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SYSTEM AND METHOD FOR COMPARING IMAGES WITH DIFFERENT CONTRAST
LEVELS

FIELD OF THE INVENTION

(0002] This invention relates generally to non-destructive evaluation and, more

specifically, to digital radiography.
BACKGROUND OF THE INVENTION

(0003] Non-destructive evaluation (NDE) is well known for inspecting parts or
materials for defects such as porosity or inclusions like gas bubbles or foreign material. For
example, x-rays are used for NDE of manufactured parts for systems such as piping systems,
structures, and vehicles, such as ships, land vehicles, and air vehicles such as aircraft and spacecraft.
As a further and more specific example, because aluminum castings are used extensively in aircraft
manufacturing, inspection costs for NDE of aluminum castings represent a significant percentage of

total inspection costs for an aircraft.

[0004]  Such use of x-rays is sometimes referred to as radiography. Traditionally,
radiography techniques entailed placing a part to be examined for defects between an x-ray source
and a silver-halide film. However, traditional silver-halide film techniques are costly and time-

consuming.

[0005] A reduction in costs and time associated with traditional silver-halide film
techniques has been achieved with digital radiography techniques. Digital radiography encompasses
a wide range of technologies, including flat panel technologies, computed radiography, and a variety
of scintillator and digital camera-based technologies. In switching from traditional film radiography
to digital radiography, costs associated with purchasing film, processing film, and chemical waste
disposal can be eliminated. In addition, significant savings can be realized through cycle time

reduction and automation that digital radiography offers.

1
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[0006] A major hurdle to implementation of digital radiography for a
number of industrial uses is a lack of digital reference images. Many differences result
In a radiographic image captured on film versus a radiographic image captured by any of
the numerous digital modalities currently available. As a result, direct comparison of
digital radiographs to current reference radiographs captured on film leads to different
characterizations of severity levels between the various digital modalities and between

digital and film radiography.

[0007] An attempt has been made within the aluminum casting industry to
address these differences by converting existing film reference radiographs (ASTM E155
Reference Radiographs for Inspection of Aluminum and Magnesium Castings) to digital
images. However, traditional film reference radiographs such as ASTM E155 do not
translate directly into the domain of digital radiography. The existing reterence
radiographs have proved inadequate for two main reasons: (1) the difference in spatial
resolution between radiographic film and the digital radiographic systems; and (2) the

difference in dynamic range between film and many of the digital detectors.

[0008] Regarding the first shortcoming in use of existing film reference
radiographs, the grain size of common radiographic film ranges in size from about 3
microns (um) to about 10 um, while pixel spacing for digital radiographic systems that
are suitable for inspection of aluminum castings, without use of geometric magnification,
range from about S0 um to about 139 um. These differences in resolution do not seem to
affect the detection of a discontinuity. However, these difterences in resolution do affect
the grading of the severity level of a discontinuity. For example, FIGURE 1 1s a film
radiograph 10 of plate three of elongated porosity Y47 (ASTM EI155) that was digitized
with a pixel spacing of 140 um; FIGURE 2 1s a film radiograph 20 of plate five of the
same series digitized with a pixel spacing of 50 um; and FIGURE 3 is a film radiograph
30 that 1s the same as the film radiograph 10 (FIGURE 1) only digitized at 50 pm. It can
be seen through a comparison of the film radiographs 10, 20, and 30 that a difference 1n
resolution of a detector (or in this case digitization pixel size) between 50 um and 140

im results in a shift of approximately two plates in the apparent seventy level.

[0009] Regarding the second shortcoming in use of existing film reference

radiographs, the difference in dynamic range between film and many of the digital
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detectors has shown that use of ASTM E155 reference radiographs 1s inadequate for the
orading of the severity level of aluminum castings. The wide dynamic range of digital
detectors, coupled with the limitation on a number of gray level intensities that humans
can differentiate, makes it necessary to step through the data of a given image with a
series of windows. This i1s currently done by adjusting the contrast (window width) and

then changing the brightness (window level) in a series of steps to view the data.

[0010] The shortcoming with this approach arises when the contrast of a
production radiograph taken with a digital detector is adjusted. When using a high
contrast, the discontinuity looks worse (that is, a higher plate number). When using a
low contrast, the discontinuity may not be visible at all. For example, this effect 1s
shown in FIGURES 4-6. All of the images are from a single 16 bit dynamic range
digital radiograph of the ASTM E155 hardware for ¥4 elongated porosity in aluminum.
FIGURES 4 and 6 are digital radiographs 40 and 60, respectively, with the same contrast
setting and FIGURE 5 is a digital radiograph 50 at a slightly higher contrast setting. In
comparing the digital radiograph 40 (FIGURE 4) to the digital radiograph 50 (FIGURE
5), there is a noticeable difference even though they are both of plate two and trom the
same radiograph. Instead, the digital radiograph 50 (FIGURE 5) looks more like the
digital radiograph 60 (FIGURE 6). However, the digital radiograph 60 (FIGURE 6) 1s of
plate seven -- a difference of five severity levels from plate 2 (see FIGURES 4 and 5).

