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methods to deal with the fine structure of contour line
and the global shape of the stomach are discussed.

II. Contour Detection

II-1. Principle of contour follwing

Contour is defined as the boundary between an
object and the background. In radiograph, the stomach
filled with barium takes a form of a bright lump of
varying intensities. An example positive picture is
shown in Fig.5. The boundary is detected by threshold-
ing the transparency of the film. A flying spot draws
a small circle and its center is controlled to follow
the contour line, so that a uniform precision is
obtained in all direction,

The principle of the method is illustrated in Fig,
3. If a boundary point P is represented by a vector Z,
the position of the tracking circle center C is
determined by

dZ

SE=k(z-2)-kB k!

which denotes that an integrated signal of the distance
between P and C controls the position. The accuracy of
the followed curve depends on the search radius r.

From the equation (1), the curvature of the boundary
line 1/ and that of the trace 1/ are related by

1 1 2
TR AR @

The control function is realized by the spot
control circuit shown in Fig.4. The photomultiplyer,
PM, detects the intersection of the boundary with the
small circle, and at the instant of intersection the
sinusoidal signals generating the circle are sampled.
Thus obtained signals give a direction vector B of the
contour line. (Fig. 3(b))

Since radius of the circle is constant, that is

Bl =1 \2)
the equation (1) shows that C moves with a constant
velocity. To keep stable following, the center of the
circle should not move beyond the radius in one cycle.
Hence the constant k should be smaller than unity.

The control circuit seeks only in the range of
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445 from the direction detected at the previous cycle
and when it can not find the contour in the range, it
seeks whole direction at the next cycle.(Figs.3 and 4)

II-2. GSelf adjustment of threshold

From a barium filled radiocgraph of the stomach, a
closed contour line is extracted with some difficulty
because various shadows such as ribe, vessels and
intestines may be overlapping and some parts of stomach
show little difference from other organs. In a
majority of cases, only a part of stomach cr that
joined with other organs can be extracted with a
constant threshold as illustrated in Fig.6. Therefore
the threshold must be automatically adjusted in
correspondence with the local average transparency.
This adjustment is realized by adding a running average
of PM output to the constant threshold d . (Fig.9)

When following the boundary where brightness
changes with a uniform rate, the contour follower can
be regarded as a feedback controller as shown in Fig.8.
In the diagram, H(s) is a low-pass filter (rig.9) with
a gain o given by

- 4
~ 1+Ts ,

H(s) ()
where the time constant T is .nosen in compliance with
the tracking speed and the characteristics of the film.
To keep the stability, o« must be less than unity and
the final value of this system is given by

P, = d/(1-o) . (5)

Fig.?7 shows an example of the contour extracted and
the threshold then taken is shown as a thick trace in
the middle in Fig.10.

II-3. Characteristics of the contour follower

Basic characteristics are already mentioned, here
a few others are added.
(1) The image contrast at the boundary is determined
through the amplitude of PM output simultaneously with
ccntour detection, and is displayed with four levels
along the line as shown in Figs.7 and 12. It not only
indicates the reliability of boundary detection, but
also gives the index of hardened stomach wall.
(2) The curvature of the contour line gives important

No. 2 (1974) -



information on its structure. From the vector B (dx,
dy) the curvature is computed by the equation,

Fig. 13 shows an example of the computation together
with the contrast and the coordinate signals.

(3) To feed the detected contour line to the computer,
the line is quantized in four directions as shown in
Fig. 14 and is stored with quantized curvatures (4
bits) and contrast (2 bits). Thus the digitized
contour with the precision equivalent to 1024x1024
mesh binary image occupies only 1 Kwords (12 bits/
word). These quantized directions and their sequences
are essentially the same as Freeman's & directional
chain code. -

(4) Experimental conditions:

Usually the spot is O.2mm in size and the search
circle radius is 0.25 or 0.5mm on the film.

To monitor the contour following with an x-y
recoder, the following speed is adjusted at 1 cm/sec
and the circle frequency 110Hz. It takes about 12 sec
to follow a picture, hence the afterglow time of
phospher of CRT and the delay of an electronic circuit
do not contribute to an error.

PM output is amplified by a logarithmic amplifier.

