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For the purpose of estimating the effect of scattered radiation in magnification radiography, its MTFs
were evaluated experimentally, and their empirical formulae were presented and discussed. It was neces-
sary to obtain their numerical data input to the computer when optimal magnification radiography was
studied with a computation by convolution of the component’s MTFs.

A. few empirical formulae on the MTF of scattered radiation in conventionl radicgraphy had been
proposed, but in magnification radiography none of them were reported since they varied with a lot of
factors, that is, the potential, the source-film distance (SFD), the thickness of scatterer, the size of radia-
tion field, magnification ratio, and so on.

MTFs of the magnification radiograms of the test object of Optiker Funk Nr. 5863 taken by a X ray
tube having a focal spot of 0.05 mm in nominal size, were obtained changing thickness of the water phan-
tom for 0, 2, 5, 10, 15, and 20 cm as a scatterer, and magnification ratio for 4, 6, 8, and 10.

In the experiment, Kyokko FS or MS intensifying screen and Fuji KX madical film were exposed
in this combination at the constant SFD of 100 cm, and in the radiation field of 4% 4 cm at the position
of 6cm from the center of the focus.

MTFs obtained experimentally were transformed into the sine-wave one by Coltman’ formula, and
then the MTF values due to scattering were calculated according to the same magnification ratio by simple

devision.
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Estimating the accuracy of MTFs, errors were smaller than4- 109, over the range of spatial frequency
v from 0.5 to 5.0 lp/mm and larger than-10% above 5.5 Ip/mm.
These MTFs were assumed as a function of spatial freqency v and thickness of the scatterer d. Frorm

the above data, the empirical formula approximated in exponential form is shown as,

Sc (v, d)=exp (—a(v)d),

when a(v) is a function of spatila frequency.

a (v) approximated linearly over the range of v from 0.5 to 5.5 Ip/mm is given, then Sc (v,d) si shown,

as follows:
Sc (v d)=exp (—(av-+B)d),

when gradient o and intercept § are constant that depended on the magnification ratio.

By using these expressions, MTF values of the scattered radiation derived from various thicknesses

of the scatterer can be calculated from one of the unit of scatterer obtained with the same magnification

ratio. These results are applicable to a computer calculation to find suitable conditions in mangifica-

tion radiography.
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Fig. 1 Geometrical arrangement of the experim-
ental devices.
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Table 1. Experimental materials and conditions.
Mo | Soreen | e (o)
4 F8§ 0, 2, 5, 10, 15, 20
6 MS 0, 5, 10
8 M5 | 0, 5,10, 15
10 Ms 0, 5, 10, 15

* Film : Fuji-KX, SFD=100cm, 120kVp.

Coltman DOZEHA % A\ IEEM VA K v A%RRD

i

ZefE AR R v,

oL BFRFE

BB MEBELFEOR S dicis

B 5 X@EE% o MTF % G(, d) & T 3,

Gy, d) I EARE TOMEA, BEH—7 4 L4
%, HELAR, B XOEEARO MTF 2k« FQ),
Si(»)s Se(v, d) XVt O() LEXR &,

G(v, ) =F(2)+8e(v) +Se(v, D)+0()

LELEHHES.
coCd=0D L ¥ S(v, o)=L RigT &

G(y, d)=F(1)+8¢(»)+O(»)

Eich.

DT, Selv, ) 13 (DA%

ZX2>7T,

— (D

— (@

@K TEl»

HEEFRHERESER B37E BH10%

Se(, d)__ﬁg”’ g; — @
then., ALF v~ tiEiC X5 MTF ofilET
13+ — b ORERBEEC o MTF ofEni g
BEEATRESRS. FE2TF v — MRIERY
Iy HEWEEIC KT B MTF {f4RH 51
GHHEEAES 2 & 2L, MTF ofgf&En s 0lp/
mm G @ MTF {f% R & MIF & BligblL
y A
IV. BFfEiER

EEAC B hic MTF % Fig. 21c 77, %
MTF o ix MTF (@430, 15 ko @R cix
#+10% 40, 0. 1Ko FFACREL §iF XD
PEMTD. &L LT EHEGED 2 HTE
MTF {3 {ETLC5

Zhbo MTF % &80\ CER R x
BlIE LESELAEOE i LT (RD Se(v,
F H T BHSE R ot D28 Table 2°C
BHD. TORCIEHE 2 OZEHEEBRBICK L THEE
LAEBIRE oM HER R LB A . Fig. 3wk 465
RN TOdOEFRLA. & 2 TRZHA
P 0lp/mm T S.(v, d) OEL 1 Hks{be
FHHK OECAETH B . EERCHEEIE G
G LIRS RN RN 5\ THREBIB 0K
QAL LI  Ie 2T & bbb,

e
o
r 5
+ / 710
-E § / 1S cm
: = e
vy . f s
[} 2 3 4 5 6 7 8 9 10 o | 4 5 6 7 8 9 10
Spatial Frequency Ip/mm Spcmull Fraquency  Ip/mm
X6, MS o X0, Ms
10 %
L o] 5 l\ 0 s
L 5 L \ s 5|(:| .:.(
% Q%Q Bosop \
. 2 N k oglia . \%‘
] 2 3 4 5 6 7 8 9 10 o 1 4 5 5 7 8 9 10
Spatial Frequency Ipsmm smﬁ:ﬂ Fraquency Ipymm