[0011] Because it has not been possible to normalize contrast of the
standard reference image relative to the part’s tmage using known methods, direct
comparisons between the standard reference image and the part's image have not been
possible. Development of digital reference images 1s therefore required to capture the
savings offered by digital radiography. However, there 1s an unmet need 1n the art for

methodologies to use a set of digital reference images.
SUMMARY OF THE INVENTION

[0012] Embodiments of the present invention provide methodologies and
systems to compare images with different contrast levels. Contrast 1s normalized
between images with different contrast levels and brightness 1s set. Advantageously,

embodiments of the present invention permit electronic digital reference 1mages to be
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used with non-film x-ray inspection systems. As a result, use of the present invention
can significantly reduce costs associated with set up time and costs associated with film,
such as costs for film storage, processing, and chemical disposal. Moreover,
embodiments of the present invention may be used to compare any digital images — not

just images obtained via radiography.

[0013] In one exemplary application, electronic digital reference images
allow inspection of aluminum production castings using non-film digital technology.
The digital reference images are usable in place of current ASTM EI155 reterence
radiographs when viewing digital radiographs of aluminum castings. Advantageously,
this allows use of digital radiography for aluminum castings without changing
classification of aluminum castings as compared to traditional film radiography using

ASTM EI155 in a statistically significant way.

(0014] According to an embodiment of the present invention, images with
different levels of contrast are compared. Contrast 1s normalized between the 1mages
with different contrast levels and brightness is set. According to an aspect of the present
invention, when normalizing contrast a derivative of gray level i1s determined for a first
digital image having a first contrast level, and a derivative of gray level is determined for
a second digital image having a second contrast level that 1s greater than the first contrast
level. A ratio of the denivative of gray level for the first digital image to the derivative ot
oray level for the second digital image is determined, and the derivative of gray level tor
the first digital image i1s equalized with the derivative of gray level for the second digital
image. According to another aspect of the present invention, brightness may be set

manually or automatically.

[0015]  According to an aspect of the present invention, the first digital
image may be a digital reference 1image and the second digital image may be a
production digital radiograph of an imaged part. Advantageously, this normalization of
contrast allows for determination of the severity level of a discontinuity -- regardless of
the digital modality used or the bit depth of the digital modality. The contrast of the
reference 1image is adjusted to match the contrast of the production image that may have

been generated by a different modality than the reference image. 'This matching of
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In accordance with one aspect of the invention, there is provided a
method of normalizing contrast between digital images. The method involves
determining a derivative of gray level for a first digital image having a first contrast
level, determining a derivative of gray level for a second digital image having a
second contrast level that is greater than the first contrast level, and determining a
ratio of the derivative of gray level for the first digital image to the derivative of gray
level for the second digital image. The method also involves equalizing the derivative
of gray level for the first digital image with the denivative of gray level for the secohd
digital image by determining a window mapping, by multiplying the ratio of the
derivative of gray level for the first digital image to the derivative of gray level for the
second digital image by a width of a window of the first digital image.

Equalizing may involve accessing a look-up table.

The look-up table may be non-linear.

Determining a derivative may involve determining a function that defines
a derivative, the function may include one of a logarithmic function and a polynomial
fit function.

Determining a derivative may involve determining a derivative with
respect to thickness.

In accordance with another aspect of the invention, there is proved a
system for normalizing contrast between digital images. The system includes a
storage device configured to store at least a first digital image having a first contrast
level, an input interface configured to input at least a second digital image having a
second contrast level that i1s greater than the first contrast level, and a processor. The
processor includes a first component configured to determine a derivative of gray
level for the first digital image, a second component configured to determine a
derivative of gray level for the second digital image, and a third component
configured to determine a ratio of the derivative of gray level for the first digital
image to the derivative of gray level for the second digital image. The processor also
includes a fourth component configured to determine a window mapping to equalize
the derivative of gray level for the first digital image with the derivative of gray level
for the second digital image, wherein the fourth component is further configured to
determine the window mapping by multiplying the ratio of the derivative of gray level
for the first digital image to the derivative of gray level for the second digital image
by a width of a window of the first digital image.

5a
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The fourth component may be further configured to access a look-up
table.

