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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to mammography
apparatuses that obtain X-ray images of mammary spec-
imens using X-ray imaging.

Description of the Related Art

[0002] Mammography apparatuses that obtain X-ray
images of mammary specimens using X-ray imaging in-
clude mammography apparatuses that use semiconduc-
tor two-dimensional image detectors. These are config-
ured mainly with an X-ray source, a pressing panel for
pressing the breast, a two-dimensional X-ray image de-
tector that holds the breast and images an intensity dis-
tribution of transmitted X-rays. Two-dimensional image
detectors are produced by combining phosphor, which
converts the X-rays to visible fluorescence, and a semi-
conductor two-dimensional image detector (see Japa-
nese Patent Laid-Open No. 08-238233 for example).
[0003] Some mammography apparatuses use a grid
to suppress scattered X-rays (see Japanese Patent Laid-
Open No. 2005-013344 for example).
[0004] Furthermore, some apparatuses perform imag-
ing with the X-ray image and an ultrasonic image of the
breast under a same pressing condition. For example,
infrared rays are used in a sensor that detects a position
of an ultrasonic probe in regard to these apparatuses.
The breast is pressed in a same manner for obtaining
the X-ray image and for obtaining the ultrasonic image,
and therefore as a result it is possible to combine the
ultrasonic image and the X-ray image (see Japanese Pat-
ent Laid-Open No. 2003-260046 for example).
[0005] Furthermore, techniques have been proposed
(see Japanese Patent Laid-Open No. 09-505407 for ex-
ample) in which a breast image is captured by irradiating
near infrared rays onto a breast through a breast com-
pressing panel and collecting transmitted light using optic
fibers.
[0006] Further still, techniques have been proposed
(for example, see Sergio Fantini et al, "Using Near-Infra-
red Light To Detect Breast Cancer," Optics & Photonics
News, November, 2003) in which a near infrared image
of a breast is obtained by causing a plurality of amplitude-
modulated near infrared rays to be incident on a single
optic fiber then transmitting this onto the breast and per-
forming homodyne detection on the transmitted near in-
frared rays.
[0007] In breast cancer diagnosis using mammogra-
phy apparatuses, reproducibility of positioning between
the imaging apparatus and the breast is sometimes re-
quired for cytology and histology in a case where a pos-
itive result is doubted or during postoperative observa-
tions over time.

[0008] However, conventional mammography appara-
tuses do not have a positioning function.
[0009] On the other hand, although there are cases
where near infrared images are effective in discovering
tumorous cancer, which is a weak point for X-ray images,
there is a problem in that it has not been possible to
achieve a correspondence between the positions of the
morbid portion discovered in the near infrared image and
the X-ray image.
DE 103 32 301 A1 discloses an X ray medical diagnosis
unit having an X ray detector, a source with provision for
an extended optical source and a detector mounted in
an X ray transparent positioner to undertake additional
fluorescence measurements for lesion location by image
fusion in a processor without changing the tissue posi-
tion.
"Coregistered tomographic x-ray and optical breast im-
aging: initial results" by Zhang Quan et al discloses a
quick-release optical probe that enables X-ray images to
be acquired immediately after optical images. A lower
optical probe assembly, which sits on top of an x-ray dig-
ital detector housing, is comprised of a removable source
fiber array and an inverted polycarbonate compression
plate. The upper assembly consists of a standard com-
pression plate modified to house a removable array of
detection fibers. The compression plates remain station-
ary during both DOT and x-ray image acquisition. The
optical fiber arrays are quickly removed between the op-
tical image and the x-ray image to reduce fiber induced
artifact in the x-ray images.

SUMMARY OF THE INVENTION

[0010] In light of the foregoing problems, the present
invention provides a mammography apparatus capable
of reproducing breast positioning during breast X-ray im-
aging for example.
[0011] The present invention in its first aspect provides
a mammography apparatus as specified in claims 1 to
10. The present invention in its second aspect provides
a method as specified in claim 11. The present invention
in its third aspect provides a program as specified in claim
12. Such a program can be provided by itself or carried
by a carrier medium. The carrier medium may be a re-
cording or other storage medium as specified in claim
13. The carrier medium may also be a transmission me-
dium. The transmission medium may be a signal.
[0012] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A to 1D are outlines of a mammography
apparatus according to the present embodiment.
[0014] FIG. 2 is a diagram showing operation of a
pressing panel when capturing an image for breast po-
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sitioning.
[0015] FIGS. 3A and 3B are diagrams showing a struc-
ture of a two-dimensional detector.
[0016] FIGS. 4A and 4B are diagrams showing ad-
vancement and retraction of a laser diode matrix.
[0017] FIGS. 5A and 5B are diagrams showing a struc-
ture of a laser diode matrix.
[0018] FIG. 6 is a diagram showing one pixel of a sem-
iconductor sensor.
[0019] FIG. 7 is a diagram in which pixels of the sem-
iconductor sensor are arranged two-dimensionally.
[0020] FIG. 8 is a flowchart of a control process relating
to X-ray breast imaging according to the present embod-
iment.