The precision of the detected acute angle depends
on their turning direction, namely whether it is the
same as rotating direction or the opposite.

III. Scanning with Differential Operator

The boundary corresponds to an abrupt change of
brightness of the image, hence the spatial differenti-
ation is effective to apply for contour detection. In
our system a stored image has 128x128 picture elements
with a 3 bit grey levels. Consequently the precision
is not sufficient to perform such an operation-on a
digital picture. But by scanning with a spot movement
as illustrated in Fig.l5 and by executing the calcula-
tion shown below, it is possible to get a digital
differentiated image with the same number of picture
elements.

If a sampled value is represented by P(i,j), the
spatial first and second order differentiations G and
L of the image are given by
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G: VP(i,j)=|P(its,)-P(i-s,j)+|P(i,j+s)
-P(i,j—S)l 1 (?)

L: 7°P(i,3)=1/4(P(its,j)+P(i,j+s)+P(i-s,])
+P(i,j-s)=4P(i,3)), (8)

where s represents a difference interval.

Differential operation is usually highly sensitive
to noise, but is suppresed with a large difference
interval or large spot size, and the first order
differentiation contains rather small amount of noise
than the second order one does. But the combined
operation of the first and the second order
differentiations gives a fairly good result. When the
values resulted from differentiation G and L are
converted into 1 bit binary numbers by setting
thresholds m and n respectively and are denoted by Gm
and Ln, the combined operation is taken as

I =G, Ly, . (9)

In practice, this operation is executed at the scanning
stage. Cne example of the result is shown in Fig. 16.

Our system intends to infer the obscure part, for
example, a stomach-bubble which contains air instead of
barium. From the contour which is detected, it might
be expected where the obscure part belongs, in
considering the typical stomach shape. (Fig.19) COne
algorithm to infer the actual shape in the expected
region from a result of differentiation is as follows;

Put a small closed flexible area at the center of
the expected region and expand it until all the points
on the boundary of this area are fixed. Differentiated
value is supposed as a force to prevent the expansion
of the boundary. The expansion is also prevented by
another force which is related to the distance from the
neighbouring fixed points. (Fig. 17) Accordingly the
resistive force at one point on the contour is
expressed by

= f(St y S D(ivj))v (10)

where s, , s, means the distance from the left and the
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right fixed point to the point now examined and D(i,j)
is differentiated value. If the condition F>F, is
satisfied, then this point is fixed. (where Fe is
threshold) One example of this process is illustrated
in Fig. 18. 1In this case, for simplicity, F has the
form,

o D(i,j)+k(l/s£+l/sp ). (11)
There may be a more appropriate function to fit shape.

IV. Description of Contour and Global Shape

The typical shape of stomach is illustrated in
Fig.19, but it is difficult to define its shape quanti-
tatively because there are much differences among
individuals and the shape variations due to many
factors. The meaning of the feature of contour line
depends upon the region where it belongs. Therefore
the regions of the stomach especially cardia, bastic
angle and pylorus ahould be identified.

When a radiograph is taken, the posture of the
patient is normalized, and then it is easy to identify
the cardia. The pylorus is found at the upper portion
of the right half stomach as a neck near the end. The
angle is found as an intensely curved point on the
contour from cardia to pylorus. The cardia and pylorus
are located from the stomach shape, and the angle is
recognized from the curvature of contour line which is
obtained by processing the chain or directly at the
tracking operation.

The description of the contour line is another
problem. The successive differences of local average
of the chain correspond to the curvature, and the
average interval is to be determined according to
whether coase or fine examination. From both results
as shown in Fig.20, the contour line is labeled with
six typical patterns as illustrated in Fig.2l. The
result of this procedure applied to Fig.l2,is shown in
Fig.22.

Lack of resolving power of our system makes it
impossible to find a small defect at the angle, but
from an image enlarged by 6 times with a lens system,
the defect can be discovered by its curvature pattern
as illustrated in Fig.23. In this example, the curva-
ture is quantized in 5 levels arnd its sequence becomes
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where 1,4,B,%,L means as follows;
1: straight, 4A: right turn, 3: left turn,
X: acute right turn, L: acute left turn.
And sequence 1is reduced to

veesecssnreneaes(I)B(I)ee.snnanna,

which corresponds to patten P. The angle is the part
where lesion appear frequently and fine examination is
necessary.

