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ABSTRACT 

A method of producing a mask for digital unsharp masking 
or for digital equalization and a computer readable memory 
having recorded thereon statements and instructions for 
execution on a computer for carrying out the method both 
comprise: receiving an unprocessed digital radiograph; cre 
ating a ?rst neW image that is a copy of the radiograph; then 
creating a second neW image by blurring the ?rst neW image 
With a kernel of a selected starting kernel siZe. 
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BALANCING AREAS OF VARYING DENSITY IN A 
DIGITAL IMAGE 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
application Ser. No. 10/302,821, Which claims priority from 
and incorporates by reference US. application Ser. No. 
60/333,224 entitled “Lens Assembly and Barrel Correction 
Method For X-Ray System”, US. application Ser. No. 
60/333,252 entitled “Self Diagnostic System for Optically 
Coupled Digital Radiography”, US. application Ser. No. 
60/333,207 entitled “Positioning Stand for a Radiography 
Imaging Device”, and US. application Ser. No. 60/333,206 
entitled “Balancing Areas of Varying Density in a Digital 
Image”, all ?led on Nov. 23, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention is directed generally to digi 
tal radiography, and in particular to an image processing 
apparatus, program and method for balancing areas of 
Widely varying density in a digital image. 

BACKGROUND OF THE INVENTION 

[0003] For over a hundred years photographic ?lms have 
been used to capture and display x-rays for diagnostic 
purposes. In the last ten years or so, digital radiography has 
become increasingly popular. Digital radiography refers to 
the application of digital image processing techniques to 
projection radiography (x-rays). Digitally recorded x-rays 
are superior to those recorded With photographic ?lm due to 
the greater dynamic range of the digital recording system. 
Furthermore, computer image processing techniques pro 
vide a Wealth of capabilities to study otherWise obscured 
details Within the image. 

[0004] To take a digital radiograph, a digital radiography 
imaging unit is positioned behind a subject. A standard 
radiographic generator directs radiation through the subject 
to a ?uorescent-imaging screen mounted just behind the 
front surface of the imaging unit. The imaging screen is the 
conversion media for radiation to visible light. The ?uores 
cent-imaging screen absorbs the radiographic radiation and 
emits light of a particular Wavelength Which closely matches 
the peak sensitivity of a charge coupled device (CCD) 
camera. A front-surfaced mirror is positioned at a 45 degree 
angle inside the imaging unit to direct the radiographic 
image into the CCD camera. The mirror alloWs the CCD 
camera to be positioned out of the direct path of the 
radiation, effectively shielding it from radiation exposure 
and prolonging its life. A high-e?iciency lens reduces the 
image and directs it onto the surface of the CCD. 

[0005] The visual image formed by the ?uorescent-imag 
ing screen is converted into a digital image by the CCD 
sensor. A control computer converts the image into a medical 
image ?le that can be vieWed for clinical diagnosis, 
enhanced and electronically stored With the patient demo 
graphic information in a picture archiving system. 

[0006] In a digital radiographic image, it is often desirable 
to reduce the contrast betWeen various parts of the image so 
that detailed information in all parts of the image can be 
vieWed at the same brightness and contrast (WindoW level 
and Width) settings. As an example, in a chest radiograph, a 
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patient’s ribs may be obscured by differing amounts of soft 
tissue. The result is that some of the ribs may appear to have 
loWer contrast even though they are the same thickness and 
density as others. 

SUMMARY OF THE INVENTION 

[0007] According to one aspect of the invention, there is 
provided an equalization method for balancing areas of 
varying density Within a digital image. The equaliZation 
method comprises the folloWing steps: 

[0008] (a) receiving an unequaliZed digital image hav 
ing a plurality of pixels each With an unequaliZed 
intensity value; 

[0009] (b) associating a blurred intensity value to each 
pixel; 

[0010] (c) selecting an image enhancement strength 
factor for the image; 

[0011] (d) selecting an exposure compensation factor 
for the image; 

[0012] (e) determining a mask intensity value for each 
pixel by calculating the linear convex combination of 
the pixel’s blurred intensity value and the exposure 
compensation factor, Wherein the degree of convex 
combination is determined by the strength factor; 

[0013] (f) determining an enhanced intensity value for 
each pixel by dividing the pixel’s unequaliZed intensity 
value by the pixel’s mask intensity value, and then 
scaling the dividend by the exposure compensation 
factor; then 

[0014] (g) displaying an enhanced image having a plu 
rality of pixels at their enhanced intensity values. 

