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Single Exposure Sensitometry for Radiographic Screen-film System
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Abstract : Sensitometry methods needed plural times of X-ray exposure, and it was necessary

to monitoring X-ray intensity between exposures. Single exposure was desired to sensitometry

for the radiographic screen-film systems. We developed a sensitometry method for the radio-

graphic screen-film systems with single exposure in which two stacked screen-film systems,

ingenious use of K absorption edge and the integral method for sensitometry were used. Then

a characteristic curve obtained by the new sensitometry method was compared with these ob-

tained by other methods, validity of the new method were confirmed.

Key words : single exposure, sensitometry, radiographic screen-film system, K absorption edge.

the integral method for sensitometry
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Abstract : The main idea used in the scheme is the modification of conditional probabilities at
cross points which are neighbor points around points of gray levels 2. Moreover, the com-
pression ratio is also improved by gray code transform and by the gray transformation. Gray
code transform is useful for coarsely encoding bit-planes from image decomposition, and the
gray transformation decreases the gray levels used in histogram. In order to adapt the condi-
tional probability to the variation of gray level, we have to use an algorithm which is with
the processing form of “First In First Out”, that is Jones’ method. This algorithm and the
ideas above applied to lossless compression, especially to coding medical images which are
available to the diagnosis. Applications to lossless medical image compression and cryptogra-
phy are suggested.

Key words : bit-plane decomposition, arithmetic coding, long source sequence, cross point, and

gray transformation.

1. INTRODUCTION

A very long source sequence with almost un-
limited length is very popular, we can see it eve-
rywhere, it is data of voice, video, medical image
and so on. On account of the amount of data be-
ing large, it needs to be coded for storing or
transmitting. Images. not medical images, permit
the lossy compression, but medical images require
high quality to avoid erroneous diagnosis. There-
fore, further developments for lossless coding are
important.  Our scheme presents some ideas to
carry out this.

Lossless coding scheme for medical images con-
sists of three ideas used in Jones's coding method
[1], those are the modification of conditional
probabilities at cross points, Gray code [2.3], and

gray transformation [4]. Cross points are neighbor
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points around points of gray levels 2/, they have
an important property, that is bits of cross points
being on different bit-planes, therefore it is appro-
priate to decomposing image into bit-planes : more-
over, after using Gray code transform [2.3], the
run-length of these bits increases, this is the base
to modify conditional probabilities of cross points,
these probabilities need to be changed adaptively
to get high compression ratio. An another idea to
be considered as a preprocessing is gray transfor-
mation [4] ., we can use it to decrease the dynamic
range of gray-scale by analyzing the histogram of
image, this transformation is used before encoding.

Furthermore, after we decompose the image into
bit-planes, these bit-planes are arranged in order
from the most significant bit-plane to the least, we
have a very long source sequence of bits. It is

known, an arithmetic coding uses floating-point



number to encode data, but it exists a serious dis-
advantage [5], especially for a very long source
sequence [6,7] if we want to code it as a single
codeword because the length of registers used is
limited.

Jones [1] presented coding and decoding algo-
rithms in which he used the concept of “fre-
quency”, this idea helps to solve the practical
problems of implementation of a “First In First
Out” coding system, especially we can use integer
number in the algorithm to code arbitrary source
alphabets, source probabilities and others.

In fact, the algorithm used the probabilities of
symbols to compute their frequencies, this is a
small disadvantage of this method because the
probabilities are not whole numbers, so the proc-
ess of computing probabilities and frequencies has
approximate calculations. This problem can be
avoided if we use the quantity of appearance of
symbols to calculate their frequencies instead of
their probabilities. And the quantity of appearance
is always integer.

Coding a long source sequence of medical im-
age is a complicated process, so the main aim of
this paper is only to present three main ideas
used in Jones’ algorithm and a supplementary idea
to this algorithm. This paper consists of five sec-
tions, the first is this introduction. Section 2 men-
tions three ideas used in the scheme. In section 3,
Jones” method for coding long source sequences
and the improvement over it are presented, those
are used to compress medical images after these
images are decomposed into bit-planes. In section
4, we present our current results compared with
some another results; and section 5 is the conclu-

sion and the scope for the future research.

2. GRAY TRANSFORMATIONS AND CROSS
POINTS FOR ENCODING LONG SOURCE
SEQUENCES

2.1 Gray code
The gray levels of an m-bit gray-scale image
can be represented in the form of the base-2

polynomial
a1 2" a0 270+, L Fa 2'tay 2° (1)

Each bit-plane is numbered from 0 to m-1 and is
constructed by setting its pixels equal to the val-
ues of the appropriate bits or polynomial coeffi-
cients from each pixel in the original image. The
m-bit Gray code g, ,...g.2,g, that corresponds to

polynomial (1) can be computed from

g=a D an 0<i<m-2 (2)

8,1 = w1
and its decoding is from

a=a+ @ g from a to a (3)

1= 8y

Here, @ denotes the exclusive OR operation. This
code has the unique property that successive code
words differ in only one bit position. Thus, small
changes in gray level are less likely to affect all
m  bit-planes.

