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An Approach to Optical CT using the Low Coherence Interferometry
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Recently, remarkable attention is focused on the low coherence interferometry in order to
realize visualization of thin sections of biological tissue. In our experiment, a specific low
coherence interferometer was developed to evaluate quantitatively the spatial resolution of the
detected image of a fine test pattern. It was then found that the resolution was nearly 10 #m
along the depth and <10 # m in the cross section. Moreover, in actual optical CT, it is necessary
to determine as precisely the dimensions of a biological tissue as possible. To do this, the
refractive index n and thickness tof the biological tissue should be measured simultaneously.

We proposed and developed a new technique for simultaneous measurement of nand ¢based
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on the low coherence interferometry. The detail will be described in this paper. Recent

activities of there methods for optical CT are also presented.

keywords : optical CT, low coherence interferometry, biomedical optics
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In the previous paper, we proposed a psychophysical RMS granularity o, for the evaluation

of radiographic mottle [J.Photogr. Sci., 43, 103 (1995)]. Moreover, we found that the density

Vol.14 No.2 (1997) —83—



dependence of psychophysical Wiener spectrum W;( v ) at the frequency near 2.0mm™" has a

good correlation with that of o,* [J.Photogr. Sci., 44, 89(1996) ].

In this paper, we supported the validity of 0, by comparing with the subjective rating result

for additional three medical X - ray films having the different characteristics, and we found

more accurate equivalent spatial frequency between W,( v ) and o .%.

The equivalent

frequencies were 2.0 ~2.2mm ' on 8000 Im * m~* viewer and 1.6mm™"' on 1500 Im * m™* viewer.
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Fig. 1 The physical Wiener spectrum W(v)
at an average density of 1.0 for Fuji
SHRS film combined with a Fuji HGM

screen.
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Fig. 3 The density Ddependence of the
Selwyn granularity coefficient S
calculated from equatation (4) for the
three typical X - ray films studied.
Values of S at the densities of 0.6, 1.0,
1.5, 2.0 and 2.5 are marked by circles.
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Table 1 Five average densities Dof 0.6, 1.0,
1.5, 2.0 and 2.5 arranged in
descending order of Selwyn coefficient
S (first row), psychophysical RMS
granularity o, (second row), and
perceptibility decided by subjective
rating s.r. (third row).

(@B0001 -0 * 15001807
order of density order of density
filmobject 1 2 3 4 5 filmobjert 1 2 3 4 5
§ 1.5 L0 0.6 20 25 § 1.5 1.0 0.6 20 25
SHRL @, 1.0 0.6 1.5 20 25 SHRL o, 0.6 10 L5 20 25
5T 1.0 0.6 1B 20 25 sr 0.6 L0 L5 20 25
S L5 L0 20 0.6 25 § L9 L0 20 0.6 25
SHRS @, 1.0 0.6 L5 20 25 SHRS o, L0 0.6 L5 20 25
sr 10 0.6 L5 20 25 sr L0 0.6 L5 20 25
s 1.5 20 1.0 25 0.6 § L5 20 1.0 25 0.6
SHRA ¢, L0 L5 0.6 20 25 SHRA e, 1O 0.6 15 20 25
sr 1.0 L5 0.6 20 25 sr L0 06 L5 20 25
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Fig. 4 The spatial frequency dependence of
the minimum perceptible contrast
A Dain( V) which was taken from our
previous paper. ‘"
The viewer luminous exitances (a)
8000 Im+m™*, (b) 1500 Im+*m~*.
The parameter is the average density
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Table 2 Correlation coefficients between W,
(v)and o, over the density range of
0.6 to 2.5 with 0.01 interval. The viewer
luminous exitances are (a) 8000 Im+m"~
and (b) 1500 Im-m™*.

2

correlation coefficients
film spatial frequency (a) 8000lm'm * (b} 1500lm*m ‘
(mm ")

1.4 0. 9892 0. 9991
1.6 0. 9902 0. 9997
1.8 0.9943 0. 9993
SHRL 2.0 0. 9988 0. 9971
2.2 0. 9996 0. 9921
2.4 0. 9973 0. 9894
2.6 0.9921 0. 9805
1.4 0. 9785 0.9888
1.6 0. 9831 0. 9995
1.8 0. 9906 0. 9981
SHRS 2.0 0. 9965 0. 9962
2.2 0. 9994 0.9923
2.4 0.9973 0. 9890
2.6 0. 9884 0. 9808
1.4 0.9782 0.9972
L6 0. 9905 0. 9994
L8 0. 9966 0. 9991
SHRA 2.0 0.9993 0. 9984
2.2 0.9978 0.9933
2.4 0. 9895 0, 9891
2.6 0.9742 0. 9764
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Direct LSF measurement of the intensifying screen
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The aim of this study was to review the basic points in the LSF measurements of the
intensifying screen by MIC system(Microscope - Image intensifier - Charged coupled device -
system ). The results obtained were as follows :

