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(57) The present invention discloses a display gray
scale curve correction system and method for molybde-
num target mammography, comprising: a key module,
an ARM module, an upper computer, an FPGA module
connected with the outputs of the ARM module and the
upper computer, and a display panel connected with the
output of the FPGA module, wherein the upper computer
firstly captures the currently displayed mammography,
then analyzes the image features, calculates the opti-
mized gray scale correction curve, and the ARM module
writes the gray scale correction curve into the FPGA mod-

ule through a serial communication protocol; the FPGA
module performs grayscale mapping twice for pixel val-
ues of the input image, and enhances the display of the
mammography image. Compared with the standard DI-
COM calibration curve, the features of the mammogra-
phy X-ray image are included in the scope of the optimi-
zation, which can highlight the possible parts of the le-
sion. Furthermore, the present invention is convenient to
operate and does not occupy the upper computer re-
sources to ensure smooth operation.
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Description

Field of the invention

[0001] The present invention relates to a display gray scale curve correction system and method for molybdenum
target mammography, and more particularly to a display gray-scale curve correction system and method by using an
upper computer and a display for gray-scale curve correction processing according to the image features of a breast
mammography itself so as to realize the display effect enhancement of the mammography image.

Background of the invention

[0002] With the continuous development of the medical industry, the diagnosticians has raised a higher requirement
on the display effect of a medical image so as to improve the efficiency and accuracy of medical diagnosis, and the
application of professional medical monitor has become more and more popular. Different from the normal displays,
medical displays usually apply DICOM correction to make the output grayscale levels comply with the Grayscale Standard
Display Function (GSDF) and thus the diagnosticians be capable of distinguishing each grayscale level.
[0003] However, DICOM correction only takes into account the human eye’s ability to recognize the change of the
grayscale level, and not the characteristics of the image to be displayed. So for medical images in certain fields, such
as a mammography X-ray image, the DICOM curve can not be used to enhance the display of the tissue site that might
have a lesion.
[0004] The method of the present application makes improvements to DICOM curve, and by analyzing a mammography
X-ray image and optimizing gray-scale curve according to the characteristics of the mammography X-ray image, the
grayscale level of the lesion possibly present in the mammography X-ray image is highlighted, potential lesions are
easier to be identified, and the diagnosis efficiency and accuracy of lesions for the doctor are further improved. In addition,
the gray-scale curve correction operation of the method is conducted in FPGA loaded by the display board in real time,
and it does not occupy the computing resources of the upper compuber to correct extremely high resolution mammography
X-ray image and make the system run smoothly.

Summary of the invention

[0005] In view of the disadvantages of the existing professional medical display technology, the present invention
proposes a display gray scale curve correction system and method for molybdenum target mammography.
[0006] To achieve above purpose, the present application provides a first embodiment: a key module for providing
signal input, an ARM module for receiving triggered instructions from the key module, an upper computer connected
with the ARM module in two directions, an FPGA module connected with the outputs of the ARM module and the upper
computer, and a display panel connected with the output of the FPGA module,
wherein the upper computer firstly captures the currently displayed mammography, then analyzes the image features,
calculates the optimized gray scale correction curve, and the ARM module writes the gray scale correction curve into
the FPGA module through a serial communication protocol;
the FPGA module performs grayscale mapping twice for pixel values of the input image, according to the received
grayscale correction curve and the standard DICOM correction, and enhances the display of the mammography image,
wherein the serial communication protocol is preferably SPI or I2C protocol.
[0007] Based on above technical solution, further embodiments are provided as follows:
In the analysis of the image features by the upper computer, two kinds of inefficient information: "low gray-scale pixels
of the transition zone between the skin and the background of the mammography image" and "a certain percentage of
the maximum brightness pixels" are ignored, and the grayscale stretching operation is performed.
[0008] According to different types of mammary gland, the upper computer designs two optimization schemes respec-
tively, and in the process of the gray scale transformation correction, enhances the high grayscale gland tissue and low
grayscale fibrous trabecular tissue respectively in the displayed image.
[0009] The upper computer locates the gray-scale calibration curve by inserting feature points, and then obtains the
entire curve by piecewise interpolation of feature points, wherein the piecewise interpolation algorithm executed by the
upper computer uses both linear interpolation and three order (cubic) Hermite interpolation algorithm.
[0010] The FPGA module has more than two look-up tables, and carries out two grayscale mappings to perform
grayscale correction on a target image grayscale, by using a curve obtained by the upper computer piecewise interpolation
algorithm and the DICOM curve respectively.
[0011] According to the second embodiment, the present invention proposes a display gray scale curve correction
method for molybdenum target mammography , comprising:
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S1: an ARM module sends a trigger instruction to an upper computer when it detects a triggering instruction from
a key module;
S2: the upper computer captures a currently displayed breast image, analyzes the image features, calculates the
optimized gray-scale correction curve, and transmits the curve to the ARM module, when it receives the trigger
instruction;
S3: the ARM module writes the correction curve into an FPGA module through a relevant protocol;
S4: according to the received optimization curve and a standard DICOM curve, the FPGA module performs two
gray-level mappings on the pixel values of the input image and then outputs the corrected pixel gray-scale values
to a display panel.