The look-up table may be non-linear.

The first and second components may be further configured to determine
a function that defines a derivative, the function may include one of a logarithmic
function and a polynomial fit function.

The first and second components may be further configured to determine
a derivative with respect to thickness.

In accordance with another aspect of the invention, there is provided a
computer-readable storage medium encoded with codes for directing a processor to
normalize contrast between digital images. The codes include codes for directing a
processor to determine a derivative of gray level for a first digital image having a first
contrast level, codes for directing the processor to determine a derivative of gray level
for a second digital image having a second contrast level that 1s greater than the first
contrast level, and codes for directing the processor to determine a ratio of the
derivative of gray level for the first digital image to the derivative of gray level for the
second digital image. The computer-readable storage medium also includes codes for
directing the processor to equalize the derivative of gray level for the first digital
image with the derivative of gray level for the second digital image and to determine a
window mapping by multiplying the ratio of the derivative of gray level for the first
digital image to the derivative of gray level for the second digital image by a width of
a window of the first digital image.

The codes may direct the processor to access a look-up table.

The look-up table may be nonlinear.

The codes may direct the processor to determine a function that defines a
derivative and the function may include one of a logarithmic function and a
polynomial fit function.

The codes may direct the processor to determine a derivative with respect
to thickness.

In accordance with another aspect of the invention, there is provided a
method of normalizing contrast between digital images. The method involves
determining a derivative of gray level for a first digital image having a first contrast

level by determining a first function that defines the derivative of gray level for the

5b
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first digital image, the first function including one of a logarithmic function and a
polynomial fit function. The method also involves determining a derivative of gray
level for a second digital image having a second contrast level by determining a
second function that defines the derivative of gray level for the second digital image,
the second function including one of a loganithmic function and a polynomial fit
function, wherein the second contrast level 1s greater than the first contrast level. The
method further involves determining a ratio of the derivative of gray level for the first
digital 1mage to the derivative of gray level for the second digital image, and
equalizing the derivative of gray level for the first digital image with the derivative of
gray level for the second digital image.

Equalizing may include accessing a look-up table.

The look-up table may be non-linear.

Determining a derivative may involve determining a derivative with
respect to thickness.

In accordance with another aspect of the invention, there is provided a
system for normalizing contrast between digital images. The system includes a
storage device configured to store at least a first digital image having a first contrast
level, an input interface configured to input at least a second digital image having a
second contrast level that is greater than the first contrast level, and a processor. The
processor includes a first component configured to determine a derivative of gray
level for the first digital image by determining a first function that defines the
derivative of gray level for the first digital image, the first function including one of a
logarithmic function and a polynommal fit function. The processor also includes a
second component configured to determine a derivative of gray level for the second
digital image by determining a second function that defines the derivative of gray
level for the second digital image, the second function including one of a logarithmic
function and a polynomial fit function. The processor also includes a third component
configured to determine a ratio of the derivative of gray level for the first digital
image to the derivative of gray level for the second digital image, and a fourth
component configured to equalize the derivative of gray level for the first digital
image with the derivative of gray level for the second digital image.

The fourth component may be further configured to access a look-up
table.

The look-up table may be non-linear.

5¢
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The first and second components may be further configured to determine
a derivative with respect to thickness,

In accordance with another aspect of the invention, there 1s provided a
computer-readable storage medium storing codes for directing a processor to
normalize contrast between digital images. The codes include codes for directing the
processor to determine a derivative of gray level for a first digital image having a first
contrast level, and codes for directing the processor to determine a derivative of gray
level for a second digital image having a second contrast level that is greater than the
first contrast level. The codes further include codes for directing the processor to
determine a function that defines a derivative, the function including one of a
logarithmic function and a polynomial fit function. The codes further include codes
for directing the processor to determine a ratio of the derivative of gray level for the
first digital image to the derivative of gray level for the second digital image, and
codes for directing the processor to equalize the derivative of gray level for the first
digital image with the derivative of gray level for the second digital image.

The codes may further include codes directing the processor to determine
a window mapping.

The codes may include codes for directing the processor to determine a
window mapping by multiplying the ratio of the derivative of gray level for the first
digital image to the derivative of gray level for the second digital image by a width of
a window of the first digital image.

The codes may include codes directing the processor to access a look-up
table.

The look-up table may be nonlinear.

The codes may include codes directing the processor to determine a

derivative with respect to thickness.