Moreover, this small variation can be seen
clearly by the appearance of bits of adjacent pix-
els on the same bit-plane, the transition will be
fewer than before using Gray code. This property
makes bit-planes which are obtained by using
Gray code have a good property, that is run-
length of bit | becoming longer. For example, let
us investigate 4 adjacent pixels on the same row

of an image with gray levels of 124, 127, 129 and

2 FH W e e 2 e el



131, their natural binary codes are corresponding to
OLLTT100, O1TEELIL, 10000001, and 10000011 :
their Gray codes correspond to 01000010, 01000000,
11000001, and 11000010. We can see the same
appearance of bit states (0011) on the 7th bit-
plane with both of two code types, but we have
bit states of 1111 on the 6th bit-plane with Gray
code and 1100 with natural binary code, similarly
for another bit-planes. The appearance of the same
state of bit leads to the realization of high com-

pression.

2.2 Gray transformation

With an image of m-bit, each pixel in the im-
age can have a gray level from 0 to 2"-1, but ac-
tually, there are some gray levels not being used,
so the dynamic range of gray-scale in some im-
ages is not large. Therefore, Wang [4] presented
this transform. By computing histogram, we know
how many gray levels exist in an image. Suppose
that the gray levels are ..., Iy, where 1<l if
i<j, and N is the number of gray levels used in
image. Usually, N is not equal to 2" for an m-bit
image, if we denote K =2" then N<K. In this
case, we can take a gray transform. The index n
(n=0,..., (N-1)) is used as a pseudo gray level
instead of |, after canceling gray levels that have
the value of zero in the histogram table.

That means

pelx, v)=Glglx v)]

=n if glx, y)=i (4)

where (x, v) is the coordinates in the original im-
age, g(x, vy) is the original gray level of the pixel
(x, v). pg(x, v) is the function presenting the
pseudo gray level at the pixel (x, y).

There are three advantages in coding the image
that is transformed by pg(x, v). The first is that

the maximum prediction error is N-1. not 2"-1 so
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fewer codewords are required in DPCM, and the
run-length of zeros increases in most significant
bits. The second is that the frequency of the
small absolute prediction errors might be increased
since some large prediction errors might be
merged to small ones. This helps to reduce bit
rate both in DPCM and bit-plane coding. And the
last is that the average length of the codeword is
decreased, so the compression ratio increases.

The average length of the codeword is defined by

th

N-=1
L= L) PAI), (

=0

where L(/) is the number of bits used to repre-
sent each value of gray level [ being with prob-
ability Pd(l).

The average number of bits required to repre-

sent each pixel of an original m-bit image is

L..=log, K
=log,2"=m (6)

After (4) is used, the average length of the

codeword is
L'w.=log, N (7)

so we can see with N<K . then L',<Li,.
At that time, the compression ratio after using

this procedure 1is

Cri=Lavg [L s
=log, K /log, N (8)

Since N<K, the compression ratio is improved.
The relation (4) between gray levels and their in-
dexes has to be stored in the form of table for
decoding.

In detail, we estimate the image of Zelda in
Fig.3e, this image is of 256 gray levels and the
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dimension is 256>256, but in fact, it only uses
120 gray levels, for example, we have its histo-
gram table in Fig.1.

After canceling the gray levels quantities of
which are zero in the histogram, we have the re-
lation between gray levels and new indexes that

are called pseudo gray levels as in Fig. 2.

2.3 Determination of cross points and their
probabilities

The distribution of gray levels is not uniform in
an image, this leads to divide the image into
some areas which have different statistical proper-
ties, we have boundary areas between these areas.
Consequently, we employ occurence probability of
bit 1 or bit 0.

2.3.1 Cross points

Let us investigate each row of an image, we
can see that adjacent pixels which are of different
gray levels are points which determine boundary
areas, the probabilities of bits that code gray lev-
els of every pixel on these areas are changed

much. But here we only notice cross points that

are at gray levels of smaller and greater than 2,
that means 128, 64, 32, ....1, because these points
have properties corresponding to the process of
decomposing image into bit-planes. Binary codes
of gray levels of these cross points have the tran-
sitions from bit 0 to bit 1 or inversely from bit |
to bit 0 between neighboring pixels. For example,
two neighbor points of gray level of 127
(OL111111B) and 129 (10000001B) have the tran-
sition at the most significant bit (from 0 to 1) by
the gray level 128. This transition presents the
change among neighbor pixels. so the probability
of bits changes much in these areas more than in
another areas.

