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Density-Exposure Converting Curves and Micro-Blackness Characteristic

in Radiological Domain

Suguru UCHIDA *, Du-Yih Tsar* and Katsuyuki KojiMA**

* Department of Electrical Engineering, Faculty of Engincering, Gifu University,
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(Received July 23, 1984)

In radiological domain, the use of the H&D curve for conversion of a line-image density trace to
the line spread function (LSF) is a common practice when the modulation transfer function of a sys-
tem is measured using the slit method. The obtained LSFs are to be independent of density, if the H&
D curve and line-image density distribution are measured by a well managed microdensitometer. How-
ever, if scattered light is introduced in to the measuring field of a microdensitometer while density
measurement is being made, then density dependence of the LSFs may appear. This paper attempts to
eliminate the trouble of density dependence. As a countermeasure, we develop the Uchida’s curve in
place of the H&D curve used for density-exposure conversion. By this means, the density dependence
of the LSFs can be removed and the LSF values can be very close to the real ones, even if scattered
light or unwanted light is present. Furthermore, a simple and highly reproducible pre-exposure tech-
nique instead of the multiple slit exposure and exponential extrapolation of the LSF tail used for the
correction of truncation error is applied. The obtained result has encouraged us to pursue the estab-

lishment of this countermeasure and the generalization of the consensus of opinions.
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Table 1 Half-value widths of the LSFs.

A . Field-s1it S1it image Peak HVW* of the LSF HVW* of the LSF
Microdensitometer .4y (pm) No. density using H&D curve (ym) wusing U curve (um)
Fuji prototype 10 1 1.5 132) 130
10 2 1.38 128 126
10 3 1.76 132 »averaged value 132 }averaged value
10 4 2.30 135 133%% 136 132
10 5 2.75 138 | 138
500 1 1.0 122) 123
500 2 1.37 126 123
500 3 1.65 151 raveraged value 126 p averaged value
500 B 1.93 17 156 132 126
500 5 2.25 210 | 126 )
Sakura PDS-15 10 1 1.24 98 124
10 2 1.50 102 128
10 3 1.94 112 taveraged value 126 averaged value
10 4 2.42 112 113 121 124
10 5 2.81 140 120
500 1 1.08 104 120
500 2 1.32 104 124
500 3 1.68 112 raveraged value 124 Faveraged value
500 4 2.16 110 112 122 123
500 5 2.54 130 124

* HVW = Half-value width.
** The value is regarded as real half-value width of the LSFs.

Table 2 Values of the LSFs at various distances from the center,
measured by Fuji prototype microdensitometer.

Width of Distance from Curve used Value of the normalized LSF
field slit  the center of for Slit Average
(pm) the LSF (mm) conversion  image No. 1 No.2 No.3 No.4 No.5
10 0.054 H&D 0.578 0.568 0.590 0.600 0.595 0.586**
U 0.586 0.560 0.583 0.570 0.595 0.579
0.108 H&D 0.252 0.234 0.234 0.280 0.271 0.254**
u 0.245 0.235 0.244 0.226 0.257 0.241
0.162 H&D 0.107 0.114 0.138 0.157 0.154 0.134**
u 0.117 0.135 0.140 0.163 0.184 0.148
0.216 H&D 0.060 0.045 0.060 0.073 0.083 0.064**
u 0.052 0.067 0.063 0.080 0.093 0.07M
500 0.054 H&D 0.534 0,627 0.643 0.759 0.796 0.672
U 0.551 0.577 0.559 0.583 0.565 0.567
0.108 H&D 0.239 0.247 0.333 0.380 0.495 0.339
U 0.256 0.231 0.255 0.236 0.245 0.245
0.162 H&D 0.101 0.114 0.129 0.181 0.253 0.156
u 0.107 0.115 0.121 0.119 0.118 0.116
0.216 H&D 0.052 0.064 0.077 0.102 0.130 0.085
] 0.046 0.058 0.060 0.062 0.058 0.057

** The values are regarded as real values of the LSFs at various distances from the center.
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Table 3 Values of the LSFs at various distances from the center,
measured by Sakura PDS—15 microdensitometer.

Width of Distance from Curve used Value of the normalized LSF
field slit  the center of for STit Average
(um) the LSF (mm) conversion  image No:1 No.2 No.3 No.4 No..5
10 0.054 H&D 0.496 0.493 0.561 0.559 0.650 0.552
u 0.565 0.591 0.596 0.565 0.556 0.575
0.108 H&D 0.166 0.188 0.239 0.275 0.3 0.236
u 0.252 0.240 0.265 0.239 0.232 0.246
0.162 H&D 0.086 0.087 0.096 0.136 0.168 0.115
U 0.109 0.128 0.138 0.117 0.139 0.126
0.216 H&D 0.039 0.038 0.043 0.054 0.099 0.055
U 0.048 0.060 0.072 0.053 0.064 0.059
500 0.054 H&D 0.485 0.491 0.536 0.519 0.583 0.523
u 0.571 0.561 0.561 0.594 0.567 0.571
0.108 H&D 0.125 0.168 0.214 0.236 0.283 0.205
U 0.244 0.243 0.250 0.282 0.270 0.258
0.162 H&D 0.070 0.088 0.114 0.113 0.118 0.101
U 0.137 0.138 0.142 0.158 0.132 0.14
0.216 H&D 0.030 0.035 0.062 0.047 0.047 0.044
u 0.058 0.060 0.071 0.080 0.075 0.062
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Evaluation of Images by Using Sequential Dependency
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Evaluation of images by means of recognizability, which is independent of the techniques for
physical image evaluation so far being used, is proposed. This evaluation method can be defined by
extending one-dimensional sequential dependency in information theory to two-dimensional one. The
present paper defines the strongness of sequential dependency and the magnitude of recognizability.
By making use of this recognizability, quantitative evaluation of those images which may not be ra-
tionally evaluated by the conventional physical evaluations, such as modulation transfer function and