There was a significant difference between the LSF calculated from the intensifying screen
film combination and LSF obtained directly from the MIC system. The LSF obtained from the
MIC system was much sharper. In the case of LSF measured for the combination of the
intensifying screen and the film, multiple light reflection of the fluorescence occurred in the
space between the intensifying screen and the emulsion layer of the film, and it is deduced
from experiments that this contributed greatly to the impairment of sharpness. Controlling

this phenomenon enables development of new system that will satisfy the opposing factors of
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high sensitivity and sharpness of the intensifying screen film combination.

Key words : MTF, LSF, Direct LSF measurement.
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Table 1 Experimental apparatus and materials

Y-ray apparatus  DRX-190D DC-12M(Toshiba Co.)
Tube voltage 80KV
current 100~400mA
Total filter lmmCut5mmA |

Effective energy G6keV

Screen SRO-750Front (Konica Co.)

Film SR-L

Dosimeter ndh 1015 Type C (Radcal Co.)
Chamber 10X5-6

11luminance meter IM-3

Microdensitometer PDM-5B (Konica Co.)

aperture 5X750 um’

Slit (10 um) 07-624 type (Victoreen Co.)
Straight bench FFD 100~T700cm
Film processing Processor SRX-502 (Konica Co.)
Developer XD-SR-C
Fixer XF-SR+C
(Konica Co.)
1st C D 2dC  F
| |
& L
| ) |
LT LI

I
'
'
' TT TT
'
'
i

- T ————————»

Fig. 1 Schematic diagram of X - ray
irradiation straight bench
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Fig. 2 Shematic diagram of MIC system
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Fig. 3 MIC(microscope - image intensifier -
charged coupled device) system
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Fig. 4 Linearity of the MIC sysytem
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Fig. 5 Shading of the MIC system
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Fig. 6 Impulse response of the MIC system
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measured by the MIC system
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We have been developing a computer -aided diagnosis(CAD) system for detecting
clustered microcalcifications and masses on digital mammograms. In our recent study, we
found that the automated breast - region - extraction algorithm used in this CAD system was
not accurate sometimes when we increased the database and tested many mammograms. This
algorithm was based on the breast - border determination technique. The purpose of this study
is to modify and improve this technique and also to test it by increasing image data. In our
revised technique, the weight of the location information of breast border and the

differentiation of the image density profile were included, and the location of breast region on
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the film and the number of breasts imaged on the same film were also considered. The new

technique was succeeded in the extraction of the breast region in 728 cases(98.8%) out of 737

mammograms obtained from 8 different facilities.
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Fig. 1 An example of a digitized mammogram.
Image density profiles along dashed
lines A and B are shown in Fig. 2(a)
and (b), respectively.
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Fig. 2 Image density profiles corresponding
to dashed lines A and Bin Fig. 1are
shown in (a) and(b), respectively.
The locations of maximum pixel
value, breast border and breast region
determined with our old technique are

shown by arrows.
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Fig.3 The breast border determined with
our old extraction algorithm is
shown by overlapping on the

mammogram in Fig. 1.
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Fig.4 Animage with a pectralis muscle
area (a) and a profile (b) along with
a dashed line shown in (a).
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Fig.5 New technique for breast border

determination. (a) is the same
profile as shown in Fig. 2(b). D in
(b) stands for the decision value
defined by eq. (1), which includes
the weight of the location
information of breast border in
addition to the pixel value
(squared), for determining the
position of maximum pixel value
near the border.
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The image profile (a) in the case
that an ID label exists extremely
near the breast border. In the new
technique, differentiation value of
the profile (a) is considered to find
the location of the maximum pixel
value near the border, as shown in

(b) .
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Fig.7 The breast border determined
correctly with our new extraction
algorithm is shown by overlapping

on the mammogram in Fig. 1.
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Table 1 The performance of our new algorithm for
many databases obtained from 8 different
facilities (A - H)

Database A B C D E F G H Total

Success 279 21 27 10 20 208 98 65 728

Failure o o 5 0 2 0 2 0 9

Total 279 21 32 10 22 208 100 65 737
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