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Principles and clinical application of multi-resolution image processing in com-
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[summary]

Medical X-ray imaging creates processed images with subjective contrast. In screen film (SF) systems it is difficult to
depict images if the subjective contrast is very high. For example, the thorax contains lungs (high radiolucency) and
bone (low radiolucency) and therefore has very high subjective contrast, which results in missing information due to the
performance limits of SF systems. On the other hand, computed radiography (CR) systems can work more flexibly than
SF systems by using frequency processing for images with very high levels of contrast.To solve this problem, CR systems
employ sharpening processing in order to depict a wide range of contrast with a low gradation, using high pass filters
that suppress fluctuation of the direct current (DC) component between local images.

Before development of CR systems, two output methods were used which preserved the DC component to
approximate SF images and sharpened images with high pass filters. However, this style of processing was not universally
adopted due to a feeling of degraded reliability created by resampling images with a coarse reading pitch and by using an
artificial signal in imaging processing. Therefore, even though improvements in reading the sampling pitch and obtaining
actual-sized images have been made, the present mainstream method is just an iteration of former methods that were
used to approximate SE.

This paper proposes that images that are mainly composed of an alternating current (AC) component are valid for
clinical detection of abnormalities also seen in X-ray images that use a fluctuating DC component, such as in X-ray images
of the thorax.
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Fig.1 workflow of multi-resolution image processing
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Fig.3 frequency properties with support size of the
sharpening filter
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Fig.4 frequency properties of the band pass filter
with multi-resolution image processing
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Fig.5 frequency properties of the synthesis filter
with multi-resolution image processing
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Fig.7 unsharp mask processing Fig.8 multi-resolution image processing

A — 7 —{ERO P EFBIEED Ic» OWEBIG % 2 N ZIUR
T. Fig 10 R THEBIBIC 0 TXHLEBTED =
JitigF, X#EEPEOMR N % & OVt & o
HL YL o TAL 2 EREGOZEN, FHEOBI%E
PHELTCR LRGN THA ).

JE BRI 72 D 4t Table 10 Y TH
L. XML LT, EXT 4 A ovikalattil
XHMFs RS, XA EE 70kV, XHEEIT200mA
I & O XHAIRGTHE] 100msec Z Hv 5. & 7o T-1E
6 1 ZHEBEEEFHRASHE T VI =T L7 ) v F
BILUOEL7 A v stk Nt B CREGE 2 F v T X
PR L, BEARILERE100um, #7-{L%10bit Tt
HIY 2475

WAz, TG LTSRS ke, SRR 50
fE 5 IRNE D L= 28 2 T 3D 2 T ffp (5 B AL I
EAEM L Fig.11~Fig. 1312537

IS 2 JE RS O S HRIEEER X, 0%, 10%,
100% &9 5. 7250 (2) 85 2 B0 R 945 80 s
gy, 74 v —%FK—1rH+4 X1, 3 5 7, 11,
15, 21OBEHFH 7 4 v 2 =12 L Y1551 5 RO

Table 1 imaging machinery and materials for
original image and conditions

X T S 1 KXO-50G
XEKL=v P ET WV DRX-3724HD
XM T 70kV
X BT 200mA
X FE SR g 1 100msec
FFD 100cm
THWIZTLTY) w N FFH6:1
CR#H FCR PROFECT CS
FEAA LR bR 100um
L 10bit
[LIEE S 2140pixels * 1760pixels




' #

CRICHIIBT7 Vo v—TIYRAINEBE SUS ERFREVEDFRIEEERRXRREANDA

BRI 2 2WIRBOZGIZ X V85, KB T7 4 v 4
—HHR— b A X1 ORNBE RIS TE R ERL T
., ZNZNONEEBE R~ 5 EAREUL R
Pl 5> & EF 12 w={0.2, 0.5, 0.5, 1.0, 2.0, 1.0} £ T 5.
Fig. 1113, AN TYERLT 2 % A5 B WL BRI {5 1
B3 B REHROFFOIMBET R L T b, AUk
L CTFig.141&, JFMmi{§¥s & O5CHks % 7~ 9 Fig.11
LOEGEBETDH Y, BEERIZ 51 5 BRI 2R L
TV,

% 1CFig 171, BN SR 2 v Tk e
Fig.11~Fig.13 4% & IR O KA1 5 1
WICD I WHAEE 2 R T

Fig 17 # 2 BRY, BEI{ROERES3% EIFE
JFERLIR (% Fig.11~Fig.13 (2 b THIX I I v 2
LA s, OB OZEBFNE, itk X O
% WIS (% Fig.11, Fig.12 £ O Mi{§ T
H5Fig.14% L FFig. 15122 2 LA T3%. Ik
Fig. 1613, Fig.11 OME%R Kkl TV 2 Wi TH 5.

Fig.11 AC component + 0%component of the
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Fig.12 AC component + 10%component of the
original image
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Fig.15 subtracted image between the original image
and the multi-resolution processing image fig.12

Fig.16 subtracted image between the original image
and the multi-resolution processing image fig.13
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Fig.17 one-dimensional averaged frequency
properties in the horizontal direction of
each multi-resolution image, fig.11~fig.13,
and its original image
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Table 2 conditions of scanning ACR phantom

X-ray image
77y IRy FAX %7 ES-8500
BERALE L 300dpi
LR 8bit
[LIEE Syl i 945pixels * 945pixels

z—~®/RT. ITIEL, Fig200y = —~ kB
LEFTefLTes.

ACR7Z 7 ¥ I & XGRS 13 Table 2 Dl
YThs. 27, ACR7 7 v F 2 XHMHEKRIE, 77
VAR L TORBEROXET 1 v A E§
PR 5. ZOXBT 4 v 2R E T AR
M7 7o PRy F2F 2 FES-8500% H T,
AALEEE300dpi, #FALE8bit D A F v v ek THL
B3 s, —0, FEgRE & 0% BRGSO
4 X (2140pixels * 1760pixels) ¥ ACR 7 7 ~
b & XSO A4 X (945pixels * 945pixels) 2
HLTRECID, FHEERO—E%ZACRT 7~ } &



' #

CRICHIIBT7 Vv —TIYRAVIBE S U S ERGENEDRIEBERRXRRENDGA

Fig.19 X-ray image of the mammographic

phantom 18-220 with ACR accreditation
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Table 4 necessity of the image for reading thorax
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Table 7 itemized list of the number of the recogni-
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the t-test
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Fig.23 probably density function of the true
positive fraction
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