[0015] The blurred intensity value for each pixel may be 
a function of the unequaliZed intensity values of the pixels 
in a surrounding kernel. In particular, the blurred intensity 
value for each pixel may be the average of the unequaliZed 
intensity values of the pixels in a surrounding kernel. 

[0016] The exposure compensation factor may be selected 
to be the mean blurred intensity value of the image. The 
mask intensity value may be determined to be the exposure 
compensation factor*(l—strength factor)+strength factor* 
blurred intensity value. 

[0017] According to another aspect of the invention, the 
equaliZation method described above may be incorporated 
into a module of a program encoded on a computer-readable 
storage medium. 

[0018] According to another aspect of the invention, there 
is provided a digital radiography processor that is pro 
grammed to balance areas of varying density Within a digital 
image according to the equaliZation method described 
above. 

[0019] According to yet another aspect of the invention, 
there is provided a method of producing a mask for digital 
unsharp masking or for digital equaliZation, comprising: 

[0020] (a) selecting a starting kernel siZe K; 

[0021] (b) selecting a minimum kernel siZe M; 

[0022] (c) selecting a number of iterations n; 
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[0023] (d) receiving an unprocessed digital radiograph 
s 

[0024] (e) creating a ?rst neW image I' by copying the 
radiograph I; 

[0025] (f) creating a second neW image Ii by blurring the 
?rst neW image I' With a kernel of the starting kernel 
size K; 

[0026] (g) replacing pixel values in the ?rst neW image 
I' by retrieving the pixel-Wise maximum of the second 
neW image Ii and the radiograph I; 

[0027] (h) dividing the starting kernel size K by tWo; 
then 

[0028] (a) repeating steps (f) through (h) for either the 
selected number of iterations n or until the starting 
kernel size is less than or equal to the minimum kernel 
size. 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] FIG. 1 is a schematic illustration of a digital 
radiography system having a computer With an image 
enhancing program that carries out an equalization method 
on captured unequalized x-ray images. 

[0030] FIG. 2 is a ?owchart of the steps performed in the 
equalization method. 

DETAILED DESCRIPTION 

[0031] In one embodiment of the invention, there is pro 
vided a digital radiography system that digitally captures an 
x-ray image and applies to the image a digital equalization 
method modeled after a method knoWn in the World of 
analog ?lm processing as unsharp masking. 

[0032] Analog Unsharp Masking: Photographic ?lm has a 
higher dynamic range than photographic paper. Therefore, 
high contrast images captured on a ?lm negative may not 
display Well on a paper print. For example, in a paper print 
of a person standing inside a darkened room and beside a 
bright WindoW, the person may appear dark and his details 
may be obscured, even though the ?lm negative from Which 
the print Was developed may have su?icient dynamic range 
to capture the details of the person. Similarly, a person 
standing outside and visible through the WindoW may appear 
so bright that his details may not be clearly visible on the 
paper print. Special ?lm processing techniques can be 
applied to bring the details captured on the ?lm negative 
Within the dynamic range of the paper. An example of such 
a ?lm processing technique is analog unsharp masking. This 
process helps ease contrast problems in the paper print 
caused by the ?lm capturing a high contrast image, by 
balancing areas of Widely varying density in the image. It 
also has the effect of sharpening the resulting image. 