DESCRIPTION OF THE EMBODIMENTS

[0021] Various exemplary embodiments, features, and
aspects of the present invention will be described in detail
below with reference to the drawings.
[0022] FIGS. 1A to 1D show outlines of a mammogra-
phy apparatus according to the present embodiment.
[0023] FIG. 1B is a front view showing a state of the
apparatus when capturing a CC (cranio-caudad) image
of a breast 6, and is a diagram in which the mammogra-
phy apparatus is viewed from an examinee (patient). Ar-
ranged in order from above are an X-ray source 1, a laser
diode matrix 2, a pressing panel 3, an X-ray grid 4, and
a two-dimensional detector 5. FIG. 1A is a front view
showing a state of the apparatus when capturing an MLO
(medio-lateral oblique) image of the breast 6. A difference
from the front view (when CC) of FIG. 1B is that a capture
section is tilted.
[0024] Here, the two-dimensional detector 5 is a de-
tector having a placement surface on which the breast 6
is placed on a side opposing the X-ray source 1.
[0025] Description is given of a state of the apparatus
at a time of obtaining an infrared image and a time of
breast positioning shown in FIG. 1C. In this state, no X-
rays are exposed from the X-ray source 1. The breast 6
of an examinee placed on the placement surface of the
two-dimensional detector 5 is pressed by the pressing
panel 3 against the placement surface. The laser diode
matrix 2, which is a two-dimensional near infrared ray
source arranged in a two-dimensional shape in alignment
with the pressing panel 3, is provided above the pressing
panel 3. The laser diode matrix 2 is configured to be mov-
able between a first position in close contact with the
pressing panel 3 and a second position outside an X-ray
image capture region. A plurality of near infrared laser
diodes are arranged in a matrix shape in the laser diode
matrix 2. The pressing panel 3 is an optically transparent
or semitransparent material through which near infrared
rays are transmitted, and is a material through which X-
rays are readily transmitted, for example an acrylic or the
like is appropriate.
[0026] The near infrared rays emitted from the near
infrared laser diodes are transmitted through the pressing

panel 3 and proceed while undergoing attenuation and
diffusion through the breast 6 to reach the two-dimen-
sional detector 5. The X-ray grid 4 that does not transmit
near infrared rays is retracted. The two-dimensional de-
tector 5 includes a two-dimensional semiconductor de-
tector having sensitivity to visible light and near infrared
ray. That is, the two-dimensional detector is capable of
detecting visible light and near infrared rays as well as
being capable of detecting X-rays. A near infrared image
of the breast 6 is calculated based on an intensity distri-
bution of light incident on the two-dimensional detector
5. Here, the time of breast positioning is used because
by displaying a near infrared image of the breast 6 in real
time, an imaging technician becomes capable of repro-
ducing a positioning state of the breast 6 based on vas-
cular arrangement in the breast 6.
[0027] Description is given regarding differences be-
tween imaging for breast positioning and imaging of near
infrared images. All of these images are formed using
near infrared rays. However, at a time of imaging for
breast positioning, increased speeds in image forming
times are required for the imaging technician to respond
to changes in the breast settings. In this regard, time is
required in imaging a breast spectroscopic image using
near infrared laser diodes of multiple wavelengths in the
laser diode matrix 2.
[0028] Shortening the imaging times becomes possi-
ble by decimating rather than lighting all the laser diodes
incorporated in the laser diode matrix 2, thereby sacrific-
ing image resolution to give priority to real time capabil-
ities.
[0029] Compared to imaging for breast positioning, im-
aging of near infrared images is high resolution, and al-
though it is spectroscopic, the imaging times become
longer.
[0030] Next, description is given of a state of the ap-
paratus shown in FIG. 1D when capturing an X-ray im-
age.
[0031] The X-ray image is captured after breast posi-
tioning is completed. When imaging for breast positioning
and imaging of the near infrared image are completed,
the laser diode matrix 2 retracts from the X-ray image
capture region.
[0032] On the other hand, the retracted X-ray grid 4,
which is retracted at a time of imaging for breast posi-
tioning, is inserted above the two-dimensional detector
5. When the retraction of the laser diode matrix 2 and the
insertion of the X-ray grid 4 are confirmed, X-rays are
exposed.
[0033] In this regard, there is a correlation between a
transmission amount of near infrared rays when imaging
a near infrared image and a transmission amount of X-
rays. A positive correlation is known between breast
thickness and mammary gland density and the amount
of light that reaches the two-dimensional detector 5. Us-
ing this relationship, it is possible to determine an X-ray
target, an X-ray filter, an X-ray tube current, and an im-
aging time when imaging an X-ray image. For example,
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in a case where the amount of light that reaches the de-
tector is a specific value or less, it is conceivable to use
rhodium as the X-ray target rather than molybdenum.
Furthermore, it is possible to increase the X-ray tube cur-
rent inversely proportional to the amount of light that
reaches the detector. In a case where the X-ray tube
current cannot be increased due to a limitation of the X-
ray source, the imaging time is increased.
[0034] FIG. 2 indicates an operation of the pressing
panel 3 when capturing an image for breast positioning
and a timing of lighting the near infrared laser diodes.
Although the position setting of the breast and the com-
mencement of breast pressing are determined by the im-
aging technician while confirming the safety of the pa-
tient, the lighting of the laser diodes commences auto-
matically when a predetermined pressing force or greater
is applied to the pressing panel 3. When capture of the
positioning image is completed, the lighting of the laser
diodes stops.
[0035] Positioning images are displayed on a display
device not shown in the diagrams. When the imaging
technician judges that the positioning is appropriate, a
transition is made to capturing a high resolution near in-
frared image. Images for judging the suitability of posi-
tioning can include displaying a difference image be-
tween a past image and a current image as well as being
displayed in parallel to a previously captured image. A
relative relationship between the images is important in
forming a difference image. A correlation coefficient of
the two images can be calculated as an indicator of the
relative relationship. By performing image shifting based
on the correlation coefficient in a direction in which the
correlation coefficient becomes larger, better positioning
can be achieved.
[0036] FIGS. 3A and 3B are diagrams showing a struc-
ture of the two-dimensional detector 5.
[0037] When capturing an image for positioning and a
near infrared image shown in FIG. 3A, the laser diode
matrix 2 is arranged in close contact to an upper surface
of the pressing panel 3. Hereinafter, an image for posi-
tioning and a near infrared image are both indicated when
referring to a near infrared image.
[0038] Near infrared rays that have been transmitted
through the pressing panel 3 and the breast 6 are incident
on the two-dimensional detector 5. The two-dimensional
detector 5 has a protective panel 8, a wavelength filter
9, an X-ray phosphor 10, a semiconductor sensor 11,
and a sensor elevation mechanism 12.
[0039] The protective panel 8 protects the semicon-
ductor sensor 11 during breast pressing. The protective
panel 8 is a material having little X-ray attenuation and
through which near infrared rays are transmitted. For ex-
ample, acrylic or reinforced glass can be used.
[0040] The wavelength filter 9 is a filter that transmits
near infrared rays or rays of longer wavelengths than
near infrared rays, and is a film through which visible light
and far infrared rays are not transmitted.
[0041] The X-ray phosphor 10 transmits near infrared

