 32,667 31,925 30,761
005 26,470 26.381 28.639 31.723 31.392 29,606 27.883
0,01 40.592 26,618 28,915 35,139 38.072 40.527 41,214
003 Skull 29,733 26,155 28.201 32.369 32.745 32.049 30.934
005 26.787 26.289 28.376 31.970 31.268 29.705 28111




ub 7178 Vol. 30, No. 1, 2007

Table 3, MSE value after LPF, MF Processing

FO-Fn FO-FLP | FO-FLP | FO-FLP | FO-FLP | FO-FLP | FO-FLP | FO-Fmed | FO-Fmed | FO-Fmed
(/6x) | (1/87) | (/37) | (1/27) | @3x) | (3/4n) 33 5%5 ™7
0,01 6485 | 110.289 | 50.714 | 17.423 | 10.263 6.568 6,113 7.105 7.083 7.052
003 chest 59.685 | 117.828 | 57.123 | 27546 | 27.172 | 33.678 | 46.027 8,208 8,078 7.952
0,05 158964 | 115343 | 56291 | 36258 | 50514 | 78.676 | 117.543 8.161 7.778 7.608
0,01 6.587 | 333.865 | 156.006 | 44.321 18.616 9,341 6.801 | 24.063 | 23,082 | 21.852
0.03 Hand 72551 | 349907 | 177.179 | 69.339 | 49451 | 48902 | 57175 | 23.901 | 22777 | 21.572
005 157.354 | 320.888 | 159.616 | 62.120 | 57.407 | 79.442 | 115326 | 23.610 | 22071 | 20,439
0,01 6.561 46,038 34,284 9.777 5.945 4.862 2,469 4,150 3.99 3.813
0.03 Knee 65.902 58.933 41,023 26,296 28,951 37.669 50,446 5.838 5.735 5.722
005 158,504 | 48412 | 32238 | 27.078 | 45.084 | 75.344 | 115.645 8.350 8.090 8,049
0,01 6.385 | 144.907 83.218 25,672 10,292 6.297 5.769 20,127 19.960 19.857
0.03 Pelvis 71774 | 159.808 | 97.012 | 43,560 | 35.188 | 41746 | 54575 | 19,491 19.276 | 19.197
005 146,597 | 149.614 | 88960 | 43732 | 47198 | 71200 | 105882 | 21.855 | 21.623 | 21.468
0.01 5674 | 141661 | 83.475 19.915 | 10.136 5.759 4,916 8,798 8.745 8.677
003 Skul 69.146 | 157.597 98,408 37.687 34.561 40,571 52,440 56.599 56.570 56.401
005 136,252 | 152,803 94,513 41,309 48,555 69.599 | 100.449 57.556 57.468 57.275
0.010] A7t= FO-Fn< noise power 0,019 9§t 3= WHH MSE= Z43$hcH(Fig, 2),

PSNRol2}11 %3 6‘]—ME]-

67F212] cutoff frequency’} T}E filterES H| WP
o] noise power Foll= Algle] cutoff frequency 2/3w
~8/4x7 A7k 5 Bk A glo] ot @ el AWk
WA PSNRo| £& filter AFE UYERJIT)

3. MSE(Mean Square Error)

FHGAoNA 2 d2]9] Random White NoiseZ} 3
7+El AFEollA cutoff frequency®] HIFE Fo| LPF A
ogt AT} MSEL -0]= 00104 6.48, 6|2 0,03
oA 59,68, -o]Z 0.0504 158 9628 #H A},

T3t cutoff frequency 2/3m, 3/4no) A= noise factor
4 0.019014 7FF 2 filter A3 YR SITH

Median Filter kernel size:= 3X3, 5X5, 7X7Z A}
2519 size 27)7F Aol wlebd MSES] gro| o}
A filter A7} o} IS & 4 Yt

4. Cutoff frequencylll (}E Noise level

Cutoff frequency”7} AZol w2} SNR, PSNR2 &7}

wEta eo|2e FATHS o 47t Qloh sy 9
HH o|2AaIH= Hoj

o] webd FHESRee] £4S X

Cutoff frequency ©]Ato

o E3F o)z

Sfet 4= sic
o2l QoiH olzga To| Bao| opah

372 s= —T’—EJ]U} Z]4%t Cutoff frequency?] A1€io]

