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ENLARGEMENT SERIAL RADIOGRAPHY
USING ULTRA FINE FOCUS

Motohisa Tsuda, Sadao Tanabe, Ph.D., Radiation Apparatus Div.
Shimadzu Seisakusho Ltd., Kyoto, Japan

Aim: It is well known that enlarged radiographs are valuable
for certain kinds of X-ray diagnosis. Conventional X-ray
enlargement radiography, however, is limited to stationary
objects because conventional fine focus X-ray tubes have very
small capacities and require longer exposure times. Conse-
quently, the enlarged radiograms of moving objects are blurred.

Recently, X-ray tubes with focal spots of 0,1 mm or 0.05 mm
and somewhat larger capacities have become available with
conventional diode construction, but without any controlling
grid. Fig.l depicts the modulation transfer functions and
radiographic rating charts of these 0.1 mm and 0.05 mm focal
spot tubes.

It becomes clear that by using these large-capacity ultra
fine foci, it has become possible to make enlarged serial
radiographs of slowly moving objects. Fig.2 shows some
examples of enlarged celiac angiograms made with a 0.1 mm
focal spot tube together with ordinary angiograms for compar-
ison of the image detail. (through the courtesy of

Dr. Takashima, Kanazawa University)

This study was undertaken in order to find out the optimum
radiographic conditions for minimum overall blur, and how to
use these ultra fine foci in practice.

Method: Theoretically, overall blurs or line spread functions
of radiographic systems can bhe calculated from successive
convolution integrals of the line spread functions of each of
the three elements involved in the system. These elements are:

1. focal spot
9. combination of intensifying screen and photographic film
3. object motion

However, it is difficult to assess the overall blur from

numerical calculations of the convolution integrals. For
convenience in calculating the overall blur, the line spread
functions of each element are approximated by a Gaussian
distribution., Thus, each kind of blur can be treated analytically.

To check whether this approximation is reasonable or not,
convolution integrals for actual element blurs were calculated
by means of a digital computer and the results were compared
with those obtained from this approximation The results
agreed fairly well.

Using this approximation, the relation between the standard
deviations of the blurs encountered in enlargement radiography
were investigated. On this occasion, the following facts were
taken inte account, namely

1. In the case of the combination of intensifying screen
and film, the magnitude of the blur is
proportional to the sensitivity (Refer to Fig.3)
Roughly speaking, therciore. the exposure time is
inversely proportional to the magnitude of the blur of
combination ot intensifying screen and {ilm
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2. With the focal spot, the shortest exposure time required
for a given X-ray exposure at constant tube voltage is
more or less inversely proportional to the size of the
focal spot providing that the configuration of the X-ray
tube is the same. (Refer to Fig.4)

3. The deviation corresponding to half of the maximum value
was obtained from the computed distribution in the case
of the overall blur and from typical experimental
distributions in the case of the focal spot and screen-
film blurs, and then converted to equivalent standard
deviations. ’

The velocity of the object is assumed to be constant.

The magnitude of the motion is multiplied by a coefficient
k which is necessary to approximate the motion blur as
Gaussian distribution and this is converted into a
standard deviation.

4. For the convenience of comparison, the distance between
the focal spot and the film, the X-ray dose required for
the radiograph and the type of X-ray film are assumed
to be constant, and the blurs are estimated in the plane
of the object in all cases.

Results: Symbols are defined as follows,

S: standard deviation of approximate Gaussian distribution
for the line spread function of the combination of
intensifying screen and film

f: standard deviation of approximate Gaussian distribution
for line spread function of focal spot

v: velocity of object

t: exposure time

m: enlargement factor

B: standard deviation of approximate Gaussian distribution
for the line spread function of the overall systen

k,ol © constants (< depends on mAs required, k = 0.4)

Overall blur can be expressed approximately by the expression

B-\/<g>2+(%ﬂ:&>2f%mn2.

where kvt represents the standard deviation of the motion blur
approximated by a Gaussian distribution.

As t is inversely proportional to S and f, B can be rewritten
as follows

2 1 22 ;
B=\/(r§n)+("‘__1)1+(ﬂ>2 (1) .

By taking the partial derivatives of equation (1) with respect
to S, f and m. the minimum values of B al various conditions
can be deduced.
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(i) Optimum values of m and f that make B minimum for
given values of S and v may be expressed by

m = 83/olv
2 = ovs2/(83 - dv) (2).
Bmin = J4v(2583 - Lv)/S2
(ii) Optimum values of m and S for given values of f and
v are
m = £3/(£3 _ 4v)

S2 dvEi2/(£3 - Lv) J (3).
Bmin = \JJv(2f3 - Jv)/f2

(iii) Optimum values of f and S for given values of v and

m are
Sg = dvm(m - 1) 5
£ =oym/(m - 1) (4) .
Bmin = fﬁrfdv(m - 1)}1/%/m2/3 J

On the other hand, the overall blurs are calculated from the
convolution integrals by computer for actual values of
intensifying screen-film blur, focal spot blur, motion blur
and cnlargement factor,

Fig.5 and Fig.6 show the results of these computer calculations
with the values obtained analytically from equation (1), which
shows good agreement between the two methods.

In Fig.5, however, it is not clear whether enlargement decreases
the overall blur. Observation of Fig.6 reveals that overall
blur reaches a lower minimum than it would without enlargement.
In Fig.6, the minimum point occurs at m = 3 and f = 0.038
(corresponding to focal spot size of 0.1 mm), which agrees with
the values derived from equation (2).

Discussions: From the results of this study, optimum conditions
for obtaining minimum blur in radiography can be selected by
rather simple relations namely equations (2), (3) and (4).

In enlarged serial radiographs using ultra fine foci where

the short exposure times are essential, the dominant blur is
motion blur, which corresponds to the third term in equation (1).
Referring to equation (1), a high speed intensifying screen
and a rather large-capacity fine focal spot should be used to
minimize the overall blur.

In conclusion, the 0.1 mm ultra fine focal spot is suitable
for enlarged serial radiographs of slowly moving objects,

while the 0.05 mm focal spot may be used with stationary
objects because it still requires a considerable exposure time,
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Fig. 2 Some examples of enlargement celiac angiography

left: enlargement angiogram, right: contact angiogram
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Overall blur in object plane expressed in standard deviation of approximate Gausstan distribution (mm)
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Retalion belween tube current and fluorescence quantity .
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