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Description

Field Of The Invention

[0001] The field of the present invention is ultrasonic scanning and diagnostics for cellular tissue.

Background Of The Invention

[0002] Ultrasonic probes have been used for scanning cellular tissue for many years. Presently, any medical ultra-
sound examination, whether of the heart, pelvis, abdomen, soft tissues or any other system, is usually displayed as a
number of individual frames or pictures from a study performed in a dynamic movie-like manner. The usefulness of
the scan, however, is dependent on the skill of the operator, who manipulates the probe by hand while watching the
scan images on a monitor to identify areas of interest. Once these areas are identified, the operator usually records
single or multiple single scan images showing those areas.
[0003] Because the operator must choose a few frames from the large number generated during the scan, the process
is open to error. The operator may fail to select an image of an important finding, or may select an image that misrep-
resents the overall findings. In addition, since the operator is manipulating the probe by hand, and the speed of the
probe over the tissue cannot be correlated with the image capture rate of the probe, the coverage of the scanned tissue
is somewhat haphazard. As a result, the operator does not record a series of images that represent a contiguous and
complete set of images for the entire scanned tissue. Nor does the manual operation of the probe allow for entirely
uniform coverage of the tissue, even if multiple passes are used.
[0004] A second method of recording ultrasonic examinations is used for dynamic examinations such as echocar-
diography, where a dynamic recording is made on videotape. Unfortunately, this analog method is not matched to the
digital sonographic recording of individual frames. Consequently, there is a great loss of detail that prevents the eval-
uation of individual frames, which limits the usefulness of the videotape for diagnosing tissue anomalies. The inter-
preting physician has no way to vary the speed of playback or to vary the size of the images. Nor can the physician
vary the inherent contrast and brightness of the images, only the monitor settings. These difficulties lengthen the review
time and prevent optimum viewing. In addition, the use of separate videotapes for individual patients is expensive, and
creates a storage problem.
[0005] Specific to screening asymptomatic women for occult breast cancer, there are two methods presently in wide-
spread use, physical examination and mammography. Both of these methods are imperfect. Physical examination
usually cannot detect cancers smaller than 1/2 inch in diameter. Some cancers have to be many times larger to be
detected. Mammography is unable to detect as many as 30 percent of cancers smaller than 1/2 inch. About 5 to 10
percent of larger cancers are mammographically occult. Mammograms also use radiation and necessitate painful com-
pression of the breasts, which discourage women from having routine mammograms.
[0006] Although not well recognized by the medical community, ultrasound is very proficient at diagnosing breast
cancers if the location of the abnormality is first discovered by another modality, such as mammography or physical
examination. When using ultrasound as a screening method for the entire breast, however, malignancies are usually
difficult to pick out of the background tissue. In the past there have been two schemes to use ultrasound for breast
screening, but they failed to gain acceptance due to their unacceptably low success rate in finding cancers.
[0007] One method was a water bath system with multiple ultrasound probes and the breast in a water bath that
allowed generation of images of the whole breast in consecutive slices. These slices could be viewed in sequence at
a rate of one every ten seconds.
[0008] The second method was to videotape-record the scanning performed by a technician examining the entire
breast. This method had the disadvantage of being somewhat haphazard in breast coverage. The variable speed of
manual motion does not allow the tissue to be uniformly imaged because the speed is not synchronized to the frame
capture rate of the ultrasound probe. Videotaping also results in a degradation of the images for the reasons described
above.
[0009] To date, no method has been developed to uniformly and reliably use ultrasound probes to create a contiguous
and complete set of scan images for an entire area of cellular tissue, such as a human breast. Ultrasound is usually
used to investigate areas of interest in cellular tissue that have already been identified by other screening methods
such as mammograms, x-rays, and MRI-scans. Ultrasound is not ordinarily used as a screening tool for cellular tissue
anomalies.

