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[57] ABSTRACT

A method of and apparatus for the non-destructive inspec-
tion and/or evaluation of materials by the computer process-
ing of images produced on/by an image conversion screer/
device is disclosed in which the images are produced by
placing the object to be inspected and/or evaluated between
the screen/device and a source of x-rays from an x-ray
machine having the capability of varying its focal spot area
size. Two images, one created with a large focal spot size
and one created with a small focal spot size are processed
and then combined in such a manner so as to accentuate the
fine structure detail in the resulting image.

4 Claims, 2 Drawing Sheets

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or adver-
tisement or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory
invention registration. For more specific information on
the rights associated with a statutory invention registra-
tion see 35 U.S.C, 157.
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METHOD OF AND APPARATUS FOR IMAGE
PROCESSING USING A VARIABLE FOCAL
SPOT SIZE

BACKGROUND OF THE INVENTION

The present invention relates generally to the non-destruc-
tive inspection and evaluation of materials using x-rays.
More particularly, the present invention relates to a method
of and system for performing non-destructive inspection and
evaluation of materials by the computer processing of
images produced on/by an image conversion screen/device.

When non-destructively inspecting and/or evaluating
materials using x-rays, difficulties have arisen in creating
images of the materials being tested or evaluated with regard
to the detail of the fine structure in such materials. This lack
of fine structural detail is due to the interference structures
of the transmission components of the imaging system, for
example, the interference structures of the input luminescent
fluoroscopic screen or the semi-conductor materials of the
CCD camera which translates the fluoroscopic image.

One approach to dealing with similar problems in an x-ray
diagnostic installation is disclosed in U.S. Pat. No. 4,722,
097, which issued on Jan. 26, 1988 to Haendle. That patent
describes an x-ray diagnostics installation with spatial fre-
quency high-pass filtering in which the fine contrasts
required in x-ray technology are intensified without the
interference structures generated by the system components
so as to improve the ability of the system to recognize fine
details in the x-ray pictures. The system disclosed in that
patent utilizes an x-ray tube in which the size of the tube
focus can be varied. A video signal for an x-ray exposure
produced by a given first size of the tube focus is entered into
a memory and is subtracted from a previously stored video
signal for an x-ray exposure recorded using a second size of
the tube focus. The result of the subtraction of these two
transfer functions yields a resulting transfer function in
which the low frequencies are suppressed and the higher
frequencies are amplified. However, the system disclosed by
Haendle is complex and costly to both implement and
maintain.

SUMMARY AND OBJECTS OF THE
INVENTION

In view of the foregoing, it should be apparent that there
still exists a need in the art for a method of and apparatus for
creating images so as to accentuate the fine structural detail
in them in the non-destructive inspection and/or evaluation
of materials produced on/by an image conversion screen/
device. 1t is, therefore, a primary object of this invention to
provide a method of and apparatus for accentuating the fine
structure detail of an image on/by an image conversion
screen/device which is characterized by the computer pro-
cessing of such images produced by generating two images
of the object under test using two different focal spot sizes
of an x-ray machine.

More particularly, it is an object of this invention to
provide images produced on/by an image conversion screen/
device having accentuated fine structural detail in them
which is simple to implement and utilizes reliable electronic
circuitry which does not require frequent alignment nor
costly components.

Briefly described, these and other objects of the invention
are accomplished by providing as a source of x-rays an x-ray
machine with the capability of a variable focal spot size. The
object to be studied is placed between the source of x-rays
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and an image conversion screen/device and then irradiated
by the x-ray machine with its focal spot size at two different
settings. The image from the image conversion screen/
device is then processed by a computer to create an image
of the object under test in which the fine structural detail has
been accentuated.

The two images produced using the two different focal
spot sizes are processed as follows. With the larger focal spot
size, image processing software contained within the com-
puter is used to decrease the image noise and increase the
image signal-to-noise ratio. An image with a reduced and
minimum of fine structure detail is produced which is then
stored in the memory of the computer.

The image obtained using the smaller focal spot size is
obtained and stored in the computer memory. Then, a
difference image is produced by subtracting one of the
images from the other. Since only the image produced using
the smaller focal spot size contains relatively fine structure
detail, the resulting difference image contains only the fine
structure detail.