To find a large deformation, the medial axis
transformation is convenient. The chain is eguivalent
to a binary image, hence it is easy to use the
transformation by converting a chain into a binary
image. T[ig.24 shows the result that this method is
applied tc stomach with 128x128 meshes. A ;lobal shape
of stomsch can be obtained from a more reduced image.

As illustrated in this example, a narrow part and
an abnormal change of area can be found from the width
along the axis. The shape of medial axis represents
rormality of the stomach and gives a means of
descrimination between abnormal defect and perstaltic
movement because the latter is usually symimetric.
These recognition may be executed by rrocessing the
chain which describes the axis.

V. Conclusion

In tnis paper a pattern recogrition system which
extracts the object with two features, i.e. contrast
and curvature, from a picture is presented and methods
to describe feature of contour lire and shape are
discussed. As an example, the stomach radiograph and
its findings are studied.

To reach the actual diagnosis from the descrip-
tions is the future problem. For making diagnosis
autcmatic and reliable, it may obe necessary to take
information to ve obtained from cther tests or
victures of the same patient into consideration. In
any way, a reliable description of image may oe
required.
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Fig. 8 Threshold self adjustment

Fig. 7 Detected contour of Fig.5
(3rightness of contour
line shows contrst)
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Fig. 9 Threshold adjusting circuit

Fig.10 Self adjusted threshold
and P¥ output signal
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Fig.l4

(b)

Quantization of contour line
_ (a) Quantization of direction
L i ‘ (b) Quantization of contour llne
Tt = C: contour line,
‘ T P: quantized contcur line,
S: sampling point of contour
line.
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Fig.1l3 Contrast and curvature
of contour line
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Fig.15 Scanning according to di

(b
ffe
(a) Gradient, (b) Laplacian
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Fig.1® Fig. 17 Principle of closed area fitting
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Fig.1l8 An example of closed area.iitring
(a) Original picture applied differential

{(b) Fitted shape
operator on Fig.5's upper part
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F: stomach-bubble
C: cardia

B: duodenal bulb

P: pylorus
LC: lesser curvature
BD: body

A: antrum

W: bastic angle
GC: great curvature
GB: bottom

Fig. 19 Typical shape of stomach
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Fig. 22 Labeled contour Fig. 23 Curvature at the ang.e
of stomach
- e
(Fig. 5 i9)
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Fig. 24 Description by medial axis
transformation

(2) Medial axis of stomach
(b) Width along medial axis
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Change of focal spot size by tube current

HERZTH " H i
HERUHGERIGRN W2 M- EraRm

Suguru Uchida
Miyazaki University
and
Hiroshi Inatsu, Masamori Igakura

Miyazaki Prefectural Hospital

Sumrary

At present, the Jemensions of focal spot is deter-
mined by means of X-ray pin-hole cameras and resolution
method.

But this method is not practical for routine work.

The magnified radiographic image of star test
pattern is a useful determination of effective focal
spot size.

we investigated the change of effective focal spot
size by means of the star test pattern methocd. 1In the
result of experiment, the effective focal spot size is
enlarged by increasing milliamperage.

but this phenomenon has been expected.

The rate of enlargement is different from each X-
ray tube, This phenomenon is caused by convergence
effect of thermoelectron.

The effective focal spot size is present the minimum
value by milliamperage.

When the radiographic image is maked, the milli-
amperage value must be chosen a minimum effective focal
spot size.
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1 # B
XBENEPEANKZ IR \ NHBEERIIKZNESYEX L LRBALATY 50
XEBHOEMESENDTER , pin—hole camera e ,BENEST I SICHESL

Tus B, —#%121 pin—hole camera (ZLXAHETHREN TS,
pin—hole camera [ZLAHENRLR hole DKREZIFERINE ML

Hiswiesh , 2O LA L SHBIZFEETE 2V,
holep/h&urzph, XERGREYBTLENSH)  XBELFRITHEERES 2,0
T D — A, WIEER OB TERASEETH ), ZORHEARKE