rays, and generates fluorescence with respect to incident
X-rays. A CsI columnar crystal is appropriate as an ex-
ample of the X-ray phosphor 10. Because it is columnar,
diffusion of X-ray fluorescence and near infrared rays
can be reduced.
[0042] A CMOS sensor for example can be used as
the semiconductor sensor 11. Amorphous silicon sen-
sors widely used in X-ray images cannot be used since
they have no sensitivity to near infrared.
[0043] The sensor elevation mechanism 12 is a mech-
anism for adjusting the distance between the lower sur-
face of the protective panel 8 and the upper surface of
the wavelength filter 9. By bringing the lower surface of
the protective panel 8 and the upper surface of the wave-
length filter 9 close together, it is possible to reduce res-
olution deterioration in near infrared images.
[0044] When performing breast imaging, high resolu-
tion is demanded for the X-ray image, and for example
a pixel pitch of 100 mm is necessary.
[0045] However, since X-ray images are still images,
high speed image readout is not required. On the other
hand, a required resolution of near infrared images is
approximately 1 to 3 mm. High speed image readout is
necessary for near infrared images.
[0046] Accordingly, with a pixel size of 100 mm, the
structure of the semiconductor sensor 11 is a structure
capable of reading clusters of 8 3 8 images, 16 3 16
images, or 32 3 32 pixels.
[0047] Furthermore, although X-ray images are
formed at one time over the entire surface of the semi-
conductor sensor 11, near infrared images are limited to
a region of approximately 10 mm 3 10 mm with respect
to a single laser diode. Thus, when capturing a near in-
frared image, it is necessary to perform partial (local) high
speed reading at the same time as cluster reading.
[0048] Furthermore, the semiconductor sensor 11
changes the image pickup region in response to the res-
olution that is set when capturing a near infrared image.
A relative positional relationship between the laser diode
matrix 2 and the two-dimensional detector 5 can be
known in advance by calibration.
[0049] Next, description is given of a structure of FIG.
3B when capturing an X-ray image.
[0050] When capturing an X-ray image, the laser diode
matrix 2 retracts and the X-ray grid 4 is inserted between
the protective panel 8 and the wavelength filter 9. The X-
ray grid 4 has an effect of reducing X-ray scattering. A
gap between the protective panel 8 and the wavelength
filter 9 is formed by downwardly shifting as a group the
wavelength filter 9, the X-ray phosphor 10, and the sem-
iconductor sensor 11 using the sensor elevation mech-
anism 12.
[0051] On the other hand, it is also possible to bring
the wavelength filter 9 in close contact with the lower
surface of the protective panel 8 and insert the X-ray grid
4 in a gap between the wavelength filter 9 and the X-ray
phosphor 10. However, from a perspective of shielding
the semiconductor sensor 11, the foregoing method of
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inserting the X-ray grid 4 between the protective panel 8
and the wavelength filter 9 is beneficial.
[0052] In this regard, a commonly known X-ray grid 4
is not a structure that transmits near infrared rays. The
X-ray grid 4 is a structure in which wood or fiber or the
like is sandwiched between lead foil.
[0053] However, it is possible to sandwich between the
lead foil a fiber that transmits near infrared rays.
[0054] When an X-ray grid 4 such as this capable of
transmitting near infrared rays is used, the operations of
inserting and retracting the grid become unnecessary,
and optical shielding of the two-dimensional detector 5
is easy.
[0055] FIGS. 4A and 4B show advancement and re-
traction of the laser diode matrix 2.
[0056] The pressing panel 3 is secured on a pressing
panel support frame 13. The pressing panel support
frame 13 is installed so as to be capable of vertical move-
ment on a support upper frame 7 of the imaging appara-
tus.
[0057] As shown in FIG. 4A, when capturing a near
infrared image, the laser diode matrix 2 slides on the
pressing panel support frame 13 and advances over the
pressing panel 3. After advancement, the laser diode ma-
trix 2 is brought in close contact with the pressing panel
3 using a suction or a pressure clamping mechanism (not
shown in diagrams).
[0058] As shown in FIG. 4B, when capturing an X-ray
image, the laser diode matrix 2 slides on the pressing
panel support frame 13 to retract after the close contact
is released.
[0059] FIGS. 5A and 5B show a structure of the laser
diode matrix 2. The laser diode matrix 2 is a two-layer
structure.
[0060] First, description is given of an example in FIG.
5A.
[0061] In an upper portion, laser diodes 14 are ar-
ranged two-dimensionally, and in a lower portion, fibers
are arranged two-dimensionally. The laser diodes 14 and
the fibers are made to correspond one to one, and ad-
hered, pressed, or bound together.
[0062] In the example of FIG. 5B, four near infrared
laser diodes 16 of different frequencies correspond to a
single fiber as a group. By using near infrared rays of
multiple frequencies, spectroscopy of the breast 6 can
be achieved.
[0063] In a case of achieving spectroscopy, four near
infrared laser diodes 16 having different frequencies are
made to correspond to a single fiber in the working ex-
ample shown in FIG. 5B, but it is also possible to make
a laser diode of each frequency corresponds to a single
fiber.
[0064] FIG. 6 shows one pixel of the semiconductor
sensor 11. Light incident on a photo diode 17 is converted
to an electrical signal, a transfer switch signal 18 be-
comes ON, and then the signal is output via a preamplifier
by undergoing line selection.
[0065] FIG. 7 is a diagram in which pixels of FIG. 6 are