[0012] In Step S2, the grayscale pixel points that are irrelevant and less relevant to diagnosis in the image are ignored..
[0013] In step S2, according to the characteristics of the breast, different optimization schemes are adopted for the
curve: for fat type mammary gland, the curve is designed to weaken the display effect of the high-grayscale part and
enhance the texture features of the low-grayscale part; for the dense mammary gland of gland type, the curve is designed
to weaken the display effect of the low grayscale part and enhance the gland organization of high grayscale parts.
[0014] In Step S2, the upper computer captures the current breast mammography X-ray images, and performs feature
analysis based on the target image grayscale histogram, expressed as: 

[0015] b represents the gray-scale bits of the display (display data width), Z represents collection of positive integers.
From this gray-scale histogram, two feature points will be extracted: P0(x0,0) and P1(x1,2b-1). x0 is the maximum positive

integer satisfying f(x1)<2·T1 wherein T1 is defined to be the minimum value of y. x1 is the maximum integer satisfying

 wherein T2 is defined to be 0.002% of the total pixels in the image.

[0016] The upper computer then calculates the coordinates of P2, P3 and P4 based on the coordinates of P0 and P1.
P2, P3 and P4 come from the statistics of the grayscale curves of a large number of breast mammography images, which
contains the common features of breast images.
[0017] The curve calculation of the present invention is mainly two aspects of optimization and correction:

The first aspect is to compensate for the difference in image personality caused by different shooting conditions.
According to the histogram distribution of images, the grayscale distribution of the target image can make full use
of all the grayscale values (entire grayscale range) of the display through grayscale stretching. In the premise of
not affecting the observation effect, the gray-scale pixels in the image irrelevant and less relevant to the diagnosis
are also ignored: the pixels in the transition zone between the breast skin and the background are ignored; and
0.002% of pixel points with the maximum brightness of the image are ignored. This treatment is mainly to ignore
the inefficient information in a part of the breast images and increase the range of gray scales that can be used in
the region of interest.
The second aspect is to use different optimizations for the curve according to the characteristics of the mammary
gland (Bi-RADS-defined mammary gland morphology). For fat-type mammary glands (A/B type in Bi-RADS), the
designed curve optimization scheme weakens the display of high grayscale, while emphasizing the texture features
of low grayscale. For the dense mammary gland of gland type (C-D type in Bi-RADS), the curve optimization is
designed to weaken the display of low-grayscale part and more emphasize on the gland organization of high grayscale
parts, in order to help doctors more easy to find the lumps and nodules that may be concealed by dense glandular
tissue.

[0018] Compared with the prior art, the present invention has the following advantages:

1) Compared with the standard DICOM calibration curve, the features of the mammography X-ray image are included
in the scope of the optimization, which can highlight the possible parts of the lesion.
2) The process of curve optimization not only takes into account the statistical characteristics shared by breast
mammography images, but also compensates for the individual differences caused by differences in shooting con-
ditions.
3) Two built-in optimized curves are suitable for A/B type mammary glands (less glands, more fat) and C/D type
mammary glands (large number of glands, dense) specified in Bi-RADS respectively.
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4) it is convenient to switch the normal DICOM curve and the breast optimization curve provided by the method of
the present invention through the button of the display.
5) The display on-board FPGA is used for grayscale mapping operation, which does not occupy the upper computer
resources to ensure smooth operation.

Brief description of the drawings

[0019]

Figure 1 shows a hardware frame diagram of the present invention.
Figure 2 shows a workflow chart of the present invention.
Figure 3 shows an implementation effect diagram of the present invention.