FRIZAAZLENT I,
$7: ] 1STi3ESHD hole $TOEREY ,/hE<{LL100emE L, BAKII 1~

3MEERTIN TV S, BHCd~7 XBROBE,L , XBEES— hole MOEEZ K

AL LB ENTARWD  FLEOThOEENEADOAS
X4, pin—hole camera HEOBADOKRLIR, hole HBHREZR LoHEEH

B, 20RO A ERIZLLZZETH S,

Rz L e REABNT ALY, bhibhit star test patternZfALTX

BEOENESTELYRETANEYRRL , EBOBRENEACRT AL 2BD DI,
$7: 72N pin—hole camera ETREFHABTH 2B OXRELLITH

THHRLBUET S LR L7

2 Star test pattern kOFEE

X B SO BRRIZ O TiE . 19 6 4 ENEIC L » TR S WA A BRTH 5
R BRI USRI ISR LERIC L TREEATLA

AR L XBEOEMESOTHEIIBE LTz . P.spieler, W.C. Breekinrige,
Ik~ THEShT3)

¥ line pair test pattern tMFARFBLLETEATASLLFig.l DI
HitlieHe

TprE  1fOline pairD@/EEENANIZ, Figl IRTLICXRERL
DAl ine pair test pattern OEM+ELTRALLETH DS

WL B OTFERS E L XESOERSESOSEE f LT 0T,
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Ll h,
IDLE1HD1ine pair DI ET S,
ZZTMBHEAETH b,

a+ b

a

M =

star test pattern (%<0 line pair test pattern*MEIZE~
D EEZ LN D,
THLAES THE~HN/ star test pattern OERdAICITHRINENES

(=N
S i d
S = T j
360 W
A
X E2ENE
- Th . Md 3
180 M—1
BELI S,
BETOHEFEEINLZEAODEREL D LTI,
D = Md

THHMLIAR,

Ll Bs

star test pattern®DBEFORENHBTAE , F0OLKEL LR TXBENE

bhvbhoEH L7 star test pattern 2, 90 AKNDWINEL 9 0 BOZEL -
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Fig 1. Reference diagram for

effective focal spot
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3 ERERRLUERE
3.1 vpin—hole camera &N

pin—hoie_ camera HEAVTER L% microdensitometer TEEL

7:bD% Fig2 (Z;R7o
ZOLSK pin—hole camera RO, $ELEA TV A0 TEHALT 9 Liog
WE L, ZOYEBY LS L, star test patternETatllL: XBENEMES T

EEL—HT 5,

Table liZstar test patternZIZLAXBEDEYESL pi mhole

camera EDXEBE) HRD: XBEOEWESTEL R,

Density

A
> M
3 AN T
=
@
a

i Wl pesrarhh
1 2 3 4 5 G6(mm) "~
Distance
Fig.2. Microdensitometric image of a focal
spot by a pin-hole camera,
e Rt
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Star test pattern Pin-hcle camera
method method

Cathod-ancde

SRS 3.1 mm 3,0 mm

Right angles
to cathod- 2.2 mm 2.1 mm
ancde axis

Table 1. The reration between a focal spot size by
star test pattern method and a nhalf value
width of pin-hole camera method.

LW CEMT A2, £ 9L ThMicrodensitometer A ETH b,

L7:dinT 1 DETHRA-BHrbstar test palternESELTVLLEE LD,

3.2 BEhEEOR®

J1SHORBHERZ2 DETR~/1ine test patterngZeMUFRIZLETVT
Vhe

¥ Fig.d i3 line test pattern#®ELLESE

2S,( 4 +b,)
b

1

= fiy

2 S;( azg+b;)
b

PEBETAS . a, b, 028NEVICH LTREXTAV, L CHETS 11 Im D&,
FAMOBELTHD 29RO EAEBEADOTEDS 1 JD/PhEWLDEL, f2 I
WHETAH (i lm OESRAROBE LTEHbhiswE & | EBFERTES f2 LDKEVLE
THLREINT Do

L72dinT, film KAKEZHLALVERS , 7232 , bORLHKRT L% TRE
PLDBTLENEL , SOEILL TR . BREEZRIER LA 5.