[0033] Analog unsharp masking involves ?rst creating an 
under-exposed unsharp negative of the original image nega 
tive, knoWn as an “unsharp mask”. In other Words, a 
Washed-out, blurry positive is produced on ?lm. Then, the 
unsharp mask is overlaid With the original image negative, 
and the mask and original negative are developed together. 
This process balances areas of Widely varying density in the 
original image negative, such that When the image is dis 
played on a paper print, edges and details are enhanced. 
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[0034] This process can be manipulated to vary the 
appearance of the printed image. For example, the amount of 
blurring and the degree of underexposure can be indepen 
dently varied. If the mask is perfectly exposed (no under 
exposure) and is not blurred, then unsharp masking Will 
produce a perfectly gray picture. If the mask is perfectly 
exposed and is moderately blurred, then only the edges of 
the image Will be enhanced With the rest of the image being 
predominantly gray. At the other extreme, Where the mask is 
extremely blurrediso that no shapes are discemableithe 
masking Will serve to even out very broad changes in 
illumination in the captured image. 

[0035] This masking process is multiplicative in that the 
mask attenuates the light coming through the original nega 
tive. It does not remove the light by subtraction, since each 
point attenuates a speci?c percentage of the light that is 
incident upon it. 

[0036] Digital Unsharp Masking: The digital equalization 
method as described in this embodiment is different from a 
method knoWn in the art as digital unsharp masking, Which 
contrary to its name, is not precisely analogous to analog 
unsharp masking. ‘Digital unsharp masking’ as commonly 
used in the art is an unfortunate misnomer because the 
method speci?cally uses subtraction to apply the mask. 

[0037] Digital Equalization: The digital equalization 
method of this embodiment brings details that span a Wide 
dynamic range in a digitally captured image into a narroWer, 
vieWable dynamic range as Well as enhances ?ne details in 
the captured image. 

[0038] The digital equalization method can be expressed 
mathematically as folloWs: 

I __ : HIM] (1) 

EM F(l —S) + SHED-J] 

Wherein 

[0039] I[i,j] is the unequalized image intensity for a 
selected pixel at location [i,j] in an image having 
dimensions [m,n]; 

[0040] IE[i,j] is the enhanced image intensity for the 
pixel at [i,j]; 

[0041] IB[i,j] is the blurred image intensity for the pixel 
at [i,j] calculated as the mean intensity value of the 
pixels in a kernel around the pixel [i,j], the kernel 
having a size selectable by the user (typically betWeen 
100x100 and 200x200); 

[0042] F is the exposure compensation factor, selectable 
by the user and typically selected as the mean blurred 
intensity of the pixels. 

[0043] s is an image enhancement strength factor vary 
ing betWeen 0 and l (0-l00%). 

[0044] Increasing the strength factor s reduces the contrast 
of areas in the image having only slight variations in 
intensity, While simultaneously accentuating areas having 
high variations in intensity, such as areas of ?ne detail or 
edges. Note that if the image enhancement strength factor s 
is zero, then 
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and no change occurs. This is the digital equivalent to 
leaving a mask unexposed so that it is uniformly translucent. 
If, on the other hand the image enhancement factor s is set 
to 100%, i.e. s=1 and no blurring is applied, IB[IJ]=I[IJ]and 

IE[ii/']=F *1[ii/']/(0+1[ii/'])=F for [Iii/1:0 
Which is a uniform gray at the selected exposure compen 
sation factor F. 

[0045] By applying this digital equalization method, infor 
mation present over a Wide dynamic range in a captured 
digital image can be presented at one time on a computer 
display, Which has a very limited dynamic range, typically 
capable of displaying only 256 shades of gray at one time. 
This presents a clear advantage over currently available 
methods Which primarily depend on adjustment of WindoW 
and level settings to ?nd a best compromise display. Using 
the digital equalization method, a radiologist can easily see 
both bony and soft tissue detail in one vieW, thereby pro 
viding a better and faster diagnostic reading of the image. 

[0046] The digital equaliZation method is a perfect analog 
to analog unsharp masking. The denominator of equation (1) 
is analogous to the pixel intensity of an analog unsharp 
mask, and can be denoted as IMM]: 

F * 1M] (2) 

1M 0111 

[0047] The pixel mask intensity IMU?is thus a convex 
combination of the pixel’s blurred intensity value IB[LJ-]and 
the exposure compensation factor F, and the degree of the 
convex combination is determined by the strength factor S. 