5d
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGURES 1-3 are digitized images of prior art film radiographs of

porosity in aluminum;

[0020] FIGURES 4-6 are prior art digital radiographs with varying contrast

settings of porosity in aluminum;

(0021}  FIGURE 7 i1s a flowchart of an exemplary, generalized method

according to an embodiment of the present invention;

[0022] FIGURE 8 1s a flowchart of details of the method shown in
FIGURE 7;

[0023] FIGURE 9 1s a block diagram of an exemplary host environment for

embodiments of the present invention; and

10024]  FIGURES 10-13 are screen shots from an exemplary computer
software program product that implements the methods of FIGURES 7 and 8.

DETAILED DESCRIPTION OF THE INVENTION

[0025] By way of overview, embodiments of the present invention provide
methodologies and systems to compare images with different levels of contrast. Contrast
1S normalized between the images with different contrast levels and brightness 1s set.
According to an aspect of the present invention, when normalizing contrast a derivative
of gray level is determined for a first digital image having a first contrast level, and a
dertvative of gray level is determined for a second digital image having a second contrast
level that 1s greater than the first contrast level. A ratio of the denvative of gray level for
the first digital image to the derivative of gray level for the second digital image is
determined, and the denvative of gray level for the first digital image is equalized with
the denivative ot gray level for the second digital image. According to another aspect of
the present invention, brightness may be set manually or automatically. The first digital
image may be a digital reference image and the second digital image may be an image of
a production part, such as a digital radiograph. Advantageously, embodiments of the

present invention permit electronic digital reference images to be used with non-film x-
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ray inspection systems, such as digital radiography systems. As a result, use of the
present invention can significantly reduce costs associated with set up time and costs
associated with film, such as costs for film storage, processing, and chemical disposal.
Moreover, embodiments of the present invention may be used to compare any digital

images with different contrast levels — not just images obtained via radiography.

[0026] The present invention may be embodied in methods, computer
software program products, and systems. Details of non-limiting examples of the

various embodiments of the present invention will be set forth below.

[0027] Reterring to FIGURE 7, a generalized method 100 for comparing
images with different levels of contrast begins at a block 102. At a block 103, contrast 1s
normalized between the images. At a block 104, a derivative of gray level is determined
for a first digital image, such as a reference image, with a first contrast level. Any
function may be performed that defines a derivative of the gray level, such as a
logarithmic function or a polynomial fit function. Given by way of non-limiting
example, the reference image may be a digital reference image such as a proposed
ASTM E2422 reference image or the like. The derivative of gray level may be
determined with respect to any vaniable as desired for a particular application. For
example, the dertvative of gray level may be determined with respect to thickness. The
derivative may be determined with respect to thickness in applications such as, without
limitation, radiography. As a further example, a variable used in determining a
derivative may represent a mapping variable against a palette such as a gray scale. For
example, an 1mage may represent a mapping of temperature, altitude, density, or any
other variable whatsoever as desired for a particular application. In those images, the
derivative of gray scale is determined with respect to temperature, altitude, density, or

whatever variable 1s used in the particular application.

[0028] At a block 100, a derivative of gray level 1s determined for a second
digital 1image, such as without limitation a digital image ot any production part that 1s
imaged, with a second contrast level that is greater than the first contrast level. However,
the second digital image may be any type of digital image whatsoever as desired for a
particular application. As in the block 104, any function may be performed that defines a

derivative of the gray level, such as a logarithmic function or a polynomial fit function.
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In one exemplary embodiment, a production part is digitally imaged by any type of
digital modality as desired for a particular apphcation. Given by way of non-limiting
example, a suitable digital modality includes digital radiography. However, the digital
radiography employed may include any of a wide range of technologies, including flat
panel technologies, computed radiography, and a variety of scintillator and digital
camera-based technologies. As in the block 104, the derivative of gray level may be
determined with respect to any variable as desired for a particular application. In the
examples of digital modalities discussed for the block 106, the denvative of gray level
may be determined with respect to thickness. However, as in the block 104, in other
applications the derivative of gray scale is determined with respect to temperature,

altitude, density, or whatever variable 1s used in the particular application.

[0029] At a block 108, a ratio 1s determined of the derivative of gray level
for the first digital image to the denvative of gray level for the second digital image.
Any function may be performed that defines a dernivative of the gray level versus
thickness, such as a logarithmic function or a polynomial fit function. At a block 110,
the derivative of gray level for the first digital image 1s equalized with the derivative of
gray level for the second digital image. In one non-limiting embodiment, equalization 1s
performed by determining a window mapping. The window mapping 1s applicable to
logarithmic gray scales and linear gray scales. Alternately, a mapping may be made to a
look-up-table, such as a non-uniform look-up-table, that has been empirically

predetermined.

