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Properties of Silicon-Based Amorphous Semiconductors

and Its Application to Image Science

Shoji NITTA

Department of Electrical Engineering, Gifu University, 1-1, Yanagido, Gifu 501-11
(Received April 13, 1985)

Fundamental properties of silicon-based amorphous semiconductors are discussed. Application

of these materials to imaging devices such as photo-detectors, xerographic photoreceptors, line sensors

and thin film transistors are introduced. Finally, application of amorphous multi-layers or superlattices

to X-ray reflectors and X-ray lens are discussed.
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The visual perception of image signals in radiography are greatly deteriorated because scattered
radiation causes a low contrast image. The contrast immediately decreases the value of from 1.0 to 0.3
when the content of scattered radiation changes from 0 to 0.5.

In the report, the Wiener spectra were determined by different a content of the scattered radia-
tion controlled field size. Magnitude of the Wiener spectrum at a large field size (300x300mm?) is
lower than those at small (40x40mm?) and slit (4x300mm?) field sizes up to the spatial frequenéy of
10 cycles/mm. X-ray absorption with a screen at a large field size is 0.361 and at a small field is 0.285.

Namely, a lot of X-ray absorption at a large field size leads a low quantum mottle.
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Table 1 X-ray absorption in screen at 100kVp.

Field size Ip -IT' A

300x300mm?| 95.1 | 60.8 | 0.361

40x40 mmd| 36.5 | 26.1| 0.285
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Extended Random Dot Model having Size Distributions of Mottles
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Analytical expressions of average transmittance and transmittance autocorrelation function of
random-dot model which has a size distribution of grain aggregations are presented. The results are ex-
pressed by use of extended random-dot model which has been presented by authors. Numerical illus-

trations of autocorrelations function and Wiener spectrum densities are shown in order to know the ef-

fects of uniform distributions of the radius of grain aggregations.
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Detection of Sinusoidal Signal in Noisy Images
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Human visual performance in detection of signal from noisy image is closely concerned with
spectra of signal and noise. It is necessary for improving the performance of signal detection to investi-
gate relationship of detectability to amplitude and spatial frequency of sinusoidal signals, because a
sinusoidal wave has a single spectrum only. Sinusoidal signals of five amplitude and eight spatial fre-
quencies were generated with a computer. Noise of a screen-film system, a white noise and noise of CT
are also generated from corresponding Wiener spectra, Images of signal-plus-noise and noise were dis-
played on a CRT display of a personal computer. Then ROC experiments were performed for the dis-
played images. Consequently, relationship between a detectability de’ and a sinusoidal signal was ob-
tained for three kinds of noise. On the basis of the relationship a model which relates a detectability
de’ to spectra of signal and noise were constructed. Detectabilities predicted by the model showed the

good agreement to those measured except for lower spatial frequency signals.
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Measurement of Scatter Fractions by Segment Method
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A new method measuring the scatter fraction is proposed. In this method, the seatter fraction

obtain from the ratio of a peak intensity for seg

posed with the total radiation. Since, the used

ment exposed with the primary radiation to that ex-

segment material is very small, the effect such as self

absorption of scatter radiation and decrease of radiation field by disk or chart material can be neg-

lected. Therefore, the correct scatter fraction can
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Fig. 1 Dlustration of measurement of scatter frac-
tion by disk method. The scatter fraction
is defined as the ratio of scatter radiation,
ig, to the total radiation, iy. Where, hfx),
f{x) and g(x) are line spread function, in-
put and output intensity distributions of
segment, and 2d and 2b are width of the
segment and line spread function.
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Fig. 2 Output intensity distributions of small
segment by primary (A) and total radi-
ation (B). ig is peak intensity.
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Fig. 3 Experimental arrangement with exposure
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Development of A Gastric Radiogram Analysis System

by A Small Computer for Personal Use

Shigehiro FUKUSHIMA and Ei UEDA

Department of Electrical Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo, Kyoto 606

(Received March 11, 1985)

We developed previously a software system for gastric radiogram analysis on a large computer to
study the method of extracting the gastric contour from the standing position-anteroposterior image of
a stomach. This system was implemented on a small computer for personal use in order to facilitate
the analysis experiment and to evaluate the processing efficiency. This project began with develop-
ment of an interactive general-purpose image processing system, which is flexible and convenient, in
order to study many analyzing possibilities. The gastric radiogram analysis system was implemented
using this system. This paper describes the outline of the general-purpose system, and then shows how
this system was used in the analysis experiment on gastric radiograms. The gastric radiogram analysis
system takes some time to process a large image, as was evaluated for three different sizes, because the
general-purpose system is software-based and written mostly in FORTRAN. Therefore, the evaluated
time is an upper bound of the process time, which can be reduced by introducing a hardware image
processor. However, in this implementation, we were primarily concerned with experimental ease. This

was achieved by the system developed on the small computer. The processed examples are also shown.
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Fig. 3

Fig. 4 Examples of operation using a macro command.

COMMAND = D-THRS

* DYNAMIC THRESHOLD *
PROCESS(1) OR ABORT(2) 7 1.
SOURCE PICTURE = 1

DESTI. PICTURE = Z

IMAGE SEGMENT SIZE = 9

THRESHOLD AVERAGE = 60.
THRESHOLD COEFF. OF VARIAT. = .2
AVERAGE REPORT(1) OR NOT(2) ? T~
AVERAGE

...printing of 1ist of average density
for each subregion...