;

100
+SNR
= PSNR
10 B -+ MSE
E \\\
>
o
| mec
y 1 - —_—
[
2
0.1
/
0.01 ' : '
0 0.5 1 15 2 2.5

Cutoff Frequency

Fg. 2, Noise level with Cutoff frequency



CR XH 9ol BAUS a0l B A7

v. 11 &

CR ¥/doll= noise?t ZF=Elo] 9t} CR Al2”le] 3
=(Noise)©] Fa3%F A2 X-4 FAEEC|H 1 99
Imaging Plate®] £ o] FZ dAo] LA} =
o|=, HRAL o]z, A} o]= Fol gict. ofH
AAE2] noiseA| A= Low Pass Filter E4L 712
Image Processing®]] QJ8jA] BAL d}iL ¢lor} of73)
Qi ol 2ol ZAfaY,

Time domainollA] AJZFE O noise®] AJA AefE et
T % o AuEes wEy + gt AW Be
stk filterE F3F noise P4 U IS Blwsle] £
B3} noise HEZHE FFH /LS AlFSth. Random
White NoiseS #7134 CR G/l 28313 A4 A
= 85 A A, 998, A9 dAE AR

P& Hol" AE ol Holge] gEay 4
dlolele] AT IAolA gl sl A FeHot o]
23t oA e F5oE dEAH Ao dEA
A& TRRAIRE Z2olth. o3t noiseE H|ASHs 7]
o ZE¥ WS Solle 3 A /e B
gy, HwtetEE, 715dE So] UNUAT w2 ATE
o] YEXA FEo AA HHA UL TF-ARE 9]
Aol it Gt nu|gk Holr}, wEkA Noised ¢1€]
2 A7¥5}9] Low Pass Filter®} Median Filter® ®& o]
L3517 Y= @ V)= 3x32 ALt Median Filter
ol 3x3, 5x5, 7x7 Z&35}3.21 SNR, PSNR, MSE
& HnE 3 vn AT HEEoNAMY filter Hs
I AaTE AASILL, HY Yl F8EY IFES
7HAAL AZe] gEg Hinl B4

Median Filter size®+ 3Xx3, 5x5, TX7S AN}
£ kernel sizeo]| wzbA 1 gro] HIES & 4= QU9
ot size 27|17} Aol Wk SNR grol AR RHHE
MSE) gto] HolPe & 5 ek o|AL filter” AT}
7F oS QuiRlitt, ZHANE vud o F83% A
< A G size AA|oA MSEZEE vl & ZA7L
ofld B AFEAE H|I ROIE A AA3|A Fh& v

28] o= H|i:
49 Al BARIS AP ROIS AN H|msie
ol wokoetn @ 2 otk

2 = CR @Al =ol27F 71 Al dis)A
filter® 83le] BT} BT GAL A3x) 3 Aolek
LPFE Z8 A] Median Filter2t}e ©] £& noiseE A

ok

A AT 98 4 Q90 I ZFE cutoff frequency©l
weba] Blws) HobE AL AT M BE &
S 9 SHAT Filter A8 olulAE Akgol
o2 B W= noiser} o= AE AAZ H AR w0l
Aut BeiAE wah oo SAAe) gESol whEEol
& % SItke o] Selolof stk Eat ofd Wepae)

52 Intensityghe WILSRE Holr| whee] gro] tha
M3} & 4= Aok 53] Median FilterS 33 790
O e gho] #38E o Itk LPFE High frequency
noiseZ AA""Valen 2£2& SlhH Median Filters
AA7] YERS Burst Type?| noiseE AAE 4 k=
Zolt}, v AA| o7 FAol HAEE B3l ¥ ZE
g Hgs) Ba? AzEoss 089 o £X ¥ 2
7F vehbes A9E Ut olRe XA &Y 9
et XA o]Qlof] 24 factor7l B HLET o8}t
H] EAult} Post ProcessingolA] filterE A8stn
o] Au| EAT R A3 filterS LI
< 727t Sk AMEE QASHA =it o2 1P
FIMIE Qo] 9= phosphoro]] X—41 A= A] DR(Direct
Radiography)¥H= T27] hole pair2 A% Q1A1&}7] ¢
Av o8 74 &9 factoro] et noise(Quantum
mottle)7t THEA A7|A =X d=rt 58 ¢ St
SNR & B4 A&l 25t vluel & A4 717t
HagEolof T2 & 4 e 7187 H Ak