The Mode of Carrying Out the Invention

[0020] As shown in Figure 1-3, the present invention provides an embodiment of a display gray scale curve correction
system for molybdenum target mammography, which comprises: a key module for providing signal input, an ARM module
for receiving triggered instructions from the key module, an upper computer connected with the ARM module in two
directions, an FPGA module connected with the outputs of the ARM module and the upper computer, and a display
panel connected with the output of the FPGA module, wherein the upper computer firstly captures the currently displayed
mammography, then analyzes the image features, calculates the optimized gray scale correction curve, and the ARM
module writes the gray scale correction curve into the FPGA module through a serial communication protocol; the FPGA
module performs grayscale mapping twice for pixel values of the input image, according to the received grayscale
correction curve and the standard DICOM correction, and enhances the display of the mammography image, wherein
the serial communication protocol is preferably SPI or I2C protocol.
[0021] According to the second embodiment, the present invention provides a display gray scale curve correction
method for molybdenum target mammography, comprising:

S1: an ARM module sends a trigger instruction to an upper computer when it detects a triggering instruction from
a key module;
S2: the upper computer captures a currently displayed breast image, analyzes the image features, calculates the
optimized gray-scale correction curve, and transmits the curve to the ARM module, when it receives the trigger
instruction;
S3: the ARM module writes the correction curve into an FPGA module through a relevant protocol;
S4: according to the received optimization curve and a standard DICOM curve, the FPGA module performs two
gray-level mappings on the pixel values of the input image and then outputs the corrected pixel gray-scale values
to a display panel.

[0022] When the ARM module of the display detects the operation of the key module, if the triggering action for curve
correction is detected, the ARM module sends a trigger instruction to the upper computer. The upper computer captures
the current breast mammography X-ray images, and performs feature analysis, primarily based on the target image
grayscale histogram, expressed as: 

b represents the gray-scale bits of the display (display data width), Z represents collection of positive integers. From
this gray-scale histogram, two feature points will be extracted: P0(x0,0) and P1(x1,2b-1), and the two feature points are
primarily used to compensate the image difference resulting from the X-ray shooting parameters.
[0023] x0 is the maximum positive integer satisfying f(x0)<kT1 which represents the boundary point of skin tissue and
breast tissue. T1 is defined to be the smallest minimum value of y, in fact represents the approximate grayscale value
of skin tissue; k is the threshold coefficient that distinguishes the skin tissue from other tissues. According to repeated
tests on a large number of breast pictures, the result shows that the segmentation effect is better when k is 2, which is
the empirical value.

[0024] x1 is the maximum integer satisfying  and represents the boundary point of the max-

imum grayscale pixels in the screen, and T2 is defined as the percentage of the total number of pixels in the screen.
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After repeated tests on a large number of breast images, the optimization results are better when the value of T2 is

0.002% which is the empirical value.
[0025] The upper computer then calculates the coordinates of P2, P3 and P4 based on the coordinates of P0 and P1.
P2, P3 and P4 come from the statistics of the grayscale curves of a large number of breast mammography images, which
contains the common features of breast images.
[0026] The present invention provides two kind of optimization algorithms. The two optimizations share the coordinates
of P0 and P1, but the coordinates of P2, P3 and P4 are different.
[0027] The first optimization (designed for type A/B breast specified in Bi-RADS): 

[0028] The second optimization (designed for type C/D breast specified in Bi-RADS): 

[0029] Besides these 5 featured points, another two featured points with fixed coordinates are added: P5(0,0) and
P6(2b-1,2b-1). So, a total of seven feature points on the curve are obtained. a complete gray-scale correction curve C(x)
may be obtained by the interpolation algorithm, wherein interpolation is carried out only in the definition domain of f(x).
The interpolation algorithm is performed in segments, using linear interpolation between P5 and P0 as well as between
P1 and P6, and the segmented three order Hermite interpolation algorithm between the other feature points.
[0030] The calculated curve C(x) is transmitted to the FPGA module through the ARM module. Two grayscale mapping
operations are performed in the FPGA module through two look-up tables (FUTs), the first grayscale mapping according
to C(x), and the second grayscale mapping according to the GSDF function curve specified in the DICOM standard, the
final value obtained by the mapping is used to drive the LCD panel to complete the image display.
[0031] The method of the present application makes improvements to DICOM curve, by taking into account the char-
acteristics of the breast image itself, the grayscale level of the lesion possibly present in the mammography X-ray image
is highlighted, and potential lesions are easier to be identified. The adjustment of the curve is mainly aimed at two
aspects. One is to compensate for the difference in images caused by different shooting conditions. The other is the
tissue grayscale distribution of the lesion possibly present in the mammography X-ray image, and two kinds of optimization
algorithms is designed for different breast types. The present invention has the following advantages:

1. Compared with the standard DICOM calibration curve, the features of the mammography X-ray image are included
in the scope of the optimization, which can highlight the possible parts of the lesion.
2. The process of curve optimization not only takes into account the statistical characteristics shared by breast
mammography images, but also compensates for the individual differences caused by differences in shooting con-
ditions.
3. Two built-in optimized curves are suitable for A/B type mammary glands (less glands, more fat) and C/D type
mammary glands (large number of glands, dense) specified in Bi-RADS respectively.
4. It is convenient to switch the normal DICOM curve and the breast optimization curve provided by the method of
the present invention through the button of the display.
5. The display on-board FPGA is used for grayscale mapping operation, which does not occupy the upper computer
resources to ensure smooth operation.