ThizlkLTstar test patterngkid | [OEE TR/ E O ENES T HH
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T %o

2 i

XEEEATHENEBRIZLAEA
ZBIULERA UL-EBR=/MERE, 1 2AEHART, XEEOEHESILAH T2 X 2 mm

Thdo

EERY¥ Table 2 12534,

IOERRIEEROSOMATT CILAHOELBA TVA4 , J ISIZLAL L7~ 2.4 mm

DHEBEEL 2N TV 505, BRERMAAOEXFITHFHER L1t 5,

DFLBHOXBEDOEPEANTE L EBHOBRIZOVWTR AL , Ak L DT, B
B LT D EEMET , BB 200mA CESAAICIHSVT, J I SKEEEN-
FEBEEZB L TV 5,

Cathod-anode axis | Right angles to cathod-
Tube (mm) anode axis (mm)
current F- tube L-tube F-tube L- tube
5C mA 2.8 2.8 2.2 2a2
100 mA 2.8 2:8 2:2 2:2
200 mA 3.0 50 2.2 2.2
LOC mA 3.1 o N 2.2 2.2
8CC mA B Fel 2.3 2.4
12CC mA 2l Fu 2+5 2+5
Table 2. The focal spot size by star test pattern

62

method. (D-Co., made in Japan. Nominal
2 2mm focal spot. E0kVp.)
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Tube Cathod-anode axis |Right angles to cathod-
current (mm) anode axis (mm)
200 mA 3.0 1.7

300 mA 3.1 17

LOO mA 3.2 Y./

500 mA 3.4 1:e7

Table 3., The focal spot size of A-Co., made in Japan.

(Nominal 2 2mm focal spot. 60kVp.)

Tube Cathod-anode axis Right angles to cathod-
current (mm) anode axis (mm)

150 mA 2.6 2.1

200 mA 2.6 2.2

300 mA 2.6 2.3

500 mA 2.7 2.4

Table 4. The focal spot size of B-Co., made in foreign.

(Nominal 1.6 1,6mm focal spot. 60kVp.)

Tube Cathod-anode axis Right angles to cathod-
current (mm) | anode axis (mm)

100 mA - (2.17) 2.4 (2.38)

125 mA 2al {2.22) 2.3 (2.34)

160 mA 2.3 (2.25) 2.3 (2.32)

200 mA 23 (2.27) 2.3 (2.27)

250 mA 2.2 (2.24) 2:3 (2.25)

320 mA 2.3 (2.26) 2.2 (2.23)

400 mA 2.3 (2.30) 2.3 (2.26)

500 mA 243 (2.32) 2.3 (2427)

800 mA 2.5 (2.49) 2.5 (2.49)
1000 mA 2.6 (2.60) 2.5 (2.53)
Table 5. The focal spot size of C-Co., made in Japan.

Vol. 4 No.2 (1974)

(Nominal 2 2mm focal spot size. 60kVp.)
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Symbols

—=-=-=Thermoclectron of it. oth:r curront,

Therimoelectron or 200 ., ar 320mA .

! Focussing devi
Filsinent Focussing device

Anocde

N

(i

Tne convergent effect of thermoelectron by electri

L

lens.
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L LZOERE , BN TAREATEUTTAH) , BBRIC - TR LA LRI LY
Wik, BRAAEICL - TRABLKERERTEE AL S,

“oBaOERO 1oL LT, EREBATOXEEOR Y NITRENRAESEL LN b,

At OFEMESTEEZ Table 312mRT,

Table 4 KRTBHRAEUOXBERDENEATETH o
FHELIOAREL150mA T4 TiZ 2mm 282 Thb,e
AEEXSEBEROAMESRNKZVDLINHLNNEHIZLLLDOTHH I,
EMESTESTALE LN BEOXRBRNIIVELTEHEVL S,

SR CHOEMESTEL Table 5107 T, ZOXBREROENE D MO LD
&L THRRHPEABIES , 1 1 SOFERAICA L.