P

V.&8 E

AfHoR A ol2E dA XHARlY| ki
2271 U2 FilterS JFOoZA wol= AAATE H]
sl KWt} o|uff H]WH7} Factor® SNR, PSNR,
MSE & AN 2A oha3 22 428 ok

1, cutoff frequency”’} T}Z filterS H|WH-S 1 noise
power Zrolle Aglo] cutoff frequency 2/3r~38/47x7}F
A7k 9 Yol 7HS WA SNR, PSNRe] Eth waby
= filter A YePHTI & 4= gl

2. Median Filter®] AY size7} Aol wlzb4] SNR
ol AXH Q2 MSES] gfo] ZobA filter HI}=
ol F& & =
3. o7 FA filterE H-E3M= ol oA difE

FgEol filter 2§ Fof e Aol =H sHHrt
B e UE AT 29 3 BileS fAEtd

deH(ol= AA) sh= Zo] Fagt EAloh 4

.

x b
0!
il
£



g A7s2st Vol 30, No. 1, 2007

S5t ozt sjlol 71odsh] YENE YoE wol=
U AdE oualze] HMsls £81] Rrt Reality7h

e ol A2 & A=F spofoF & Aotk

HI1E™
1. G.S Shaber, A, Maidment, J, Bell, L s, Jeronim,
D.Y. Lee, G.F. Powell, “Full field digital

projection radiography system: Principles and
Image Evaluation,” Computer assisted radiography
and surgery(CAR'97) by H.U Lemke, et,
editrs(Amsterdam : Elsevier, 1997), pp.39—45

2. S.H, Nam, J B, Park, CH, Oh, T K. Song, J.K
Jung, S.I, Kim, Recent Development Trends and
Future of Medical Image system: J, Biomed.
Eng. Res, Vol 20, No, 4, 365—-399, 1999

3. Pitas, A. N, Vinetsanopoulos, Nonlinear Digital
Filters, Kluwer Academic Publishers, Massachusetts,
1990

4. 1, Pitas, Digital Image Processing Algorithms,

al,

+ Abstract

10,

11,

12,

Prentice Hall, 1995

T, A, Nodes, N, C, Gallagher, JR, Median Filter
Some Modifications and Their ProPerties,

IEEE, Vol, ASSP-30, NO, 5, pp.739—746, 1982

R. Suoranta, K, P, Estola, 2—D Subset Averaged

Median Filters, Publishers,

pPp.291-294, 1993

B. Jahne, Digital Image Processing, Springer, 1997

L. Yin, R, Yang, M, Gabbonj, Y, Neavo, Weighted

Median Filters: A Tutorial, IEEE, Vol, 43, NO,

3, pp.157-192, 1996

0|83k ofxet FEAF HRE o8 AU F

SAA ZEEQ MA|, dFEtn it 2k

=5 1998

R. C. Gonzalez and R, E, Woods, Digital Image

processing, Addison—Wesley publishing Company,

1992

Michael seul, Lawarence O' Gorman, Michael J,

Elsevier Science

sarmmon, “Pratical Algorithm for Image Analysis”
1A%l Removal Mixed Noise from computed
Radiography Images using Hybrid Filters, IL&{t}
srhakel AASHRER, 2005

Mixed Noise Reduction Filters for CR Images
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This study is to decrease compound noise in x-ray films, This study compared Signal to noise ratio
(SNR), Peak signal to noise ratio(PSNR), Mean square error(MSE) to surface of the earth, In addition, we
evaluated noise elimination effect according to the kernel size of Median filter,

This experiments show that some filters are useful by finding image that is near in circle image
comparing cirdle picture with each processed picture, In noise power value, when cutoff frequency was
compared with other filters of cutoff frequency, Cutoff frequency of 2/3m~3/4m is good and it shows
good SNR and PSNR. Therefore, it can display high filter effect. As Median Filter's Kernel size grows SNR

value gets bigger, which shows better filter effect.

Most pictures are distorted after filter application in medical treatment image. It is important to keep
spatial resolution in most medical images, Visual estimation as well as quantitative indicators should be

necessary for a better image.

Key Words : CR, Noise, SNR, PSNR, MSE