[0030]  After contrast between the first digital image second digital image
has been normalized at the block 103, it may be desirable to adjust brightness of at least
one of the images before an operator makes a comparison between the i1mages.
Adjusting brightness may help an operator compare the images. Typically, it 1s desirable

to adjust brightness of the 1image with lower contrast (in this case, the first digital image).

[0031] At a block 111, brightness 1s adjusted either manually or
automatically. Brightness setting may be adjusted manually in software by adjusting

window level.
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[0032]  Alternately, at the block 111 brightness of either image or both
images may be adjusted automatically as desired. For example, an upper limit of a
window may be set at a brightest (highest) pixel value and a window lower limit may be
set at a dimmest (lowest) pixel value. Alternately, brightness can be set automatically by
calculating an average pixel value excluding background and text, and setting the
average of the display window to the calculated average pixel value. The background
and text can be excluded by excluding pixel values that are known to be pixel values of
background or text. Typically, extreme pixel values at the lowest and highest ends in the
data range in an n-bit image (that is, O and 2") are used for background or text. For
example, 1n a sixteen bit 1image the background 1s often set to either zero (0) or 65,535
and the text i1s often set to either 65,535 or zero (0), respectively. This approach ensures
that the text is legible against the background regardless of the contrast and brightness
settings 1in use. The brightness 1s then set such that the average of the display window is
set to the average pixel value calculated after text and background have been excluded.
The brightness need not be set to exactly the calculated average pixel value. The
brightness may be set to approximately or substantially the calculated average pixel
value. For example, the average of the display window may be set to within plus-or-
minus around one-halt of the display window width, or as desired for a particular

application.

[0033] With contrast normalized between the first and second images and
brightness set as desired, an operator can make a compartson between the first and

second 1tmages. The method 100 ends at a block 112.

[0034] Referring now to FIGURE 8, a method 200 implements one
presently preferred embodiment of the generalized method 100 (FIGURE 7) for
comparing a first image having a first contrast level, such as reference image, and a
second 1mage having a second contrast level that 1s greater than the first contrast level,
such as a production digital image of an imaged part. The method 200 begins at a block
202. At a block 203, contrast 1s normalized between the images. At a block 204, a
change in gray level versus a change in another vanable, such as thickness, 1s determined
for a reference tmage having a first contrast level. The variable may be selected as
desired for a particular application as discussed above for the block 104 (FIGURE 7).

Because a change in gray value versus the change in the vanable, such as thickness, in
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the reference image stays the same for each reference image, this value or function
advantageously 1s calculated once and 1s referred to for each normalization using that
reference image. Similar to the reference image discussed above for the block 104

(FIGURE 7), the reference image may include without limitation an ASTM E2422

reference image or the like.

10035] At a block 206, a change in gray level versus a change in the
variable, such as thickness, i1s determined for a second image having a second contrast
level that 1s greater than the first contrast level, such as a digital tmage of an imaged part.
The variable may be selected as desired for a particular application as discussed above
for the block 106 (FIGURE 7). The change in gray level is calculated using at least two
known thicknesses of a known matenial that are close to or that bracket the thickness of
interest. Given by way of non-limiting example, the imaged part may be an aluminum
casting. However, the part may include any type of part fabricated by any fabrication

technique as desired for a particular application.

[0036] At a block 208, a ratio of the change in gray level versus change in
the variable for the reference image to the change in gray level versus change in the
variable for the imaged part i1s determined. At a block 210, the ratio of the change in
gray level versus change in the variable for the reference image to the change in gray
level versus change in the variable for the imaged part is multiplied by a width of a
window of the reference image. Multiplying the window width of the image with the
lower contrast level by the ratio determines a window mapping to equalize the change 1n
gray level for the image with the lower contrast level to the change in gray level for the
image with the higher contrast level. As a result, contrast 1s normalized between the
reference tmage and the digital image of the imaged part. This permits an operator to
compare the digital image of the imaged part to the reterence image, thereby facilitating
a grading of severity of any defects, such as porosity, that may be present in the imaged

part.

[0037] As discussed above for the block 111 (FIGURE 7), in some cases it

may be desirable to adjust brightness setting of at least one of the images before a
comparison 1S made by an operator. Typically, it may be desirable to adjust the

brightness setting of the image with the lower contrast level. At a block 211, brightness

10
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setting is adjusted as desired either manually or automatically in a manner as described at

the block 111 (FIGURE 7).

[0038]  With contrast normalized between the first and second images and
brightness set as desired, an operator can make a comparison between the first and

second 1mages. The method 200 ends at a block 212.

