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Development of the Intelligent Grid Scattered X-ray Correction Processing System for Digital Radiography
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Abstract

Bedside radiography, in which X-rays are taken at bedside
of patients who cannot be moved, proliferates today, thanks
to its facilitation by digital radiography (DR) and the immedi-
ate image confirmation that DR allows.

In bedside radiography, just as in the X-ray room, scattered
X-ray removal grids (or simply “X-ray grids”) have been widely
used to prevent the contrast reduction of images in radio-
graphs. However, properly adjusting such an X-ray grid’s align-
ment with the X-ray tube in the confines of a patient’s room
is not easy. Some hospitals and clinics have been forced to
use X-ray grids of a lower grid ratio or to abandon X-ray grids
altogether due to the long attaching-detaching times and to
the uneven image density from the oblique input of X-rays.

To solve this problem, we developed a unique algorithm
that estimates a subject’s body thickness and content rate of
scattered X-rays, then corrects for scattered X-rays. We
dubbed this virtual X-ray grid “Intelligent Grid” Intelligent
Grid improves image contrast in bedside radiography with-
out the use of a physical X-ray grid, yet it achieves equivalent
image quality. Because Intelligent Grid rivals physical X-ray
grids in image quality, it alleviates the burden that a physical
X-ray grid is to the radiographic technologist, allowing the
patient’s bedside radiography to be conducted smoothly.

Reported here are the functions and technologies behind
the enhanced image contrast and noise reduction that
Intelligent Grid achieves. Further, we report our evaluation of
the results of physical experiments measuring CNR (contrast-
to-noise) ratio and IQF (image quality figures). We found that
both characteristics indicated higher image visibility with
Intelligent Grid than with an X-ray grid.
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Fig. 1 Cross section of X-ray focusing grid. Although the primary X-rays
are transmitted through the object and reach the DR panel, scat-
tered X-rays are removed by the grid.
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Fig. 2 Chest phantom images with a misaligned grid (left radiograph)
and with no grid (right radiograph). In the left radiograph, the
lung seen on the right side of the image has uneven density and
is white-tinged due to grid misalignment.
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Fig. 3 Intelligent Grid's scattered X-ray correction algorithm, consisting
of two processes: a contrast improvement process and a noise re-
duction process.
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Fig. 4 Deriving a scattered X-ray image from an original image so as to
improve image contrast. Scattered X-ray components of the im-
age are estimated by applying a table of scattered X-ray ratios to
object thickness, which is estimated from a histogram of the origi-
nal image.
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Fig. 5 Noise levels of images with and without a grid. The noise compo-
nent can not be removed even by removing scattered X-rays dur-
ing the contrast improvement process.
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Fig. 6 Clinical images of a pelvis before and after application of a newly
developed noise reduction process.
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Fig. 7 Chestimages: (a) with neither an X-ray grid nor Intelligent Grid, (b)
with only Intelligent Grid, and (c) with only a 6:1 grid ratio X-ray
grid. The contrast in chest image (b), with Intelligent Grid, is clear-
ly improved over the original chest image (a).

Fig. 8 Abdomen images: (a) with neither an X-ray grid nor Intelligent
Grid, (b) with only Intelligent Grid, and (c) with only a 6:1 grid ratio

X-ray grid. The contrast in abdomen image (b), with only Intelligent
Grid, is clearly improved over the original abdomen image (a).
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Fig. 9 Contrast-to-noise ratios (CNRs) with neither Intelligent Grid nor a
grid (ORG), with Intelligent Grid and no grid (IG), and with a grid
but no Intelligent Grid (GRD). For any given acrylic board thick-
ness, the CNR of an IG image is higher than that of a GRD image.
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Fig. 10 Inverse image quality figures (IQFinv) with neither Intelligent
Grid nor a grid (ORG), with Intelligent Grid and no grid (IG), and
with a grid, but no Intelligent Grid (GRD).
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