Table 54 bHA LT, INXKERIEDEANKE S, MRAEIZIT200
mA £ 320mA DBTERNEE TV 5,

TOBEFAIR Fig3dhrohEFlens AL TAEFLNEILLLE, 200mA ~
300mAK%V(.mm@%#5<tbiﬁuﬂﬁéh1m6L@t%i%ﬂéf)

o EEBOMES (1] amentJ)gﬁé.tU)BQ{%L%;{i‘)ﬂé%)

Figd [Istar test pattern DI AFEE T,

3.4 XBEEAOEEERCLLHEL

X REE S THEORBE KRRV L E 2 LTV 5L

PhDhOEBRTHII AL TNERBO NEM 120 OT AN LEBES LRI
LEMESRNT o

Lo LIS 2 nEEL* 52 5B TRV,

T iitrespons e MENFETLREANTLAL

Table 6 (ZEE/EL 20 kVp DL FNFEERIH T L2 EDELTHELY TTo

4 & B3

XEEEATHIOVTOMEREELH)  BliTikresponse BMUTHM2H &
BHIZL ~TERTAHZ L LT TIIRNBN TV A,

XGEEALFMTS -2, response METHFBTAZ L —HFEE LV 2 2RREE
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Fig 4.

Radiograph of a star test pattern.

Nominal 2*2mm. 4CkVp, 100ua4,
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Tube Cathod-anode axis (mm)
curgent C—Co. T D-Co., F-tube
50 mA - 2.7
100 mA 2.1 (2.10) 2.8
200 mA 2.1 (2.14) -
40O mA 2.1 (2.14) 2.9
500 mA 2.3 (2.28) -
800 mA - 3.0
Tube Right angles to cathod-anode axis (mm)
currant c-Co. D-Co., F-tube
50 mA o 2.1
100 mA 2.4 (2.42) 24l
200 mA 2.4 (2.35) -
400 mA 2.4 (2.35) 2.1
500 mA 2.2 (2.21) -
800 mA - 22

Table 6. The focal spot size by 120kVp exposure.
(Nominal 2 2mm focal spot.)

frignds, TEHTHAR L 9 BHRH TR T,

star test patterniZtAhHER, FRIHHIIXEEELTHEOFMLETS ,
pin—hole camera @t NE\A T35,

star test patterntE¥fuibd BERLEAEO LR LEKEKPT S,

BIERZ 1 mm 2oV THOEMEATENR 2 BLEAREZ L1, 6 REZSFILLTEER
L7:b?d% Table 7 IZRTo

IO HEBERERTNES , —HICAVSLL AL, star test patternd
BERLEZ TRETAITHADS , MZLE, 1.9, 20hnh#NLEEL b,
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M 1.3 1.4 1.5 1,6 1.7 1.8

error(mm) |40.116|40.087 +0.069|+0.058+0.049| +0.043

—

M 1.9 2.0 241 2.2 2.3

error (mm) t0'038 +0.035/40.031|40.029(+0.026

Table 7. The relation between experimental error
per lmm and enlargement factor.

JURMELXBREHEMEL DL , XBEEATELZE L2 mAs BORR L LB TH 5,
IAERXBEOEPEATRCOVTR, IECHE TR, FALER > 1.51o01T

B=0~+30BLH-TWT, JISLERESEERLTVWAZ LXERT 3245,

2 ® ¥ m

L AH B XREEAOXBREEMO7 — v =BT, ISHHE | 34. 2. 1965,

2. BRE- - XBILABRREROBMIENBE , BEEe®, 23 3. 1967

3. P Spiegler, W,C.,Breckinrige ! Imaging of Focal Spot by
Means of the Star test pattern, Radiology 102 March
1972
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Modulation Transfer Function of Clean—up

Effect of Scattered Radiation by Collimator

HRAELEN K" H B
RyEEERIHER @ =2 f#

Suguru Uchida

Miyazaki University
and

Hiroshi Inatsu

Miyvazaki Prefectural Hospital

Summary

In the radiographic system, scattered radiations from object

make the image quality poor. As clean—-up eguipment, X-ray
srids and collimator are generally used. The efficiency of

collimator had been geometrically evaluated concerning extra

foeal radiation and penumbra. As to the influence of scattered
radiations on the image quality some more quantitatié>EValuation

is necessary.