[0039]  Referring now to FIGURE 9, an exemplary host environment 300
may be used to host a system 302 for normalizing contrast between digital images,
and/or adjusting brightness setting of the digital images, and/or comparing the digital
images. The system 302 advantageously performs the method 100 (FIGURE 7) or the
method 200 (FIGURE 8), as desired. In one exemplary embodiment, the system 302
includes a computer 304, such as a personal computer, a desktop computer, a mainframe
computer, a workstation, a laptop computer, a palm top computer, a personal digital
assistant, or the like. The system 302 also includes storage media 306 that stores digital
reference 1mages. The storage media 306 may include any acceptable storage media,

such as an internal hard dnive, an external hard drive, optical disk storage, CD-ROM,

DVD, tloppy disk, or the like.

[0040]  In one exemplary environment, a digital radiograph of a part is
made and the digital radiograph is provided to the system 302. In a known manner, an x-
ray source 308 produces x-rays 310 that image a part 312. A digital detector 314 detects
an 1mage of the part 312. As discussed above, the digital radiography employed may
include any of a wide range of technologies, including flat panel technologies, computed
radiography, and a variety of scintillator and digital camera-based technologies. The
digital detector 314 provides a digital image of the image part 312 to the computer 304.
However, the digital image provided to the computer 304 may be any type of digital

image whatsoever as desired for a particular application.

[0041]  Referring now to FIGURES 10-13, a computer software program
product 1s executed by the computer 304 (FIGURE 9) to perform the methods 100 or 200
(FIGURES 7 and 8). Referring to FIGURE 10, two screens 400 and 410 are shown side-
by-side. The screens 400 and 410 may be displayed on the same monitor or on separate

monitors, as desired. The screen 400 shows a reference image. Given by way of non-

11
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limiting example, the reterence image is for gas porosity defects in 1/4 inch thick
aluminum. The reterence image includes eight plates for grading seventy ot defects and
a step wedge with thicknesses of 0.150 1n., 0.200 in., 0.250 in., 0.300 in., 0.400 in., and
0.500 in. The screen 410 shows a digital radiograph of an imaged part. Given by way of
non-limiting example, the part shown is an aluminum cast angle bracket. The imaged
part includes two areas of porosity defects, appearing as foamy or bubbly regions in gray
areas of the part. These areas of porosity defects in the digital radiograph will be

compared to the reference image.

[0042] A pulldown menu under "digital radiography" includes selections
for “statistics for DR line plot”, “DR line plot", "pixel size", "contrast calibration 1/4",
and "contrast calibration 3/4". The "statistics for DR line plot" and "DR line plot”
selections each select a line and generate a line plot. The "pixel size" selection allows
size of a pixel to be input and allows point-to-point measurements to be made. The
"contrast calibration 1/4” selects thickness of matenial, such as without limitation
aluminum, between 0 -1/2 inch for which contrast is to be normalized. Also, thickness
of the plates shown in the reference image are set to 1/4 inch. Similarly, the "contrast
calibration 3/4” selects thickness of material, such as without limitation aluminum,
between 1/2 -2 inch for which contrast is to be normalized. Also, thickness of the plates

shown in the reterence image are set to 3/4 inch. The part in this example is less than 2

inch thick, so "contrast calibration 1/4" is selected.

[0043] When "contrast calibration 1/4" 1s selected, screens 420 and 430 of
FIGURE 11 are generated. A "step 1" radio button 1s clicked and a box 1s drawn, such as
by clicking and dragging with a mouse, in the step 1 bracketing thickness of the screen
430. Pixels 1in the drawn box are analyzed for statistics. The statistic of interest is the
mean gray level value for the step | thickness of 0.150 in. This is because the mean gray
level value and the step 1 thickness of 0.150 in. will be used to calculate the change in

gray level value or dernivative of gray level value versus thickness.

[0044] A “step 2" radio button is clicked to select the next bracketing
thickness, and screens 440 and 450 of FIGURE 12 are generated. A box is drawn in the

step 2 thickness of the screen 450. Pixels in the drawn box are analyzed for statistics.

12
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Again, the statistic of interest 1s the mean gray level value for the step 2 thickness of

0.200 1n.