arranged two-dimensionally. Output of each pixel in an
8 3 8 array is selected by a vertical shift register 24 and
a horizontal shift register 25. Output of a selected pixel
is outputted via an amplifier 26. To capture an entire
breast image, a two-dimensional detector 5 is necessary
having an effective area of at least 20 cm 3 24 cm. This
size can be achieved with a single semiconductor sensor
11 using amorphous silicon, but for a crystal semicon-
ductor such as CMOS, this size is currently impossible.
On the other hand, when capturing a near infrared image,
high speed local readouts are necessary. Accordingly,
in the present embodiment, sensors of approximately
256 3 256 pixels are arranged in a tile shape to achieve
an overall size of approximately 20 cm 3 24 cm.
[0066] Description is given regarding a function of the
amplifier 26 of FIG. 7.
[0067] When reading out an X-ray image, pixels are
selected one by one by the vertical shift register 24 and
the horizontal shift register 25. A constant multiple setting
is performed for a gain change signal 27, and therefore
a signal of the selected signal is amplified by the constant
multiple and output. When reading out the near infrared
image, pixels of a range surrounded by the dashed line
are selected and output at the same time. In the case of
FIG. 7, 4 3 4 pixels are selected at the same time. An
added signal of selected pixel signals is amplified by the
amplifier 26. Gain change is performed using the gain
change signal 27 during amplification. A signal of a fre-
quency approximating a frequency of an intensity mod-
ulated signal of the laser diodes is used as the gain
change signal 27.
[0068] Spectroscopic imaging methods using near in-
frared rays are described in detail in the above-men-
tioned Sergio Fantini et al, "Using Near-Infrared Light To
Detect Breast Cancer," Optics & Photonics News, No-
vember, 2003. Here, simple description is given of a
method in which near infrared rays of four wavelengths
are used.
[0069] Laser diode lights of 690 nm, 750 nm, 788nm,
and 856 nm are used for the four wavelengths. The light
of the four wavelengths undergoes amplitude modulation
at 70.45 MHz, 70.20 MHz, 69.80 MHz, and 69.5 MHz
respectively.
[0070] Amplitude modulated light is made incident on
the breast 6 clustered into a single fiber as shown in the
structure shown in FIG. 5B. Light that is transmitted
through the breast 6 is incident on a single region of clus-
ter reading pixels 23 shown in FIG. 7. Incident signals
are amplified by the amplifier 26, and a 70 MHz signal is
used in the gain change signal 27 when amplifying.
[0071] Signals of four wavelengths are separated from
a gain change output signal 28 such that four near infra-
red images can be formed.
[0072] Spectroscopy is created by combining the four
images using image processing. This system is referred
to as frequency domain optical mammography, but the
near infrared images used in the present invention are
not limited to this system, and configurations according
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to the present invention can be used in other systems
also.
[0073] Description is given regarding a case where dif-
ferences occur from the frequency domain system dis-
closed in Sergio Fantini et al, "Using Near-Infrared Light
To Detect Breast Cancer," Optics & Photonics News, No-
vember, 2003. When collecting near infrared rays, in the
foregoing description, only a single location of cluster
reading pixels 23 are read out with respect to emitted
rays of the single laser diode (in the case of FIG. 5B, four
laser diodes forming a single group).
[0074] However, when consideration is given to a case
where diffusion information of the near infrared rays also
includes information, it is conceivable to read out multiple
cluster reading pixels 23.
[0075] For example, when reading out four cluster
reading pixels 23, reading is performed serially (succes-
sively), and therefore phase differences occur in the gain
change.
[0076] Accordingly, it is necessary to give considera-
tion that there are phase differences between the four
pixels when extracting beats using homodyne detection.
Note however that the phase differences of the four clus-
ter reading images are already known since these cor-
respond to a read-in frequency of the semiconductor sen-
sor.
[0077] Description is given regarding an image correc-
tion method. In conventional two-dimensional detectors
5 specialized for X-ray images, a thin aluminum sheet is
used instead of the wavelength filter 9. In this case, there
is no risk that visible light, near infrared rays, or infrared
rays will be incident. However, depending on character-
istics of the wavelength filter 9, there is a risk that small
amounts of visible light, near infrared rays, or infrared
rays will be incident on the semiconductor sensor 11
when near infrared rays are not being emitted from the
laser diodes.
[0078] Furthermore, the structure is complicated com-
pared to the conventional two-dimensional detector 5
specialized for X-ray images, and therefore there is also
a risk that the above-mentioned light will be incident in
minute amounts. These lights become offsets and reduce
the contrast in images.
[0079] Consequently, before capturing the near infra-
red image of FIG. 3A and capturing the X-ray image,
black images (dark images) are captured respectively
and subtracted from the acquired images respectively.
Furthermore, shading correction is possible by capturing
a white image when capturing the near infrared image
and when capturing the X-ray image respectively and
dividing these by the acquired images. The white image
is an image in a case where the laser diodes or X-rays
are emitted while there is no subject.
[0080] Finally, description is given using a flowchart of
FIG. 8 of a control process relating to X-ray breast imag-
ing according to the present embodiment.
[0081] Acquisition of a correction image is carried out
at S0 before imaging of a patient. Correction images are