In this paper, we tried to show the clean-up effect of
scattered radiations of collimator by means of the technique of
llodulation Transfer Function (NTF).

Let LTF of systems with collimator and without collimator be
X(.) and Y(:)respectively. The MTF C(w) of clean-up effect

of scattered radiations by collimator is to be obtained by the

Vol. 4 No. 2 (1974) 69



following lquation.
C () =X () /Y ()

Where C(.) is changed by radiation fields.

From the theory above mentioned, we studied about the MITFs of
clean-up effect of scattered radiations on each radiation field of
lu.10em., 20X20cm., and 30X30cm,. As a phantom, we used
acrilic board of 9em. thick, and the conditions of exposure are
80kVp. and 100mA..

The experimental results are shown in Figure 3, It is
proper that the improvement of image in narrow radiation field is
better than in wide one. If the clean-up effect of scattered
radiations is evaluated by NMIF, then the difference of result by
mesurement method is solved, we can evaluate the clean-up effect
quantitatively.

This method is useful to the selection of the optimum combination
of X-ray grid and radiation field, and these results are useful
to the selection of equipments according to radiographic portions.

The effective selection of equipments is useful to the reduction

of patient exposures and the improvement of capability of diagnosis.
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RERBERIILVT BE*EFTELARAILERE LTHERLLOBERLDH 2,
T ONEHERRETANEL LT, X—ray grid LRVEENHD, X—ray grid
DEELBBREDRIC ATtz d sy
G R O A X | ERBIC o TR & o TR AT Do
£ R EHE LR A, BEFA LA ERE A LRLMFRINT 50 BHED
T L ARABROBYPETIISA AEBIISL TR IV EROLFMELLELF L LN S,
AXRLTH ,BIBRONEARR LR EROCHFBES 2L LT, MTFOFEEH
WAHZEERAA

2 BYVERBICLDHEBRBREDHREOMTF

Vi, XBERAOMTE ,RUEBICIAREABREDROMTF , BELRIZLZ2£7D
MTF ,X—ray film O MTF#%h#hT(0),C(e),S(o),F(e)L
+ALE,Figl WRTLIHROMTF , X (e )2,

X(w)=T(e) Cle) -S(e) F(o) (1)
TRENL -
DEIFROR LW VBB EFRCLZAROMTF ,Y(0) i,
Y(0)y=T(w) -S(e) Flo) (2)
TRHEN D,
KeRns ROEBCLIOIBEABRRENROMTF, C(o) 2,
Clow =X(w) /Y(o) (3)

TRKHBIENTE B,
ThbE, Clo BBHEBOAZIINESR Y Z 1D, LT, BEFLELZ €L L
12E -T, 2 W FhOBETF I 2HEARREDROMTF B LN %0

3 E B A &
2ETRNI LI RN EBYAUREBENVROMTF Y ¥Michart Z#ERAL
T,Figl WRTIIREBRAETERDS
FoOHH@izMicrodensitometor THE LAERHABARIZER Lico B
BB HTH S
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Figure 2.

Square wave lTFs in the case with collimator

(Field; 10/10cm., 20X20cm, and 30X30cm.) and

without.
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Figure 3.
Square wave MI'Fs of clean-up effect of scattered

radiations by collimator.
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ig.2 Aadiographs of a Tc point source
through the third geometrically coin-
cident collimator. Numerals show the
clearance hetween source and collimator.

As same as in Fig.? and 4.
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Fig.3 Radiographs of a ”9mTc point source

through the fourth geometrically coin-
cident collimator.
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Pig.4 padiogravhs of » ~““Prg noint source
through a high performance collimator
(Kuclear Chiecago Co.Ltd).
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Clearamce betweem 99‘Tc point

sources andcollimator's surfaces

Fig.5 Comparisons of FWHM s of 99“Tcpoint source
responses when & high performance collimator
(N.C.,) was used, with those of the third and
fourth geometrically coincident collimstor
used.

Fig.6 Gamma ray radiograph of three 99mTc
cylindrical source . From upper,inner
diameters are 23,5,4.8 and 9 mr: wide,
and both distances of the centers are
about 9 and 18 mm wide. Clearance is 10 cm.
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