[0045] A "calibrate"” button is clicked, and screens 460 and 470 of FIGURE
13 are generated. The screen 460 represents the reference image and the screen 470
represents the digital radiograph of the imaged part. When the "calibrate” button is
clhicked, the changes in the mean gray level for step 1 and step 2 are calculated for the
screens 400 and 470 and divided by the change in thickness between the step 1 thickness
and the step 2 thickness for the screens 460 and 470, respectively. A ratio is determined
by dividing the result for the screen 460 by the result for the screen 470. As described
above tfor the method 200 (FIGURE 8), this ratio 1s multiplied by width of the window
for the reference image (that 1s, the screen 460). As a result, contrast between the digital
radiograph of the imaged part shown in the screen 470 is normalized with contrast for the
reference image shown in the screen 460. This contrast normalization is notably
perceived by comparison of the eight plates shown in the screen 440 (FIGURE 12) with
the eight plates shown in the screen 460. In the non-limiting example shown, porosity
defects shown in the screen 470 are comparable with porosity defects shown in either
plate 3 or plate 4 of the reterence image shown in the screen 460. Such a comparison
could not be performed without normalization of contrast between the digital radiograph
and the reference image. For example, referring briefly back to FIGURE 12, a
comparison between the digital radiograph shown in the screen 450 with any of the eight
plates shown 1n the reference image of the screen 440 would be meaningless.
Advantageously, as a result of normalization of contrast between the digital radiograph
and the reference image, a direct comparison between the digital radiograph and the

reference image can now be made.

[0046] Typically, computer program instructions may be loaded onto the
computer or other programmable apparatus to produce a machine, such that the
instructions which execute on the computer or other programmable apparatus create
means for implementing the functions specified in the flowcharts or screen shot block(s)
or step(s). These computer program instructions may also be stored in a computer-
readable memory that can direct a computer or other programmable apparatus to function
In a particular manner, such that the instructions stored in the computer-readable memory

produce an article of manufacture including instruction means which implement the

13
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function specified in the flowchart or screen shot block(s) or step(s). The computer
program instructions may also be loaded onto the computer or other programmable
apparatus to cause a series of operational steps to be performed on the computer or other
programmable apparatus to produce a computer implemented process such that the
istructions which execute on the computer or other programmable apparatus provide

steps for implementing the functions specified in the flowchart or screen shot block(s) or

step(s).

[0047] Accordingly, blocks or steps of the tlowchart or screen shot
tllustrations support combinations of means for performing the specified functions and
program instruction means for performing the specified functions. It will also be
understood that each block or step of the flowchart or screen shot illustrations, and
combinations of blocks or steps in the tlowchart or screen shot illustrations, can be
implemented by special purpose hardware-based computer systems which perform the
specified functions or steps, or combinations of special purpose hardware and computer

Instructions.

[0048] While the preferred embodiment of the invention has been
illustrated and described, as noted above, many changes can be made without departing
from the spirit and scope of the invention. Accordingly, the scope of the invention is not
l[imited by the disclosure of the preferred embodiment. Instead, the invention should be

determined entirely by reference to the claims that follow.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of normalizing contrast between digital images, the method

comprising:

determining a derivative of gray level for a first digital image having a

first contrast level;

determining a derivative of gray level for a second digital image
having a second contrast level that is greater than the first contrast

level;

determining a ratio of the derivative of gray level for the first digital

image to the derivative of gray level for the second digital image; and

equalizing the derivative of gray level for the first digital image with
the derivative of gray level for the second digital image by determining
a window mapping by multiplying the ratio of the derivative of gray
level for the first digital image to the derivative of gray level for the

second digital image by a width of a window of the first digital image.

2. The method of Claim 1, wherein equalizing includes accessing a look-up
table.

3. The method of Claim 2, wherein the look-up table is non-linear.

4, The method of Claim 1, wherein determining a derivative includes

determining a function that defines a derivative, the function including one of

a logarithmic function and a polynomial fit function.

. The method of Claim 1 wherein determining a derivative includes determining

a derivative with respect to thickness.

0. A system for normalizing contrast between digital images, the system

comprising:

a storage device configured to store at least a first digital image having

a first contrast level;

15
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an input interface configured to input at least a second digital image
having a second contrast level that is greater than the first contrast

level; and
a processor including:

5 a first component configured to determine a derivative of gray

level for the first digital image;

a second component configured to determine a derivative of

gray level for the second digital image;

a third component configured to determine a ratio of the
10 derivative of gray level for the first digital image to the

derivative of gray level for the second digital image; and

a fourth component configured to determine a window mapping
to equalize the derivative of gray level for the first digital
image with the derivative of gray level for the second digital
15 image, wherein the fourth component is further configured to
determine the window mapping by multiplying the ratio of the
derivative of gray level for the first digital image to the
derivative of gray level for the second digital image by a width

of a window of the first digital image.

20 7. The system of Claim 6, wherein the fourth component 1s further configured to

access a look-up table.
8. The system of Claim 7, wherein the look-up table is non-linear.

9. The system of Claim 6, wherein the first and second components are further
configured to determine a function that defines a derivative, the function

25 including one of a logarithmic function and a polynomial fit function.

10.  The system of Claim 6, wherein the first and second components are further

configured to determine a derivative with respect to thickness.