Therefore, cross points around pixels of gray
levels 2'(i=m-1 to 0) in an m-bit image need to
be noticed for computing probability. In the fol-

lowing section we will mention this problem.

2.3.2 Probability of cross points

From section 2.1, we can see that after decom-
posing images into bit-planes, bits of cross points
around pixels of gray level 128 are able to be |
on the 6th bit-plane and this ability is larger than
bits on non-boundary area. Similarly, we can see
easily that bits of cross points around points of
gray level 128 are able to be 0 on the 5th bit-
plane, and bits of cross points around points of
gray level 64 may be 1 on the 5th bit-plane,
these bits may be 0 on the 4th bit-plane, and
similarly for cross points of gray level 32, 16, ...1.
So when we estimate bits corresponding to these
cross points, we need to change their probabilities
from the original probabilities that correspond to
non-boundary areas. The impact of cross points on

these probabilities is presented by the following

rules :
Rule 1-1:P(1/.)=P(1/.)+3P(0]...) (9)
Rule 1-2: P(0/...)=P(0/..)—BP(0/...) (10)

[)*J” "mf% |H Hi ..I"] i\+ m..



Rule 2-1: P(1/.)=P(l1/..)—BP(1/.) (11)
Rule 2-2: P(0/..)=P(0L.)+FP(1/..) (12)

where P(1/..)+P(0/.)=1 and P(/..) is the con-
ditional probability of current bit with neighbor
bits by the rule of Markov series [8], 3 is a co-
efficient representing the change of probability
from the original value, it is small and determined
by practice, and this problem is being researched,
for example, we get 5=0.2 for coding Fig.3e,
image of Zelda.

3. CODING SYSTEM FOR LONG SOURCE
SEQUENCE

Let us assume a source alphabet A, to be A=
la, @ .. a). with ¢ different symbols of a
zero-memory information source, each symbol a is
with a probability P; and a quantity of appearance
N. Let B be the code alphabet, B= {bi, b, ..,
b}, with d different symbols b, let a be the
string of an arbitrary sequence of symbols that
represent the concatenation of the string symbols.
Each massage of source sequence ajaqe..d, oOf
length n is corresponding to a codeword bjbe..by
which is a code sequence of length /. The nota-
tion a, and b, represent literal symbols from the
arbitrary source and code alphabets for which the
code is to be defined. The probabilities P, are real
numbers, the appearances N, are integers.

Jones defined a cumulative frequency table F
where F, is computed by

F= L0<i<ec (13)

I<ji<i

%+il Z P;

The function [x| is defined as the greatest integer

less than or equal to x, where x is a real number,

F,=0 and F.=u, u is the scale factor that is
mentioned below.

Here is the code generation procedure to exact
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arithmetic manipulation of integers for avoiding
any inaccuracy which might be introduced into the
algorithm by indiscriminate use of floating-point
calculation. So at present, we have to accept an
approximation for computing F; by using prob-
abilities P; that are real numbers which are ap-
proximated. In this procedure the scale factor u
that effectively converts a real probability to a
frequency rate per u source symbols. This scale
factor u can be chosen to avoid the rounding ef-
fect.

In fact, after the process of counting the quan-
tity of appearance of source symbols we have a
set N= [Ny, Ne ..., N.}, with 0<N<u, and with
some simple operations we can see that the equa-

tion (13) becomes

F=>'N, 0<i<e (14)

l<j<i

So the procedure to compute F; is not an ap-
proximate calculation and »n is the number of
source symbols in this case, but in some cases if
we already had the probabilities P, we could use
(13), not (14), to calculate F. And if we use
(13), we have to choice the scale factor u appro-
priate to the values of the probabilities P.

The basic principle of source coding scheme is
that both upper and lower limit of the interval
corresponding to the string « are represented by
three function X(a), Y(a) and L(a). L(a) is in
the component of exponent -L(a)-w by which the
base d is raised to give a scale factor. X(a) and
Y(a) represent the position and width, respectively,
of the interval, they are integers, and converted
into fractions by the scale factor d*“"™.

With the initial conditions

X(€)=0, Y()=d"*, LE)=0 (15)



(d) @ 0

(h)

Fig.3 Example of images. (a)Couple, (b)Mandrill, (c)Lena, (d)Girl, (e)Zelda, (f/Moon, (g)Chest, and (h)Joint.
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X. Y and L are defined recursively by the fol-
lowing equations (16), (17) and (18):

Xlaa,) = (X(u}+ {(Y(n:)F, ,/u)+%J )d* (16)

Yaa)= ({(Y{all“, /u)+% J B [(Y(rr}F, _,/u)-f-%J )d’
(17)
L{aa)=L(a)+s (18)

where @a, is an extended sequence the interval
limits of which are derived by a mapping of the
new symbol a, onto the previous interval based on
the cumulative frequency table, s is the integer

for which
d'<Y(aa)<d""' (19)

The parameter w is used to present the width of
an interval by Y(a), it effectively determines the
number of d-ary digits of precision because in the
floating-point terms the scaling by d' in (17) to
satisfy (19) is equivalent to a normalization of Y

() to w1 d-ary digits.