With these and other objects, advantages and features of
the invention that may become hereinafter apparent, the
nature of the invention may be more clearly understood by
reference to the following detail description of the invention,
the appended claims and to the several drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the apparatus of the
present invention; and

FIG. 2 is a diagram illustrating the method of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now in detail to the drawings wherein like parts
are designated by like reference numerals throughout, there
is illustrated in FIG. 1 a block diagram showing the appa-
ratus of the present invention. As shown in FIG. 1, an x-ray
tube 100 having an electromagnetic focusing lens 104 which
is controlled by a focusing current generator 110 is used to
generate a vertical focal size spot 114. The x-ray tube 100
also includes an anode 102 and a cathode 106, both of which
are connected to a high-voltage generator 108, in a known
fashion. The electromagnetic lens 104 focuses the electrons
created when a high voltage is present across the anode 102
and cathode 106 and focuses the electrons emitted from the
cathode 106 which, upon striking the anode 102, generates
the x-ray beam. A central control unit 112 is connected to
both the high voltage generator 108 and the focusing current
generator 110, as well as to the computer 124, whose
operation will be described hereinafter.

The x-ray beam generated by the x-ray tube 100 is used
to penetrate the material or object under test 116 and to
generate an image on an image conversion screen/device
118, such as a fluoroscopic screen. The radiation striking the
image conversion screen/device 118 is converted into a
visible image by the image conversion screen/device 118, is
detected by a converter 119, such as a CCD camera, which
serves to convert the visible image into a video signal. The
video signal taken from the converter 119 is amplified by a
video amplifier 120 and then convened from an analog to a
digital signal by the A/D converter 122. The digital output
from the analog-to-digital converter 122 is supplied to the
computer 124 for processing. The computer is connected to
both a display device 126 and a printer 128 for displaying,
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after the processing to be described hereinafter, the desired
image of the object under test 116.

Using the x-ray tube 100 together with the voltage and
current generators 108 and 110 and control unit 112, the
focal spot size of the x-ray tube 100 can be varied from a
large to a small focal spot size 114. The control unit 112,
either manually or under control of the computer 124, causes
the focusing current generator 110 to supply the electromag-
netic lens 104 with a current of a magnitude sufficient to
adjust the focal spot size 114 of the x-ray tube 100. In that
manner, the focal spot size 114 can be varied from large to
small. The high voltage generator 108 is then energized so
that, for example, the object under test is exposed, using a
large focal spot size. The video signal which results from the
image detected by the converter 119 is then sent to the
computer 124 for processing.

The focusing current is then modified, using the control
unit 112, either manually or under control of the computer
124, such that the focal spot size is changed to a small focal
spot size, relative to the focal spot size used for the first
image. The video signal generated by the converter 119 is
then also stored in the computer 124 for later processing.
The digital information relating to each image as well as a
plurality of others, may be stored either in volatile or
non-volatile memory in the computer 124 such as, for
example, in RAM memory or magnetic memory such as
hard or floppy disk drives. Subsequently, the two images, in
which the focal spot size is large in one image compared to
the other image, are processed and then subtracted from each
other to result in digital information directly corresponding
to the desired image. That digital information is converted to
an analog signal by the D/A converter 130 and then may be
displayed on the display 126, which may be a CRT or video
monitor. If a permanent copy of the image is desired, it may
be generated using the printer 128.

Referring now also to FIG. 2, which is a diagram showing
the steps performed by the apparatus of the present invention
shown in FIG. 1, a first or mask image is obtained by
utilizing a large focal spot size 114 generated by the x-ray
tube 100 to irradiate the material or object under test 116, as
described above in connection with FIG. 1. Using such a
large focal spot size and, preferably, the largest focal spot
size that can be generated by the x-ray tube 100, a maximum
geometric unsharpness of the resulting image in the image
conversion screen/device 118 would be achieved. Using the
largest focal spot size maximizes the total unsharpness of the
image, producing a blurring effect on a scale of magnitude
equal to the total unsharpness. The resulting mask image is
an image that has been made unsharp such that relatively
coarse structure detail in the image is still apparent, but
relatively fine structure detail has been reduced or elimi-
nated.

Once the digitized representation of the image produced
by the image conversion screen/device 118 is sent to the
computer 124, it is processed using commercially available
image processing computer software, such as the ICOS level
1.12 software available from Quantex Corporation of Rock-
ville, Md. The computer 124 may preferably be a 80486-DX
based IBM or compatible computer or a Quantex QX-9000
Series computer. It should be noted however, that other
commercially available image processing computer soft-
ware besides that made by Quantex Corporation can be
utilized in connection with the computer 124 in order to
process the digitized mask image as describe hereinafter.

