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A New Technique for Improvement of X-ray TV Images
—High-speed Digital Filtering and Rapid Tomosynthesis—

Toshio KASUGA
Department of Radiology, Shinshu University School of Medicine
(Director : Prof. Toshio KoBAYASHI)

This paper is concerned with high-speed digital filtering of X-ray TV images and tomosynthesis
reconstructing a tomographic image at a desired depth from projected TV images of conventional
tomography. These two types of X-ray image processing are achieved by shifting the TV images
on the XY plane, and by overlapping and integrating them. A simple system based on this
principle without the use of a computer has been developed. Digital filtering based on the two-
dimensional convolution technique can significantly improve the spatial resolution of TV images
in about two seconds. As a result, a clear static image is observed during X-ray TV fluoroscopy.
Tomosynthesis, on the other hand, can be processed within three seconds. By simultanueous
application of digital filter processing, clear tomographic images can be obtained.

The present study suggests the possibility of clinical application of digital radiography by
X-ray TV, observation of X-ray pictures with improved image quality, and tomography during a
fluoroscopic examination, Shinshu Med, J., 82 : 18—24, 1984
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Fig.1l Block diagram of the TV image processing system

The system is composed of an “XY shifter”

which shifts TV images sent from a TV

camera or VDR, and a processor (Japan Avionix, X-IM) which digitizes the TV images
and performs addition and subtraction, The matrix size of the digital image is 512 x 640.

A logarithmic amplifier is used to change the d
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ensity gradation of the TV images,
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Fig.2 Two-dimensional convolution method

The filter function is expressed by the square
matrix in a) and b). Fig.2-a) shows a filtering
process when a 3x3 matrix filter a) is used.
The TV image (solid circle) is shifted from the
original position (broken circle) hy a distance
corresponding to each element of the matrix,
and addition and subtraction are repeated ac-
cording to the number of elements involved,
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Fig.3 Tomosynthesis processing
In circular tomography, projection images (e.g. 1, 2, 3:-6) are collected in VDR. The
projected points (a’s) of the point a on slice A are always at the center of the images. Inte-
gration of these multidirectional projections will construct a tomogram of slice A (top). If
similar processing is performed by centering the projected points (b’s) of the point b, a tomo-
gram of slice B will be reconstructed (bottom). Application of this principle will allow recon-
struction of tomograms at any desired depth (see the text),
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Fig.4 Operating principle of the “XY shifter”

The operating principle is based on a shift
of TV images by delaying the horizontal and
vertical synchronized signals of the video sig-
nals.
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Fig.5 Resolution test with a test chart
a : The image obtained after one-second integration of the X-ray images in frame memory.
b : The image obtained after digital filtering of image a.
c: The image obtained after one-second integration of the VDR playback images in the
frame memory.

d : A tomosynthetic image after digital filtering with the test chart inclined 30 degrees.

Note that the two-dimensional convolution processing obviously improves spatial reso-
lution (b). When recorded in the VDR, the spatial resolution was lowered (c). The tomo-
synthetic image after two-dimensional convolution processing (d) is better than the VDR
playback image (c) with respect to spatial resolution.

Fig.6 Digital filtering of a fluoroscopic picture of the skull
a : Image obtained after a 0.5 second integration of fluoroscopic TV images in the frame
memory.
A static image with a higer S/N ratio is obtained by integration.
b : The image obtained after digital filtering of image a.
Note that the bone contour has become sharper. Structures such as the internal
acoustic meatus, sella turcica and foramen rotundum are clearly visible.
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Fig,7 Digital filtering and tomosynthesis of X-ray TV images of the sella turcica
a : The image obtained after 0.1 second integration of the X-ray TV images in the frame

memory.

b : The image obtained after digital filtering of image a.
The sella turcica and its bonecontour are clearly visible.

c : A tomosynthetic image.

d : The image obtained after digital filtering of image c.
Note that the tuberculum sellae and posterior clinoid process are clearly visible.
The above TV monitor images were obtained by printing the CRT images using single-

coated films (Fuji MI-NX)].
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Fig.8 Tomosynthesis of lung-cancer images
a : Circular tomogram using conventional X-ray film.

b : Reconstructed tomogram by tomosynthesis.

c: The image obtained after digital filtering of image b.
d-f : Reconstructed tomograms at an interval depth of 1.5 cm after digital filtering.

The reconstructed tomogram (b) showed a less clear border of the cancer than the
conventional tomogram (a). However, after the digital filtering process, the border of the
tumor and the streaky shadows of pulmonary vessels and bronchi in the reconstructed
tomogram (c to f) are much clearer than those in the conventional tomogram (a).
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Fig.9 Digital filtering of conventional tomogram
a: TV camera image of linear tomography using X-ray film.
b : The same image after digital filtering in the longitudinal direction.
Note that in unprocessed linear tomogram, false images are seen in the longitudinal
direction, while in the filtered image these have disappeared and enhanced pulmonary
vessels are visible.
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