ST. DEVIAT. REPORT(1) OR NOT(2) 7 1
STANDARD DEVIAT LON

...printing of 1ist of standard deviation
of density for each subregion...

# THRESHOLD
COMMAND =

(2)

COMMAND = D-THRS.]

* DYNAMIC THRESHOLD *
# THRESHOLD
COMMAND =

(©)

Examples of operation for the dynamic

thresholding. (The underlines indicate

input by the operator.)

(a) Interactive processing.

(b) Fixing the parameter values.

(c¢) Processing with the fixed parameters.

(d) Processing with the fixed parameters
and with display of the parameters.

COMMAND = EDITOR
* EDITOR *

# : 10 TIME

# : 20 INITMT

# : 30 READMT.1
# : 40 RELSMT

# : 50 D-THRS.1
f : B0 SHOCON.

¥ : 170 COKTOR.1
1

=P
* REGIST MACRO-COMMAND *
COMMAND NAME = SPARS

COMMENT PLEASE.
A SYSTEM FOR PATTERN ANALYSIS....
COMMAND =

(a)

COMMAND = MODE
* PARAMETER DEFINITION MODE *
MESSAGE (PARAMETER,F1X)
FI1X=0 : UNDETERMINED
1 : FIXED
2 : LOOP VALUE
#COMMAND = D-THRS.1
* DYNAMIC THRESHOLD *

PROCESS({1) OR ABORT(2) 7 ( 0,0) 1,1
SOURCE PICTURE = { 0, 0) 1.1

DESTI. PICTURE = { 0.0) ZI

IMAGE SEGMENT SIZE = ( 0, 07 9,1
THRESHOLD AVERAGE = (0.0000000  , 0 ) 60.0,]

THRESHOLD COEFF. OF VARIAT. = {0.0000000 , 0)
AVERAGE REPORT(1) OR NOT(2) ? 0,0)
ST. DEVIAT. REPORT(1) OR NOT(2) ? (

JCOMMAND = MODE.1
* RUN MODE *

COMMAND =

(b)

COMMAND = MSSG
FIKED PARAMETERS AND CORRESPONDING MESSAGES
WILL BE PRESENTED.

COMMAND = D-THRS.1
 DYNAMIC THRESHOLD *

PROCESS(1) OR ABORT(2) 7

SOURCE PICTURE = ( 71

DESTI. PICTURE = ( 2,1

IMAGE SEGMENT SIZE = ( 9

THRESHOLD AVERAGE = (60.00000

THRESHOLD COEFF. OF VARIAT. = (

AVERAGE REPORT(1) OR NOT(2) 7 (

ST. DEVIAT. REPORT(1) OR NOT(2)

( 1)

0

, 1)

0.2000000
211

il 2

# THRESHOLD
COMMAND =

(d

COMMAND = SPARS
REAL TIME CLOCK
WILL BE PRESENTED.

16:56: 5

* MTO INITIALIZED *

16:56: 6

* LOAD FROM STANDARD FORMAT MT *
IMAGE NUMBER = 0

IMAGE TOO LARGE ---
SAMPLE(1) OR QUIT(2) 7 1
LEFT-TOP CORNER : I,J = 1,1
PITCH = 4
AGAIN(1) OR NOT(2) ? 2
16:56:43

* MTO RELEASED *
16:56:44

* DYNAMIC THRESHOLD *

# THRESHOLD
16:57:56

* SMOOTH THE (0-1) IMAGE

(no input operation here)

17: 0:30
* EXTRACT CONTQUR
OUTPUT FILE NAME = CONT.Z
START POINT OF SEARCH = 38 4
17 0:49
COMMAND =

(The underlines indicate input by the operator.)

(a) Defining a macro command.

(b)

(b) Processing by a macro command with fixed parameters.

251

2,1
0,0) 21

. 1)
1)
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Fig. 5 Processed examples.

(b) The largest connected component.
(c) The skeleton.

(d) The result of the thinning.

(e) The gastric contour and the axis.

(a) The result of the dynamic thresholding.
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Table 1 Examples of the process time.

image size

routine 64x64 128x%128 256%256
R1 0.4 min 0.9 min. 2.3 min.
R2 0.6 159 6.8
R3 L7 4.3 40.6
R4 352 10.6 51.2
RS 0.2 0.5 1.3
R6 1.5 3.9 134

R7 0.2 100 3.6
R8 0.6 2T Jif
R9 0.8 2.3 7.3%
R10 0.8 2l S5.1%
total 10.0 41.2 263
R1-R5 6.1 18.2 102.2

Note: The figures marked with * include about
1.7 min. for human intervention.
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Table 2 Examples of the process time for general-
purpose algorithms.

COMPUTER & imdge size

function 64%64 128x128 256x256
NOVAOL

linear transform 11 sec. 3.7 min.
statistics 11 39 sec. 2.6
histogram 13 34 5 L
distance transform 10 49 33
labeling 28 3.0 min. 17.3
thinning 54 11.0 105
Walsh transform 235
Haar transform 14.5
slant transform 27.0
Fourier transform 96 8.5 43.5
NOVA3/D

Fourier transform 45 4.1 19.0
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