acquired immediately prior to patient imaging giving con-
sideration to temperature drift of the two-dimensional de-
tector 5.
[0082] Imaging of the patient commences at S1. At S2,
the technician performs initial setting of the breast 6 of
the patient on an imaging platform. At S3, the laser diode
matrix 2 advances to a first position in close contact with
the pressing panel 3, and the X-ray grid 4 retracts. At S4,
the pressing panel 3 is lowered by operation of the tech-
nician, and when pressure is detected at S5, light is emit-
ted from the laser diodes at S6 and imaging commences.
[0083] When exposure from each laser diode and
transmitted light detection is completed at S7, a compar-
ison is carried out with a past near infrared image at S8.
The comparison may also involve displaying a difference
image.
[0084] At S9, a confirmation of position reproducibility
is carried out. If reproducibility is confirmed, a high pre-
cision near infrared image is captured at S10.
[0085] At S11, the laser diode matrix 2 retracts to a
second position outside an X-ray image capture region,
and the X-ray grid 4 is inserted. At S12, X-ray exposure
is carried out and at S13, X-ray image acquisition is car-
ried out. The near infrared image and the X-ray image
are captured under identical conditions, and therefore at
S14 it is possible to carry out image processing overlay-
ing the images without needing to perform geometrical
conversions. The X-ray image displayed in black and
white and the near infrared image displayed in color can
be overlaid. At S15, imaging is completed.
[0086] With the present invention, reproduction of
breast settings (capture method) is possible in X-ray
breast imaging.
[0087] This enables near infrared images and X-ray
images to be captured under identical conditions.
[0088] Furthermore, by displaying an overlay of the
near infrared image and the X-ray image, an overlay of
calcified cancer and tumorous cancer can be carried out
with excellent accuracy.
[0089] Furthermore, it becomes possible to estimate
an appropriate imaging dose when transitioning from a
near infrared image to X-ray imaging.
[0090] Further still, images having excellent contrast
can be achieved by capturing in advance images for cor-
rection of the near infrared image and the X-ray image
respectively from the same sensor. Other Embodiments
[0091] Aspects of the present invention can also be
realized by a computer of a system or apparatus (or de-
vices such as a CPU or MPU) that reads out and executes
a program recorded on a memory device to perform the
functions of the above-described embodiment(s), and by
a method, the steps of which are performed by a com-
puter of a system or apparatus by, for example, reading
out and executing a program recorded on a memory de-
vice to perform the functions of the above-described em-
bodiment(s). For this purpose, the program is provided
to the computer for example via a network or from a re-
cording medium of various types serving as the memory

9 10 



EP 2 184 007 B1

7

5

10

15

20

25

30

35

40

45

50

55

device (e.g., computer-readable medium) .
[0092] An embodiment of the present invention can
provide a mammography apparatus for capturing an X-
ray image of a breast, comprising: an X-ray source; a
detector having a placement surface on which a breast
is placed on a side opposing the X-ray source and that
detects X-rays transmitted through the breast, wherein
the detector is capable of detecting near infrared rays as
well as being capable of detecting X-rays; an optically
transparent or semitransparent pressing panel for press-
ing the breast that is placed on the placement surface
against the placement surface; a two-dimensional near
infrared ray source that is provided between the X-ray
source and the pressing panel and arranged in a two-
dimensional shape in alignment with the pressing panel,
and that is movable between a first position in close con-
tact with the pressing panel and a second position outside
an X-ray image capture region, and a controller that car-
ries out near infrared image capture using the two-dimen-
sional near infrared ray source by causing the two-di-
mensional near infrared ray source to be in the first po-
sition, and causes the two-dimensional near infrared ray
source to retract to the second position when carrying
out X-ray image capture using the X-ray source.
[0093] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.

Claims

1. A mammography apparatus for capturing an image
of a breast (6), comprising:

an X-ray source (1);
a detector (5) having a placement surface on
which a breast (6) is placed, wherein the place-
ment surface opposes the X-ray source (1), and
wherein the detector is configured to detect X-
rays and near infrared rays transmitted through
the breast (6);
an optically transparent or semitransparent
pressing panel (3) for pressing the breast (6)
that is placed on the placement surface against
the placement surface and through which X-rays
and near infrared rays are transmitted;
a two-dimensional near infrared ray source (2),
for providing near infrared rays, arranged be-
tween the X-ray source (1) and the pressing pan-
el (3), wherein the two-dimensional near infrared
ray source is arranged in a two-dimensional
shape in alignment with the pressing panel and
is movable between a first position in which the
two-dimensional near infrared ray source is in

contact with the pressing panel (3) and a second
position outside an X-ray image capture region;
and
a controller configured to carry out near infrared
image capture (S7) using the two-dimensional
near infrared ray source (2) by moving the two-
dimensional near infrared ray source to the first
position (S3), and configured to carry out X-ray
image capture (S13) using the X-ray source (1)
by moving the two-dimensional near infrared ray
source (2) to the second position (S11);
wherein the detector (5) comprises:

a wavelength filter (9) configured to transmit
near infrared rays or rays of longer wave-
lengths than near infrared rays,
a phosphor (10) configured to transmit near
infrared rays, and to generate fluorescence
with respect to incident X-rays, and
a semiconductor sensor (11) configured to
sense near infrared rays.

2. The mammography apparatus according to claim 1,
wherein the two-dimensional near infrared ray
source (2) is configured to be brought into contact
with the pressing panel (3) by using a suction or a
pressure clamping mechanism.