11. A computer-readable storage medium storing codes for directing a processor

to normalize contrast between digital images, the codes comprising:

16
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codes for directing the processor to determine a derivative of gray level

for a first digital image having a first contrast level;

codes for directing the processor to determine a derivative of gray
level for a second digital image having a second contrast level that is

S greater than the first contrast level;

codes for directing the processor to determine a ratio of the derivative
of gray level for the first digital image to the derivative of gray level

for the second digital image; and

codes for directing the processor to equalize the derivative of gray
10 level for the first digital image with the derivative of gray level for the
second digital image, by determining a window mapping by
multiplying the ratio of the derivative of gray level for the first digital
1mage to the derivative of gray level for the second digital image by a

width of a window of the first digital image.

15 12.  The computer-readable storage medium of Claim 11, further comprising codes

for directing the processor to access a look-up table.

13.  The computer-readable storage medium of Claim 12, wherein the look-up

table 1s nonlinear.

14.  The computer-readable storage medium of Claim 11, further comprising codes
20 for directing the processor to determine a function that defines a derivative,

the function including one of a logarithmic function and a polynomial fit

function.

15. The computer-readable storage medium of Claim 11, further comprising codes

for directing the processor to determine a derivative with respect to thickness.

25 16. A method of normalizing contrast between digital images, the method

comprising:

determining a derivative of gray level for a first digital image having a
first contrast level by determining a first function that defines the

derivative of gray level for the first digital image, the first function

17
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including one of a logarithmic function and a polynomial fit function;

determining a derivative of gray level for a second digital image
having a second contrast level by determining a second function that
defines the derivative of gray level for the second digital image, the
5 second function including one of a logarithmic function and a
polynomial fit function, wherein the second contrast level 1s greater

than the first contrast level;

determining a ratio of the derivative of gray level for the first digital

image to the derivative of gray level for the second digital image; and

10 equalizing the derivative of gray level for the first digital image with

the derivative of gray level for the second digital image.

17.  The method of Claim 16, wherein equalizing includes accessing a look-up

table.

18.  The method of Claim 17, wherein the look-up table is nonlinear.

15 19. The method of Claim 16, wherein determining a derivative determines a

derivative with respect to thickness.

20. A system for normalizing contrast between digital images, the system

comprising:

a storage device configured to store at least a first digital image having

20 a first contrast level;

an input interface configured to mput at least a second digital image
having a second contrast level that is greater than the first contrast

level; and

a processor including:

25 a first component configured to determine a derivative of gray
level for the first digital image by determining a first function
that defines the derivative of gray level for the first digital

image, the first function including one of a logarithmic function

18
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and a polynomial fit function;

a second component configured to determine a derivative of
eray level for the second digital image by determining a second
function that defines the derivative of gray level for the second
digital image, the second function including one of a

logarithmic function and a polynomaial fit function;

a third component configured to determine a ratio of the
derivative of gray level for the first digital image to the

derivative of gray level for the second digital image; and

a fourth component configured to equalize the derivative of
gray level for the first digital image with the derivative of gray

level for the second digital image.

The system of Claim 20, wherein the fourth component 1s further configured

to access a look-up table.
The system of Claim 20, wherein the look-up table is nonlinear.

The system of Claim 20, wherein the first and second components are further

configured to determine a derivative with respect to thickness,

A computer-readable storage medium storing codes for directing a processor

to normalize contrast between digital images, the codes comprising:

codes for directing the processor to determine a derivative of gray level

for a first digital image having a first contrast level;

codes for directing the processor to determine a derivative of gray level
for a second digital image having a second contrast level that 1s greater
than the first contrast level, by determining a function that defines a

derivative, the function including one of a logarithmic function and a

polynomial fit function;

codes for directing the processor to determine a ratio of the derivative

of gray level for the first digital image to the derivative of gray level

for the second digital image; and

19
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codes for directing the processor to equalize the derivative of gray
level for the first digital image with the derivative of gray level for the

second digital image.

The computer-readable storage medium of Claim 24, further comprising codes

for directing the processor to determine a window mapping.

The computer-readable storage medium Claim 25, further comprising codes
for directing the processor to determine a window mapping by multiplying the
ratio of the derivative of gray level for the first digital image to the derivative

of gray level for the second digital image by a width of a window of the first

digital image.

The computer-readable storage medium of Claim 24, further comprising codes

for directing the processor to access a look-up table.

The computer-readable storage medium of Claim 27, wherein the look-up

table 1s nonlinear.

The computer-readable storage medium of Claim 24, further comprising codes

for directing the processor to determine a derivative with respect to thickness.

20
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