[0048] Equation (2) illustrates that, unlike conventional 
digital unsharp masking, the equaliZation method is a mul 
tiplicative process Wherein the pixel enhanced intensity 
value is determined by dividing the pixel unequaliZed inten 
sity value by the pixel mask intensity value and scaling the 
dividend by the exposure compensation factor. As a result, 
the proportionality of the details relative to their illumination 
is preserved. For example, consider tWo ribs that each 
attenuate 5% of incoming X-radiation, i.e. each have the 
same density. If one rib is obscured by more soft tissue than 
the other rib, the unequaliZed image Will shoW the more 
obscured rib as having a smaller absolute change in intensity 
relative than the less obscured rib, even though both ribs 
have the same density. By applying the equaliZation method, 
both ribs Will have an increasingly similar absolute bright 
ness (intensity) as the dynamic range is narroWed, i.e. as the 
image enhancement strength factor is increased. At full 
equaliZation (strength factor=l00%), ribs of the same den 
sity should shoW the same absolute brightness irrespective 
of the amount of obscuring material. This is analogous to 
applying a perfectly exposed blurry mask to a ?lm negative. 

[0049] A further re?nement to the equaliZation method 
involves reducing the symmetry of the sharpening effect 
caused by the equaliZation method. Typically, When one 
applies an edge enhancement operator to an image, there is 
a symmetric enhancement. This means that on the darker 
side of any edge the image gets darker and on the brighter 
side, the image gets brighter. This can result in some 
confusion in digital radiographs, Where a dark line could be 
misinterpreted as a break or as an unusual separation of soft 
tissue from bone. 
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[0050] A radiographic image is the result of attenuated 
x-rays. This is in contrast to a photograph that one might 
take With a hand-held camera, Where the light that reaches 
the ?lm has been re?ected from objects in the scene. 

[0051] The result is that Wherever the object or person 
being imaged is more opaque to x-rays less signal is 
observed For a digital system this translates into smaller 
pixel values for objects of interest. 

[0052] This leads us to the realiZation that the background 
in a radiograph typically gives a stronger signal than that 
obtained from anatomy. Therefore, the folloWing procedure 
for producing a mask can be used either for digital unsharp 
masking or for digital equaliZation: 

[0053] 
[0054] 
[0055] 
[0056] 
[0057] 
[0058] (f) create a neW image Ii by blurring I' With the 

‘boxcar kernel’ of siZe K. 

(a) given a starting kernel siZe K 

(b) given a minimum kernel siZe M 

(c) given a number of iterations n 

(d) given an unprocessed digital radiograph I 

(e) create a neW image I' by copying I 

[0059] (g) replace the pixel values in I' by retrieving the 
pixel-Wise maximum of Ii and I. 

[0060] (h) Divide K by 2. 

[0061] (i) Repeat steps 6 through 8 for either n iterations 
or until KéM. 

[0062] The equaliZation method is incorporated into a 
softWare program that processes raW x-ray image data 
captured by a digital x-ray imaging detector. An example of 
an digital imaging system that includes the detector and a 
computer that stores the imaging processing program is the 
Xplorer 1700 digital radiography imaging system manufac 
tured and sold by Imaging Dynamics Company Ltd. 

[0063] The folloWing description of the method of using 
the Xplorer system to take an x-ray image of a patient in a 
hospital illustrates the operation of the equaliZation method. 
Referring to FIG. 1: 

[0064] As soon as a patient is in position and a part of the 
patient’s body selected for imaging has been set in place, an 
x-ray source 10 is turned on and x-rays are directed toWards 
the patient. X-rays passing through the patient are captured 
by a detector 12 and converted into a raW digital x-ray 
image. In particular, the x-ray image reaching the detector 
12 is ?rst converted into visible light by a scintillator 14. The 
visible light is then re?ected by a mirror 16 toWards a 
camera lens 18, Which reduces and directs the visual image 
onto the surface of a charge coupled device (CCD) 20, Which 
converts the visual image into a digital image. The digital 
image is then transferred to a computer 22 Which is com 
municatively linked to the CCD 20. The computer 22 stores 
the captured raW (unprocessed) digital image in a medical 
image ?le, and runs an imaging processing program to 
process the raW image data into an enhanced form more 
useful for vieWing. 