4. RESULTS ON LOSSLESS COMPRES-
SION OF SOME IMAGES

In order to verify the effect of the ideas used
in Jones’ method, the images designated in Table
1 are used, the results of their coding and the
control results [9] are also presented. We can no-
tice the image of Lena, Fig.3c, if our algorithm

is used for coding it, the compression ratio is

1.70342 : 1, while the control result [9] is 1.55:1,

the control result [4] is 1.65741: 1.

Besides that, we also applied the ideas men-
tioned on other images, and Table 2 presents
these results [10].
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Figs.3a, 3b, 3c are with the dimension of
512X512, Figs.3e, 3f, 3g are with the dimension
of 256256, Fig.3d is 576 X720 image, Fig.3h
is at the dimension 400>x512. All of them are of
256 gray-levels.

Table 1 Some results

Compression ratio
Image
QOur results Control results
COUPLE 1.68575: 1 1.56 ;1
MANDRILL 1.26559 : 1 1.20: 1
LENA 1.70342 : 1 1.55 1)
GIRL 1.67505 : 1 1.59 &1

-Control results are from [9].
-The compression ratio is not included the header.
Header is 4274 bits.

Table 2 Another results

Compression
Image .
ratio
ZELDA 1.97501 : |
MOON 1.51600 : 1
CHEST 1.87903 : 1
JOINT 2.13595: 1

5. CONCLUSION

In this paper, we present some ideas for coding
medical images, or furthermore for cryptography.
There are two main ideas here, the first is to in-
troduce the cross points, this is the effective utili-
zation of the probability of bits on boundaries of
image, and the second is gray transformation, this
is a preprocessing that is very useful for decreas-
ing the dynamic range of gray-scale. In future, the
determination of coefficient 5 is remained to be
researched in order to be optimal for images, and

the relation between gray levels and their pseudo



gray codes can be arranged for increasing the
compression ratio, so these ideas are being re-

searched and continued to improve.
APPENDIX

If m and n: denote the number of information
carrying units in two data sets that represent the
same information, then the compression ratio Cp

is defined by

G, =;—:l— (A1)

where n, is the number of information before cod-

ing, and n: is after that process.
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Abstract : Recently, digital image apparatus such as CT, MRI, US are used in medical diag-
nosis. Cathode Ray Tube (CRT) diagnosis is now accepted in some clinical situations because
of improvements of display technology. A generalization of the two-dimensional random
checkerboard process is described and we developed a new calculation method for correlation
in any directions around contiguous square regions permitting a continuous gray levels. Auto-
correlation function of this model is obtained. Theoretical autocorrelation function and Wiener
spectrum are calculated using this model.

Key words : CRT diagnosis, random checkerboard process
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Fig.4 A numerical example of autocorrelation function

Fig.5 A numerical example of Wiener spectrum
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Abstract : A method was developed to accurately measure signal-to-noise ratios (SNRs) in

positive and negative frequencies of magnetic resonance images (MRIs). SNR'(f) was calcu-
lated from the modulation transfer function (MTF) and the Wiener spectrum, both of which
were determined with subtracted complex images at the same phantom setting. The SNR(f)s
in the conventional spin echo (SE) and Turbo SE which set effective echo time at the first
echo were evaluated by changing the T2 of the phantom in the frequency and phase encode
directions. SNR’s gave positive and negative spatial frequency information that was not ob-
tained with conventional methods. In this method, the influences of image nonuniformity and
unnecessary artifacts could be eliminated. Analysis of the SNR in the spatial frequency do-

main made it possible to obtain more detail on the image quality of MRIL

Key words : magnetic resonance imaging (MRI),

Wiener spectrum, phantom
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Fig.1 Side view of the hemispherical phantom
used for the Complex Subtraction Method to
measure MTF, WS, and SNR(f). A thin poly-
ethylene terephthalate (PET) sheet can be put
in and taken out along the guiding frame (ar-
row heads in a). The horizontal dotted lines in
(a) and (b) show slice planes. Initially, (a) a
first scan is done at optimally selected acqui-
sition parameters, and complex (real and
imaginary) slit images are obtained. Immedi-
ately, (b) the PET sheet is gently pulled out
about 20 mm so that the PET sheet and slice
plane do not intersect. After 2 min the second
scan is made under exactly the same imaging
parameters as for the first scan.
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