3. The mammography apparatus according to claim 1
or 2, further comprising:

an image processor for overlaying (S14) a cap-
tured near infrared image and an X-ray image.

4. The mammography apparatus according to any one
of claims 1 to 3, wherein the controller is further con-
figured to carry out decimated lighting of the two-
dimensional near infrared ray source (2) when car-
rying out capture of the near infrared image for breast
positioning.

5. The mammography apparatus according to any of
claims 1 to 4, further comprising a corrector config-
ured to carry out shading correction of a captured
near infrared image and an X-ray image by capturing
black images and subtracting the captured black im-
ages from the near infrared image and the X-ray im-
age respectively, and by capturing a white image
and dividing the captured white image by the near
infrared image and the X-ray image respectively.

6. The mammography apparatus according to any one
of claims 1 to 5, wherein the semiconductor sensor
(11) is a CMOS sensor.

7. The mammography apparatus according to any one
of claims 1 to 6, wherein the detector further com-
prises a protective panel (8) and a sensor elevation
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mechanism (12), wherein the sensor elevation
mechanism (12) is a mechanism for adjusting the
distance between the protective panel (8) and the
wavelength filter (9).

8. The mammography apparatus according to claim 7,
wherein the controller is configured to retract the two-
dimensional near infrared ray source (2) and to insert
an X-ray grid 4 between the protective panel (8) and
the wavelength filter (9), when capturing an X-ray
image.

9. The mammography apparatus according to any one
of claims 1 to 7 further comprising an X-ray grid con-
figured to transmit near infrared rays.

10. The mammography apparatus according to any pre-
ceding claim, wherein the two-dimensional near in-
frared ray source (2) is a laser matrix and comprises
a first portion of laser diodes arranged two-dimen-
sionally and a second portion of fibers arranged two-
dimensionally, wherein the diodes and the fibers cor-
respond on a one to one basis or one fiber corre-
sponds to a group of diodes of different frequencies.

11. A method for capturing an image of a breast using
the apparatus of any one of claims 1 to 10, the meth-
od comprising:

detecting X-rays and near infrared rays trans-
mitted through the breast which has been placed
on the placement surface of the detector (5);
pressing, with the optically transparent or the
semitransparent pressing panel (3), said breast
against the placement surface;
moving the two-dimensional near infrared ray
source (2) between a first position in which the
two-dimensional near infrared ray source (2) is
in contact with the pressing panel (3) and a sec-
ond position outside an X-ray image capture re-
gion, and
carrying out near infrared image capture by mov-
ing the two-dimensional near infrared ray source
(2) to the first position (S3), and carrying out X-
ray image capture (S13) by moving the two-di-
mensional near infrared ray source (2) to the
second position (S11).

12. A program which, when executed by a computer,
causes the mammography apparatus according to
any one of claims 1 to 10 to carry out the method of
claim 11.

13. A storage medium storing the computer program ac-
cording to claim 12.

Patentansprüche

1. Mammografievorrichtung zur Aufnahme eines Bil-
des einer Brust (6), umfassend:

eine Röntgenquelle (1);
einen Detektor (5) mit einer Platzierungsfläche,
auf welcher eine Brust (6) platziert wird, wobei
die Platzierungsfläche der Röntgenquelle (1)
gegenüberliegt und wobei der Detektor konfigu-
riert ist, um durch die Brust (6) hindurch gestrahl-
te Röntgenstrahlen und Nahinfrarotstrahlen zu
detektieren;
eine optisch transparente oder halbtransparen-
te Drückeplatte (3) zum Drücken der auf der
Platzierungsfläche platzierten Brust (6) gegen
die Platzierungsfläche und durch welche Rönt-
gen- und Nahinfrarotstrahlen durchgelassen
werden;
eine zweidimensionale Nahinfrarotstrahlen-
quelle (2) zum Liefern von Nahinfrarotstrahlen,
welche zwischen der Röntgenquelle (1) und der
Drückeplatte (3) angeordnet ist, wobei die zwei-
dimensionale Nahinfrarotstrahlenquelle in Aus-
richtung zur Drückeplatte in einer zweidimensio-
nalen Form ausgebildet ist und zwischen einer
ersten Position, in welcher sich die zweidimen-
sionale Nahinfrarotstrahlenquelle in Kontakt mit
der Drükkeplatte (3) befindet, und einer außer-
halb eines Röntgenbildaufnahmebereichs be-
findlichen zweiten Position bewegt werden
kann; und
eine Steuerung, konfiguriert zum Durchführen
einer Nahinfrarotbildaufnahme (S7) unter Ver-
wendung der zweidimensionalen Nahinfrarot-
strahlenquelle (2) durch Bewegen der zweidi-
mensionalen Nahinfrarotstrahlenquelle an die
erste Position (S3) und konfiguriert zum Durch-
führen einer Röntgenbildaufnahme (S13) unter
Verwendung der Röntgenquelle (1) durch Be-
wegen der zweidimensionalen Nahinfrarot-
strahlenquelle (2) an die zweite Position (S11);
wobei der Detektor (5) umfasst:

ein Wellenlängenfilter (9), konfiguriert zum
Durchlassen von Nahinfrarotstrahlen oder
Strahlen längerer Wellenlänge als Nahin-
frarotstrahlen,
ein Phosphor (10), konfiguriert zum Durch-
lassen von Nahinfrarotstrahlen und zum Er-
zeugen von Fluoreszenz in Bezug auf ein-
fallende Röntgenstrahlen, und
einen Halbleitersensor (11), konfiguriert
zum Erfassen von Nahinfrarotstrahlen.