The averaging and summing modes of the image process-
ing software are used to modify the digitized mask image
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signal in order to reduce the image noise and to increase the
image signal-to-noise ratio (SNR). The result of using either
of those two modes to operate on the digitized mask image
is an image having reduced noise and a minimum of fine
structure detail. While it should be understood that the
technique of modifying the mask image signal using either
or both of the averaging and summing modes of such
available image processing software would serve to decrease
image noise and increase the SNR of the mask image, the
present invention can be utilized by directly storing the mask
image in a memory of the computer 124, without modifying
the mask image to increase or decrease signal properties.

Another alternative is to utilize the spatial filtering modes
of image processing software; such as the ICOS software
available from Quantex Corporation, to allow the user to
“average” an image. Such spatial averaging serves to reduce
or eliminate the low contrast detail on a scale of magnitude
determined by the software user. Using this alternative, an
image can be blurred such that only the relatively coarse
structure detail image would be reproduced. Conversely, the
relatively fine structure detail would not be reproduced.
However, the use of a large focal spot size to produce the
mask image, as opposed to a small focal spot size, would
have the same relative effect on the image structure. There-
fore, while the spatial filtering modes of image processing
software can be used in conjunction with the mask image
generated using a large focal spot size, it is not necessary to
do so.

The other image which is used in combination with the
mask image is obtained as follows. The control unit 112 is
operated as described above such that a smaller focal spot
size is generated by the x-ray tube 100. Preferably, the
smallest focal spot size that can be generated using the x-ray
tube 100 would be used. Using the smallest focal spot size
available serves to minimize the geometric unsharpness of
the resulting image. Minimizing the geometric unsharpness
of the resulting image in turn minimizes the total unsharp-
ness of that image which in turn maximizes the relatively
fine structure detail in the resulting image.

The image produced by the image conversion screen/
device 118 and digitized as described above is stored in the
computer 124 and then modified using the averaging or
summing modes of the image processing software, as dis-
cussed above in connection with the image produced using
the large focal spot size. Again, it should be understood that
the present invention does not require the use of the aver-
aging or summing modes of the image processing software
and can be utilized satisfactorily with the digitized small
focal spot size image stored directly in its unmodified state.
It should further be pointed out that it is not necessary that
the mask image and the second image be obtained in a
certain order. Either image can be obtained first and then
utilized as described as follows in connection with the other
image.

After both the mask and the second images have been
obtained and, processed, if desired, as described above, a
difference image is produced by subtracting one image from
the other. That is accomplished utilizing the image process-
ing software operating on the computer 124. The resulting
difference image is stored in the memory of the computer
124, in a manner similar to that discussed above in connec-
tion with the mask and second images.

Since both the mask image and the second image, whether
modified or not, contain relatively coarse structure detal,
but only the second image contains relatively fine structure
detail, the difference image itself contains only the fine
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structure detail. The difference image is the result of sub-
tracting the mask image from the second image or subtract-
ing the second image from the mask image. The order of
subtraction is not important. In the event that the resulting
difference image has a lower contrast level than desired, its
gray levels can be offset and amplified to increase its
contrast to the desired level.

It is also possible to obtain the difference image by
inverting the gray level scale of the mask image or of the
second image and then adding the resulting inverted image
to the image which had not been inverted. In that case, the
final image would be called an addition image.

Although only a preferred embodiment is specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention
are possible in light of the above teachings and within the
purview of the appended claims without departing from the
spirit and intended scope of the invention.

What is claimed is:

1. A method for the processing of converted images of an
object in order to accentuate the fine structure detail of the
object, comprising the steps of:

placing the object between an x-ray tube and an image

conversion screen/device;

generating a mask image of said object using a large focal
spot size of said x-ray tube;
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generating a second image of said object using a small
focal spot size of said x-ray tube;

decreasing the image noise and increasing the image
signal-to-noise ratios for each of said mask and second
images of said object;

subtracting said second image of said object from said

mask image of said object to generate an image having
accentuated fine structure detail, and

amplifying the gray levels of said image having accentu-

ated fine structure detail thereby increasing the contrast
of said image having accentuated fine structure detail.

2. The method of claim 1, wherein the steps of decreasing
the image noise and increasing the image signal-to-noise
ratio for each of said mask and second images of said object
prior to performing said step of subtracting are performed by
a programmed computer.

3. The method of claim 1, including the further step of
amplifying the gray levels of said image having accentuated
fine structure detail to increase image contrast.

4. The method of claim 3, wherein the step of amplifying
said gray levels is performed by a programmed computer.
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