Fig. 2 MTFs of the magnification radiographic system with [scatterer of water phantom
in various thicknesses according to the magnification ratios of 4,6,8, and 10.
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Table 2. Exponential approximations to MTFs
as a function of the thickness of scatterer. All
correlation coefficients and gradients are nega-
tive, but they are shown as absolute values. The
upper of each pair to a spatial frequency indi-
cates a gradient and the below shows a correla-
tion coefficient.

Magnification Ratio
Spatial
Frequency X 4 %6 X 8 %10
(Ip/mm)

05 |-0:0L16 [0.00563 ] 0.00485 | 0.00493
’ 0.994 | 0.969 |0.979 | 0.961
Lo [0:0198 | 0.0118 |0.00909 | 0.00814

0.997 |0.989 | 0.980 | 0.983
15 |0:0268 |0.0170 |0.0185 |0.0107
0.996 |0.996 |0.968 |0.993
5 |.0:0335 |0.0216 |0.0177 | 0.0150
0.996 | 0.999 | 0.961 | 0.990
5.5 |.0:0400 |0.0265 |0.0213 | 0.0170
0.995 10.999 |0.954 | 0.990
30 |0:0489 ]0.0319 [0.0233 [0.0181
0.996 | 0.999 | 0.956 | 0.995
55 |.0:0563 |0.0362 |0.0259 | 0.0202
0.995 | 0.999 |0.944 | 0.996
4.0 |0:0869 |0.0417 |0.0294 |0.0214
0.995 |[0.999 |[0.952 | 0.996
45 |0:0762 |0.0477 |0.0330 |0.0229
0.991 |0.999 | 0.950 | 0.994
5.0 |-0:0780 |0.0556 |0.0374 | 0.0284
0.920 10.999 | 0.942 | 0.997
-~ |0.0950 |0.0634 | 0.0416 | 0.0344
°° [0.978 |0.989 |0.953 |0.994
6.0 | 0184 |0.0718 |0.0483 |0.0452
0.962 | 0.999 |0.946 |0.995
65 [|0:156 |0.0892 | 0.0610 | 0.0579
0.967 |0.999 |0.946 | 0.983
70 |0:182 [0.101 |0.0757 |0.0820
0.966 |0.999 |0.954 | 0.979
;5 [0:180 10.125 |0.100 -
0.982 | 0.999 | 0.941 —

*x4 0.5 lp/mm---4.0 lp/mm, Scatterer-thickness :

0,2,5,10,15,20cm.

4.5 Ip/mm, Scatterer-thickness :
0,2,5,10,15cm.

5.0 Ip/mm and 5.5 Ip/mm, Scatterer-thickn-
ess : 0,2,5,10cm.

6.5 Ip/mm---7.5 Ipfmm. scatterer-thickness :
0,2,5¢cm.
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Fig. 3 Semi-logarithmic plots of MTFs of the
scattered radiation for four-fold magnification
according to thickness of the water phantom(cm)
as a scatterer, when the spatial frequency is kept:
constant. Each line is normalized to the MTF
value when the scatterer is not added.
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Fig. 4 The ahsolute values of gradient as a fun-
ction of spatial frequency for the magnification
ratios of 4,6,8, and 10. Solid curves for four-
and eight-fold magnification and dashed curves
for six- and ten-fold magnification.
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Table 3. Linear apprpximations to the absolute
values of gradients as a function of spatial freq-
uency over the range from 0.5 Ip/mm to 5.5
Ip/mm for magnification ratios of 4,6,8, and 10.
The correlation coefficient, gradient, and inter-
cept are tabulated for each magnification ratio.

Magnification| Correlation | Gradient | Intercept
Ratio Coefficient o re]
1 0.994 0.017 —0.00173
G 0.996 0.011 —0.0005
3 0.997 0.0070 0.0024
10 U L9080 0.0051 0.0029

* The range of spatial frequency is from 0.5
Ip/mm to 5.5 lp/mm.