2. Mammografievorrichtung nach Anspruch 1, wobei
die zweidimensionale Nahinfrarotstrahlenquelle (2)
konfiguriert ist, um unter Verwendung eines Ansaug-
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oder eines Einklemmmechanismus mit der Drücke-
platte (3) in Kontakt gebracht zu werden.

3. Mammografievorrichtung nach Anspruch 1 oder 2,
weiterhin umfassend:

einen Bildprozessor zum Überlagern (S14) ei-
nes aufgenommenen Nahinfrarotbildes und ei-
nes Röntgenbildes.

4. Mammografievorrichtung nach einem der Ansprü-
che 1 bis 3, wobei die Steuerung weiterhin konfigu-
riert ist, um dezimierte Beleuchtung mit der zweidi-
mensionalen Nahinfrarotstrahlenquelle (2) durchzu-
führen, wenn die Aufnahme des Nahinfrarotbildes
zwecks Brustpositionierung durchgeführt wird.

5. Die Mammografievorrichtung nach einem der An-
sprüche 1 bis 4, weiterhin umfassend eine Korrek-
tureinrichtung, konfiguriert zum Durchführen einer
Schattierungskorrektur an einem aufgenommenen
Nahinfrarotbild und einem Röntgenbild durch Auf-
nehmen von Schwarzbildern und jeweiliges Subtra-
hieren der aufgenommenen Schwarzbilder vom Na-
hinfrarotbild und dem Röntgenbild, und durch Auf-
nehmen eines Weißbildes und jeweiliges Dividieren
des aufgenommenen Weißbildes durch das Nahin-
frarotbild und das Röntgenbild.

6. Mammografievorrichtung nach einem der Ansprü-
che 1 bis 5, wobei der Halbleitersensor (11) ein
CMOS-Sensor ist.

7. Mammografievorrichtung nach einem der Ansprü-
che 1 bis 6, wobei der Detektor weiterhin eine
Schutzplatte (8) und einen Sensorerhöhungsme-
chanismus (12) umfasst, wobei der Sensorerhö-
hungsmechanismus (12) ein Mechanismus zum Ein-
stellen des Abstands zwischen der Schutzplatte (8)
und dem Wellenlängenfilter (9) ist.

8. Mammografievorrichtung nach Anspruch 7, wobei
die Steuerung konfiguriert ist, um die zweidimensio-
nale Nahinfrarotstrahlenquelle (2) zurückzuziehen
und ein Röntgenraster (4) zwischen der Schutzplatte
(8) und dem Wellenlängenfilter (9) einzufügen, wenn
ein Röntgenbild aufgenommen wird.

9. Mammografievorrichtung nach einem der Ansprü-
che 1 bis 7, weiterhin umfassend ein Röntgenraster,
konfiguriert zum Durchlassen von Nahinfrarotstrah-
len.

10. Mammografievorrichtung nach einem vorhergehen-
den Anspruch, wobei die zweidimensionale Nahin-
frarotstrahlenquelle (2) eine Lasermatrix ist und ei-
nen ersten Abschnitt mit zweidimensional angeord-
neten Laserdioden sowie einen zweiten Abschnitt

mit zweidimensional angeordneten Fasern umfasst,
wobei die Dioden und die Fasern einander auf einer
Eins-zu-Eins-Basis entsprechen oder eine Faser ei-
ner Gruppe von Dioden mit verschiedenen Frequen-
zen entspricht.

11. Verfahren zur Aufnahme eines Bildes einer Brust un-
ter Verwendung der Vorrichtung nach einem der An-
sprüche 1 bis 10, wobei das Verfahren umfasst:

Detektieren von Röntgenstrahlen und Nahinfra-
rotstrahlen, welche durch die auf der Platzie-
rungsfläche des Detektors (5) platzierte Brust
hindurch gestrahlt wurden;
Drücken der Brust gegen die Platzierungsfläche
mit Hilfe der optisch transparenten oder halb-
transparenten Drückeplatte (3);
Bewegen der zweidimensionalen Nahinfrarot-
strahlenquelle (2) zwischen einer ersten Positi-
on, in welcher sich die zweidimensionale Nahin-
frarotstrahlenquelle (2) in Kontakt mit der Drük-
keplatte (3) befindet, und einer außerhalb eines
Röntgenbildaufnahmebereichs befindlichen
zweiten Position; und
Durchführen einer Nahinfrarotbildaufnahme
durch Bewegen der zweidimensionalen Nahin-
frarotstrahlenquelle (2) an die erste Position
(S3) und Durchführen einer Röntgenbildaufnah-
me (S13) durch Bewegen der zweidimensiona-
len Nahinfrarotstrahlenquelle (2) an die zweite
Position (S11).

12. Programm, welches bei Ausführung durch einen
Computer die Mammografievorrichtung nach einem
der Ansprüche 1 bis 10 veranlasst, das Verfahren
nach Anspruch 11 durchzuführen.