[0032] It will be understood by those skilled in the art that, the above embodiments are only for illustrating the technical
idea and features of the present invention, and are intended to enable those skilled in the art to understand and implement
the contents of the present invention, and are not intended to limit the protection scope of the present invention. Any
equivalent modifications made without departing from the spirit of the present invention shall fall within the protection
scope of the present invention.
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Claims

1. A display gray scale curve correction system for molybdenum target mammography, comprising: a key module for
providing signal input, an ARM module for receiving triggered instructions from the key module, an upper computer
connected with the ARM module in two directions, an FPGA module connected with the outputs of the ARM module
and the upper computer, and a display panel connected with the output of the FPGA module,
wherein the upper computer firstly captures the currently displayed mammography, then analyzes the image features,
calculates the optimized gray scale correction curve, and the ARM module writes the gray scale correction curve
into the FPGA module through a serial communication protocol;
the FPGA module performs grayscale mapping twice for pixel values of the input image, according to the received
grayscale correction curve and the standard DICOM correction, and enhances the display of the mammography
image, wherein the serial communication protocol is preferably SPI or I2C protocol.

2. The display gray scale curve correction system as claimed in claim 1, wherein, in the analysis of the image features
by the upper computer, two kinds of inefficient information: "low gray-scale pixels of the transition zone between
the skin and the background of the mammography image" and "a certain percentage of the maximum brightness
pixels" are ignored, and the grayscale stretching operation is performed.

3. The display gray scale curve correction system as claimed in claim 2, wherein, according to different types of
mammary gland, the upper computer designs two optimization schemes respectively, and in the process of the gray
scale transformation correction, enhances the high grayscale gland tissue and low grayscale fibrous trabecular
tissue respectively in the displayed image.

4. The display gray scale curve correction system as claimed in claim 2, wherein the upper computer locates the gray-
scale calibration curve by inserting feature points, and then obtains the entire curve by piecewise interpolation of
feature points,
wherein the piecewise interpolation algorithm executed by the upper computer uses both the linear interpolation
and three order Hermite interpolation algorithm.

5. The display gray scale curve correction system as claimed in claim 4, wherein the FPGA module has more than
two look-up tables, and carries out two grayscale mappings to perform grayscale correction on a target image
grayscale, by using a curve obtained by the upper computer piecewise interpolation algorithm and the DICOM curve
respectively.

6. A display gray scale curve correction method for molybdenum target mammography, comprising:

S1: an ARM module sends a trigger instruction to an upper computer when it detects a triggering instruction
from a key module;
S2: the upper computer captures a currently displayed breast image, analyzes the image features, calculates
the optimized gray-scale correction curve, and transmits the curve to the ARM module, when it receives the
trigger instruction;
S3: the ARM module writes the correction curve into an FPGA module through a relevant protocol;
S4: according to the received optimization curve and a standard DICOM curve, the FPGA module performs two
gray-level mappings on the pixel values of the input image and then outputs the corrected pixel gray-scale
values to a display panel.

7. The display gray scale curve correction method as claimed in claim 6, wherein in Step S2, the grayscale pixel points
that are irrelevant and less relevant to diagnosis in the image in step S2 are ignored.

8. The display gray scale curve correction method as claimed in claim 6, wherein in step S2, according to the charac-
teristics of the breast, different optimization schemes are adopted for the curve: for fat type mammary gland, the
curve is designed to weaken the display effect of the high-grayscale part and enhance the texture features of the
low-grayscale part; for the dense mammary gland of gland type, the curve is designed to weaken the display effect
of the low grayscale part and enhance the gland organization of high grayscale parts.

9. The display gray scale curve correction method as claimed in claim 6, wherein in Step S2, the upper computer
captures the current breast mammography X-ray images, and performs feature analysis based on the target image
grayscale histogram, expressed as: 
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b represents the gray-scale bits of the display (display data width), Z represents collection of positive integers, and
two feature points will be extracted from this gray-scale histogram: P0(x0,0) and P1(x1,2b-1);

x0 is the maximum positive integer satisfying f(x0)<kT1 which represents the boundary point of skin tissue and
breast tissue, wherein T1 is defined to be the minimum value of y;

x1 is the maximum integer satisfying  which represents the boundary point

of the maximum grayscale pixels in the screen, wherein T2 is defined as the percentage of the total number of
pixels in the screen;
the upper computer then calculates the coordinates of P2, P3 and P4 based on the coordinates of P0 and P1,
P2, P3 and P4 come from the statistics of the grayscale curves of a large number of breast mammography
images, which contains the common features of breast images.
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