Wiener spectrum, became possible to be made.
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Fig. 1 Three photographs of blocks having differ-

ent sizes. (a) large, (b) medium and (c)
small.
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Fig. 5 A photograph of a specimen for the sur-
face cancer of esophagus. The upper
square-framed portion is normal tissue,

while the lower one is abnormal tissue (mp).
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Fig. 6 Calculated results of sequential dependen-
cies for the normal and abnormal tissues
shown in Fig. 5.
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This paper proposes some advanced data acquisition methods for the quantitative single photon

emission CT. One example of such methods is the odd number angular sampling method over 360 de-

grees for a widely distributed object, and the other is fine angular sampling of 180 degrees for a local-

ized small object. The image quality thus obtain such as the spatial resolution and the signal to noise

ratio becomes better than that reconstructed from the conventional conjugate projection data. The re-

construction technique used in computer simulation is the iterated correction matrix method, but oth-

er techniques are also applicable. Comparison between the weighted back projection method and the

correction matrix method is also presented.
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Fig. 2 Simulation Model
(A) Distribution of attenuation coeffi-
cients
(B) Distribution of source

Table 1. Distribution of source activity and

attenuation coefficient in fig. 2.

(1) Source activity

(A) Initial of C.M.
(B) Initial of W.B.P.

object activity size in pixel position
major axis minor axis (x,y)
- A 1 a 12 {12, o)
B 6 6 8 (12, 0)
[ 10 ] 3 (12, =3)
o 1 1 1 (12, 5)

(2) Atteruation coefficint tr.-n-lll
object Att. co. size in pixel position
major axis minor axis (x,y)
A 0.15 23 30 { o0, 0)
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Fig. 3 Reconstructed images by C.M. and W.B.P.
methods without noise

(C) 3 cycles of C.M.

(D) 3 cycles of W.B.P.
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Fig. 5 Simulation Model
(A) Distribution of attenuation coeffi-
cients
(B) Distribution of source

Table 2. Distribution of source activity and
attenuation coefficients in fig. 5.

(1) Source activity

object  activity size in pixel position
major axis minor axis (x,¥)

A 2 9 12 (12, 0)
B 6 7 9 (12, 0
c 2 2 3 (14, -1)
] 0 1 1 ( 14, -86)
E 0 1 1 (11, -7
F 0 1 1 ( 9, -5
G 8 2 2 {11, 4)
H 10 2 2 « 9% 0
1 10 1 1 ( 14, 6)
3 10 1 1 (16, 4

(2) Attenuation coefficients (em 1)

sbisct Att: wo; major :::: inuf:::’.azis pt::;?on
A 0.15 23 30 { 0, 0)
B 0.0 11 8 ( -5,-16)
[ 0.30 4 4 (=15, 0)
D 0.0 12 8 ( -4, 16)




Fig. 5 —AIRT L i, B EMEEE LR
FEEAHEEAL, RROBE S0, (BIRT L

S, MhbWwEy PRAEy PEI—WFRAF o b

A OME Ao H 1. (Table 2) B AR,

WEd AEEaE LT, 36088300, FEXHDE;
36029 M AEEZ Tz, FhEhDH
g AFig. b ITRT . (ADS, /A4 X1 L THEE

&L LT,

B84, (B, /4 XL CEdmoEE, (Ch,
) A ZEESAUEOES, (DM, /4 X E2EAH

HEDBETH S, / 1 XIRRETEHHIS0H

LB LEHIKEEL. HERTHbMELIIC,

FERETERML o7 — 2 D S EE L PR

Fig. 6 Reconstructed images by the odd and

even number methods

(A) 30 directions over 360 degrees
without noise

(B) 29 directions over 360 degrees
without noise

(C) 30 directions over 360 degrees with
noise

(D) 29 directions over 360 degrees with
noise

Total counts is about S00K.
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Table 3. Distribution of source activity and

attenuation coefficient in fig. 8.

(1) Source activity

object activity size in pixel position
major axis minor axis (x,y)
A 1 12 8 (12, 0)
B 3 8 6 iz, o
C 10 2 2 (15, 0)
3} 1 1 1 (7, 0)
(2) Attenuation coefficient (cn_ll
object Att. co. size in pixel position
major axis minor axis (x,y)
A 0.15 28 16 {0, 0)

(R) ORIGINAL IMAGE

&

¢C) 99/360 MWITH NOISE D) 198/180 WITH NOISE

Fig. 9 Reconstructed images by the odd, even

and 180 degrees number methods

(A) Original image

(B) 100 directions over 360 degrees with
noise

(C) 99 directions over 360 degrees with
noise

(D) 100 directions over 180 degrees with
noise

Total counts is about 460K.
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