[0065] The imaging processing program employs a series 
of imaging enhancing methods that are applied to enhance 
the appearance of the captured raW image. First, a series of 
hardWare related corrections are made: A dark ?eld correc 
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tion method is applied to correct for image noise caused by 
current generated by the thermal processes Within the CCD. 
This is an additive process. Then, a ?at ?eld correction 
method is employed for correcting for a ?at ?eld map of 
pixel non-uniformity (some pixels Will respond to light With 
a higher output than others). This is a multiplicative process. 
Then, a barrel correction method is employed for correcting 
distortion caused by the lens design. 

[0066] After the hardWare related corrections have been 
made, the program executes a segmentation algorithm to 
determine Which part of the body is being imaged. Then, the 
program applies an automatic contrast enhancement (the 
selected enhancement values depending on the part of the 
body), by mapping the several thousand shades of gray 
captured by the CCD into the several hundred shades 
available for display on the computer monitor. Then, a 
conventional digital unsharp masking method is applied to 
sharpen certain aspects of the captured image. 

[0067] Then, the program executes an equalization 
method module to balance out the image. Referring to the 
?owchart in FIG. 2, the method begins by receiving an 
unequaliZed digital image as an array of pixels [m.n], 
Wherein each pixel [i,j] in the array [m,n] has an unequaliZed 
intensity value l[i,j], as shoWn in process block 30. The 
method then receives a number of operator-inputted values, 
namely: a kernel siZe K, an image enhancement strength 
factor S, and an exposure compensation factor F, as shoWn 
in process block 40. The strength factor S may be selected 
according to the particular anatomy of the body being 
examined. Some suitable strength factors are: 

Chest Lateral l5 % 
Chest PA 20% 
Knee 40% 
Abdomen 20% 
Hand 50% 
Extremities 40*60% 

[0068] The method then determines the blurred intensity 
value lBu?for each pixel [i,j] by calculating the mean 
unequaliZed intensity of the pixels in the kernel surrounding 
the selected pixel [i,j], as shoWn in process block 50. 

[0069] Then, the method determines the mask intensity 
value 1MB ?for each pixel [i,j] by performing the convex 
combination calculation: F*(l—S)+S*lB[id-]. This step is 
shoWn in process block 60. 

[0070] Once the mask intensity value has been determined 
for each pixel, the method determines the enhanced intensity 
value lE?L?of each pixel [i,j], by dividing the pixel’s 
unequaliZed intensity value l?a?by the pixel’s mask intensity 
value 1MB L1], then multiplying the dividend by the exposure 
compensation factor F. This step is shoWn in process block 
70. 

[0071] After the enhanced intensity values have been 
determined for all the pixels, an enhanced image comprising 
all the enhanced pixels is compiled and sent to a display 
device (not shoWn) for display. This step is shoWn in process 
block 80. 

[0072] While the preferred embodiment of the invention 
has been illustrated and described, it Will be appreciated that 
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various changes can be made therein Without departing from 
the scope and spirit of the invention. 

What is claimed is: 
1. A method of producing a mask for digital unsharp 

masking or for digital equalization, comprising: 

(a) selecting a starting kernel siZe; 

(b) selecting a minimum kernel siZe; 

(c) selecting a number of iterations; 

(d) receiving an unprocessed digital radiograph; 

(e) creating a ?rst neW image by copying the radiograph; 

(f) creating a second neW image by blurring the ?rst neW 
image With a kernel of the starting kernel siZe; 

(g) replacing pixel values in the ?rst neW image by 
retrieving the pixel-Wise maximum of the second neW 
image and the radiograph; 

(h) dividing the starting kernel siZe by tWo; then 

(i) repeating steps (f) through (h) for either the selected 
number of iterations or until the starting kernel siZe is 
less than or equal to the minimum kernel siZe. 