V. & =
Lo MTT % ffEfyic fuk o o Lo ko
T, R 4 A ARCXEEH A O MTF &

A TXHIE AR R ORANMAIT 5 2 &
NTEDH. TR, BERUD SFD % —%EL L
REHEF OB 2 T n R ik s h
SE DGR CORBBUEL RS S .
BELgo MTF 23D 5113, BEECEGELRS
fixRDd 7 — ) =BT 5H8, AY » PRV

HAESHRHEBF&ER BT BLF

THBC BB RD 7 — V) =EME21T 5
Kk, RO v — FEBAWCTHEL RS CEE L
B0 MTF bbbk 5 HERH 5. EEK
Ao firRd s RETH B, BoHIIL
HREEcH S, Lrl, AV .y MEHWBEE
IR KBRS 0BG, BB & EELRR D S EE R
LELILRBIDFy — MERERALKE, 20k
B3, B ko), 74 v EAF e VEED S A
x, BEELER OB AR BbRS MTF fioiE/E
WEUgcofm S X b MTF [H2VNE Wi T
LR mERE AT AT, £ MTF {En
0.1 ki CcE LS & L Lik.

EERGED D, FEREC W THEA—HRRH—
7 4 v aFRO MTF -7 & &icad, Bl
MTF oA ZbT5EELbh%. 2T, ERX
d o Bl o ELE#R MTF, Se(v, d) 1%,

Se(v, d) =b exp(—a(v)-d) — (4D
LBExEPED., 2T, al) HERE L2T
B e s eh. bk v=0D L &
DIETHBLD B L c5. Hic, Fig. 4 R
Table 3 ERH50.51p/mm D FEH T

Se(v, d) =b exp(— (av+8)-d) — (5)
LhEaEA. b Y RIES(0, d)=1, S(y, 0)=
1 LB Lic B4 b=1, 8=0 L7t 5. b=l,
L=k Zul e &L

Se(y, d) =exp(—avd) — (6)
LET T EAMES.

(RO M Bilio MTF Rb S hicld
W, BHANELAOE S dy L LK, 0 k£
DEEX © MTF So(v, kdy) % #£ 25 = &5 K
. = OTEORGRIL (RO 5k
W

Se(y, kdy) =8:E(y, dy) — (D

Ligh Fl—fERIC 00, BilEo MTF %
o iLigeo MTF »biEHks.

HHY R C 0 BEL RO R FRBCIEC
WcHh, Fo MTF {8 ER c—EE
3L LEbRTWE®®, LaL, Fig 41T
BT X ORERHE aC) OfiEvS Ip/mm {3
BB TS, ik, Fig. 306Ip/mm o



IR 52410 H25H

Bt o, #HELFEIem o F—2 —% AhT
BEEIBCA L 21T >/ a(v) OfEAO0cm O F
— & — &RV TIRORRE L 2T > C{ie a@) ©
LD HREL oA EELLRS. 2T,
(5), (BYR%W7 — VY =7 LT EFE RO
FEN % SEVTRBL T E e, Ra ofEl
R HELRRE S 2 TRBB cRE L& L 7
— ) =R OBRIC ST WBIRE B, L

L, ¥+ FER X5 o HRTix (DR0F |

TR AR BSZ LT b S &R RBLT W
9.

IKEF T T, REOH/NMEREROKEE
## % b L 5.51p/mm P |10 Ip/mm REF To
HFELgR DO MTF Z RdBC L BEL E2bh
5. AEERTI, EREROHK D B> THREMK
A LIz, 6lp/mm Bl Eo#EL# O MTF %
b B TR TR KRR O MTT %
BT 2081555,

VL # @

IERHRE R OB D MTF 1eou THRERIRE
iz ik 2o, WElGEo MTF iz, KR 4145, 6
£, 8ERUIfE W THELGDE E » % %,
W Fo MTFE b B L Ao, BilfR @ MTF
Lz P %k0.5 Ip/mm 7> £55.5 Ip/mm i

969—(3%)

B TIRE B Rl LS.

Z DR O BELHEH A THA RS D% U $isl
Mo MTF b JEX0R5 [Efo MTE %3
LB,

5| Ak

D) S sHE, teAMEfT, R 0 Rk ArEn

B Bt BGEIN KRB, B OREE &k, 36(2)

148—158, 1976.

M)l ke, g AW EUT, ME B

%ok A M o E, HOACE &3k, 37(2)

178—184, 1977.

3) Doi, K. and Sayanagi, KX.: Role of optical
transfer function. for optimum magnification in
enlargement radiography. Japan J. Appl.
Phys., 9(7): 834—839, 1970

4) Morgan, R.H.: The frequency response

function. Amer. J. Roentgenol., 88(1): 175—

186, 1962.

LI MEAEALR 0 TEHRO v AR

Y AWME S X5 i, BOHE G o T, RII

WgE £, Vol. 2:pp. 90--98, 1969.

6) BHEITLA : LB v ARy AMBOWE. ik
GHe o Bf%E, RII pEad, Vol 1: pp.
91—95, 1967,

7) Ayakawa, Y.: Optimal magnification ratio
of direct macroradiography in high magnific-
ation. Nagoya J. Med. Sci., 34(3): 227—240,
1972,

2

—

5

—