13. Speichermedium, welches das Computerprogramm
nach Anspruch 12 speichert.

Revendications

1. Appareil de mammographie destiné à acquérir une
image d’un sein (6), comprenant :

une source de rayons X (1) ;
un détecteur (5) ayant une surface de position-
nement sur laquelle est positionné un sein (6),
la surface de positionnement étant située en fa-
ce de la source de rayons X (1) et le détecteur
étant configuré pour détecter des rayons X et
des rayons infrarouges proches transmis à tra-
vers le sein (6) ;
un panneau de compression optiquement trans-
parent ou semi-transparent (3) pour comprimer
le sein (6) qui est positionné sur la surface de
positionnement contre la surface de positionne-
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ment et à travers lequel sont transmis des
rayons X et des rayons infrarouges proches ;
une source bidimensionnelle (2) de rayons in-
frarouges proches, destinée à produire des
rayons infrarouges proches, agencée entre la
source de rayons X (1) et le panneau de com-
pression (3), la source bidimensionnelle de
rayons infrarouges proches étant agencée se-
lon une forme bidimensionnelle en alignement
avec le panneau de compression et étant mobile
entre une première position à laquelle la source
bidimensionnelle de rayons infrarouges pro-
ches est en contact avec le panneau de com-
pression (3) et une seconde position extérieure
à la région d’acquisition d’images
radiographiques ; et
une unité de commande configurée pour effec-
tuer une acquisition d’images infrarouges pro-
ches (S7) en utilisant la source bidimensionnelle
de rayons infrarouges proches (2) par déplace-
ment de la source bidimensionnelle de rayons
infrarouges proches vers la première position
(S3), et configurée pour effectuer l’acquisition
d’une image radiographique (S13) en utilisant
la source de rayons X (1) par déplacement de
la source bidimensionnelle de rayons infrarou-
ges proches (2) vers la seconde position (S11) ;
dans lequel le détecteur (5) comprend :

un filtre de longueur d’onde (9) configuré
pour transmettre des rayons infrarouges
proches ou des rayons de longueurs d’onde
supérieures à celles des rayons infrarouges
proches,
un luminophore (10) configuré pour trans-
mettre des rayons infrarouges proches et
pour générer une fluorescence en fonction
des rayons X incidents, et
un capteur à semiconducteur (11) configuré
pour détecter les rayons infrarouges pro-
ches.

2. Appareil de mammographie selon la revendication
1, dans lequel la source bidimensionnelle (2) de
rayons infrarouges proches est configurée pour être
mise en contact avec le panneau de compression
(3) par utilisation d’un mécanisme d’aspiration ou de
serrage sous pression.

3. Appareil de mammographie selon la revendication
1 ou 2, comprenant en outre :

un processeur d’image destiné à superposer
(S14) une image infrarouge proche acquise et
une image radiographique.

4. Appareil de mammographie selon l’une quelconque
des revendications 1 à 3, dans lequel l’unité de com-

mande est en outre configurée pour mettre en
oeuvre un éclairement décimé de la source bidimen-
sionnelle (2) de rayons infrarouges proches lorsque
l’acquisition de l’image infrarouge proche est effec-
tuée pour le positionnement du sein.

5. Appareil de mammographie selon l’une quelconque
des revendications 1 à 4, comprenant en outre un
correcteur configuré pour effectuer une correction
d’ombrage d’une image infrarouge proche acquise
et d’une image radiographique en acquiérant des
images noires et en soustrayant respectivement les
images noires acquises à l’image infrarouge proche
et à l’image radiographique, et en acquiérant une
image blanche et en divisant respectivement l’image
blanche acquise par l’image infrarouge proche et
l’image radiographique.

6. Appareil de mammographie selon l’une quelconque
des revendications 1 à 5, dans lequel le capteur à
semiconducteur (11) est un capteur CMOS.

7. Appareil de mammographie selon l’une quelconque
des revendications 1 à 6, dans lequel le détecteur
comprend en outre un panneau protecteur (8) et un
mécanisme (12) d’élévation du capteur, le mécanis-
me (12) d’élévation du capteur étant un mécanisme
destiné à ajuster la distance entre le panneau pro-
tecteur (8) et le filtre de longueur d’onde (9).

8. Appareil de mammographie selon la revendication
7, dans lequel l’unité de commande est configurée
pour rétracter la source bidimensionnelle (2) de
rayons infrarouges proches et pour insérer une grille
de rayons X 4 entre le panneau protecteur (8) et le
filtre de longueur d’onde (9), lors de l’acquisition
d’une image radiographique.

9. Appareil de mammographie selon l’une quelconque
des revendications 1 à 7, comprenant en outre une
grille de rayons X configurée pour transmettre des
rayons infrarouges proches.

10. Appareil de mammographie selon l’une quelconque
des revendications précédentes, dans lequel la
source bidimensionnelle (2) de rayons infrarouges
proches est une matrice laser et comprend une pre-
mière partie constituée de diodes laser agencées de
manière bidimensionnelle et une seconde partie
constituée de fibres agencées de manière bidimen-
sionnelle, les diodes et les fibres se correspondant
une à une, ou une fibre correspondant à un groupe
de diodes de fréquences différentes.

11. Procédé d’acquisition d’une image d’un sein en uti-
lisant l’appareil selon l’une quelconque des revendi-
cations 1 à 10, le procédé consistant à :
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détecter des rayons X et des rayons infrarouges
proches transmis à travers le sein qui a été po-
sitionné sur la surface de positionnement du dé-
tecteur (5) ;
compresser, à l’aide du panneau de compres-
sion (3) optiquement transparent ou semi-trans-
parent, ledit sein contre ladite surface de
positionnement ;
déplacer la source bidimensionnelle (2) de
rayons infrarouges proches entre une première
position à laquelle la source de rayons infrarou-
ges proches bidimensionnelle (2) est en contact
avec le panneau de compression (3) et une se-
conde position extérieure à la région d’acquisi-
tion d’images radiographiques, et
effectuer l’acquisition de l’image infrarouge pro-
che en déplaçant la source bidimensionnelle (2)
de rayons infrarouges proches vers la première
position (S3), et effectuer l’acquisition d’images
radiographiques (S13) en déplaçant la source
bidimensionnelle (2) de rayons infrarouges pro-
ches vers la seconde position (S11).

12. Programme qui, lorsqu’il est exécuté par un ordina-
teur, fait en sorte que l’appareil de mammographie
selon l’une quelconque des revendications 1 à 10
mette en oeuvre le procédé selon la revendication
11.

13. Support de stockage stockant le programme infor-
matique selon la revendication 12.
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