2. A method as claimed in claim 1 Wherein in step (a) the 
starting kernel siZe is betWeen 100x100 and 200x200 pixels. 

3. Amethod as claimed in claim 1 Wherein in step (f), the 
second neW image has a blurred intensity determined for 
each pixel in the second neW image by referencing an 
unequaliZed intensity value of the pixels in a kernel sur 
rounding each pixel. 

4. A method of claim 3 Wherein the blurred intensity for 
each pixel in the second neW image is the average of the 
unequaliZed intensity values of the pixels in the kernel 
surrounding each pixel. 

5. A method of producing a mask for digital unsharp 
masking or for digital equaliZation, comprising: 

(a) receiving an unprocessed digital radiograph; 

(b) creating a ?rst neW image that is a copy of the 
radiograph; then 

(c) creating a second neW image by blurring the ?rst neW 
image With a kernel of a selected starting kernel siZe. 

6. Amethod as claimed in claim 5 further comprising after 

(0)1 
(d) replacing pixel values in the ?rst neW image by 

retrieving the pixel-Wise maximum of the second neW 
image and the radiograph; 

(e) reducing the starting kernel siZe; then 

(f) repeating steps (c) to (e) until the starting kernel siZe 
is less than or equal to a selected number of iterations 
or a selected minimum kernel siZe. 

7. A method as claimed in claim 6 Wherein in (e) the 
starting kernel siZe is reduced by tWo. 

8. A computer-readable memory having recorded thereon 
statements and instructions for execution by a computer to 
carry out a method for producing a mask for digital unsharp 
masking or for digital equaliZation comprising: 

(a) selecting a starting kernel siZe; 

(b) selecting a minimum kernel siZe; 

(c) selecting a number of iterations; 
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(d) receiving an unprocessed digital radiograph; 

(e) creating a ?rst neW image by copying the radiograph; 

(f) creating a second neW image by blurring the ?rst neW 
image With a kernel of the starting kernel siZe; 

(g) replacing pixel values in the ?rst neW image by 
retrieving the pixel-Wise maximum of the second neW 
image and the radiograph; 

(h) dividing the starting kernel siZe by tWo; then 

(i) repeating steps (f) through (h) for either the selected 
number of iterations or until the starting kernel siZe is 
less than or equal to the minimum kernel siZe. 

9. A memory as claimed in claim 8 Wherein in step (a) the 
starting kernel siZe is betWeen 100x100 and 200x200 pixels. 

10. A memory as claimed in claim 9 Wherein in step (i), 
the second neW image has a blurred intensity determined for 
each pixel in the second neW image by referencing an 
unequaliZed intensity value of the pixels in a kernel sur 
rounding each pixel. 

11. A memory as claimed in claim 7 Wherein the blurred 
intensity for each pixel in the second neW image is the 
average of the unequaliZed intensity values of the pixels in 
the kernel surrounding each pixel. 

12. A computer-readable memory having recorded 
thereon statements and instructions for execution by a 
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computer to carry out a method for producing a mask for 
digital unsharp masking or for digital equalization compris 
ing: 

(a) receiving an unprocessed digital radiograph; 

(b) creating a ?rst neW image that is a copy of the 
radiograph; then 

(c) creating a second neW image by blurring the ?rst neW 
image With a kernel of a selected starting kernel siZe. 

13. A memory as claimed in claim 12 further comprising 
after (c): 

(d) replacing pixel values in the ?rst neW image by 
retrieving the pixel-Wise maximum of the second neW 
image and the radiograph; 

(e) reducing the starting kernel siZe; then 

(i) repeating steps (c) to (e) until the starting kernel siZe 
is less than or equal to a selected number of iterations 
or a selected minimum kernel siZe. 

14. A memory as claimed in claim 13 Wherein in (e) the 
starting kernel siZe is reduced by tWo. 