Summary Of The Invention

[0010] The present invention is directed to an improved system of ultrasonic scanning and diagnostics of cellular
tissue. A sequence of cross-sectional ultrasonic images of tissue are generated, with means to determine the location
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of each individual image. The present invention also presents a systematic method for screening cellular tissue, using
cross-sectional ultrasonic scans.
[0011] In a first separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform speed. Uniform imaging of the tissue can be achieved.
[0012] In a second separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform speed. The speed of the probe over the tissue is matched to the image capture rate of the
ultrasound scanner. Further uniform imaging of the tissue can be achieved.
[0013] In a third separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform speed. The angle of the ultrasonic probe may be adjusted prior to and during the scanning process
to maintain optimal contact with the tissue being scanned. Further uniform imaging of the tissue can be achieved.
[0014] In a fourth separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform velocity, accounting for velocity variations caused by changes in the angle of the probe in following
the contours of the tissue. Further uniform imaging of the tissue can be achieved.
[0015] In a fifth separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform speed in a substantially straight line, and the probe's location is adjusted laterally along that
substantially straight line to account for changes in the angle of the probe caused by following the contours of the
tissue. Further uniform imaging of the tissue can be achieved.
[0016] In a sixth separate aspect of the present invention, an ultrasonic probe is propelled over the tissue to be
scanned at a uniform speed. The image data from the ultrasonic probe is converted and stored in a format compatible
with a viewer. The data are viewed with a specialized viewer that allows rapid, sequential playback of the images. An
improved method of scanning tissue for cancers and anomalies is thus achieved. The viewer can have the capability
of allowing the user to select points of interest on individual scan images, and also select a known reference point on
the same or another individual image. The viewer then calculates the distances between the two points in three di-
mensions. The exact location of the point of interest on the patient may thus be determined.
[0017] In a seventh separate aspect of the present invention, location data are collected for each image frame. This
allows an ultrasonic probe to be operated without need for completely uniform speed, and still allow for accurate location
of features or anomalies.
[0018] In an eighth separate aspect of the present invention, the images can be viewed to allow the user to select
points of interest on individual scan images, and also select a known reference point on the same or another individual
image, which in breast cancer screening is usually the nipple. Distances between the two points in three dimensions
can then be calculated. The exact location of the point of interest on the patient may thus be determined by measuring
from the nipple to the point of interest.
[0019] In a ninth separate aspect of the present invention, in breast tissue scanning a pad is placed over the nipple
that has different ultrasonic characteristics than breast tissue, and the scan is performed. The pad shows up in the
scan images and identifies the nipple as a reference point, and reduces the loss of sonic information behind the nipple
(ultrasonic shadowing).
[0020] In a tenth separate aspect of the present invention, the breast tissue scanning of the ninth aspect further
includes a covering placed over the breast during scanning to hold the breast and nipple pad in place and reduce
ultrasonic shadowing. Improved imaging is thus possible.
[0021] In an eleventh separate aspect of the present invention, combinations of the foregoing aspects are contem-
plated to provide increased advantage.
[0022] Accordingly, it is an object of the present invention to provide a system and method that will allow cellular
tissue to be reliably screened for anomalies by ultrasonic scanning. Other and further objects and advantages will
appear hereafter.

Brief Description Of The Drawings

[0023]

Figure 1 is a block diagram showing the elements of a cellular tissue screening tool and its interconnections.
Figure 2 depicts a plan view of a patient platform and probe carrier.
Figure 3 depicts a side view of a patient platform and probe carrier.
Figure 4 depicts an end view of a patient platform, and the probe carrier holding an ultrasonic probe.
Figure 4A depicts a side view of a carrier arm and probe carrier holding an ultrasonic probe and angle sensor.
Figure 4B depicts an end view of a carrier arm and probe carrier holding an ultrasonic probe and angle sensor.
Figure 5 is a schematic diagram showing a plurality of scan rows of scan row images of a human breast.
Figure 6 is a flow chart describing how the viewing program on the computer acquires data from the ultrasonic
scanner, converts it into digital image data that can be used by the viewing program, and creates an image file.
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Figure 7 is a flow chart describing how a user interface of the viewing program operates to acquire data from the
ultrasonic scanner and create an image file on the computer.
Figure 8 is a schematic of a preferred embodiment of an image file containing a plurality of scan row images.
Figure 9 is a flow chart describing how the user interface of the viewing program operates during playback of
images on the computer.
Figure 10 is a flow chart describing the operation of the viewing program's location function.
Figure 11 A is a front view of a fabric covering.
Figure 11B is a rear view of a fabric covering.
Figure 12A is a plan view of a nipple pad.
Figure 12B is a side view of a nipple pad.
Figure 12C is a perspective view of a nipple pad.
Figure 13 is a schematic diagram showing the signals between the angle sensor, the computer and the motors.

Detailed Description Of A Preferred Embodiment

[0024] As shown in Figure 1, a preferred embodiment is comprised of a patient platform 2 to steady the patient and
provide a base for the support member 4, the probe carrier 5 connected with the support member 4 that is capable of
translational movement to guide the probe across the tissue to be scanned, a standard medical ultrasound scanning
device 6 with an associated probe 8, a remote control device 10 that operates the probe carrier 5, a standard computer
12, a connection device 14 between the ultrasound device 6 and the computer 12, and a viewing program that obtains
image data from the ultrasound device and converts it into image data compatible with the viewing program and displays
the images. The medical ultrasound scanning device 6 is a machine that sends and receives signals from the associated
ultrasound probe 8, both of which are usually sold as a single unit. The ultrasound scanning device 6 with associated
probe 8, computer 12, and connection device 14 are commercially available.
[0025] The mechanical carrier 5 holding the ultrasound probe 8 can be connected with the ultrasound scanner 6.
Synchronization between the probe holder mechanical carrier 5 and the ultrasound scanner 6 can be employed while
recording the scans.

Probe Carrier

[0026] In order to obtain substantially parallel and contiguous images, a mechanical device holding the ultrasound
probe 8 propels the probe across the tissue to be scanned at a uniform rate. In a preferred embodiment shown in
Figure 3, the mechanism holding the probe 8 is mounted to a patient platform 16 that steadies the patient during the
exam and acts as a base for the mechanism. The carrier carriage 18 shown in Figures 2 and 3 is comprised of two
parallel vertical members attached to rails 20 beneath the platform and a horizontal member that is attached to the top
of the two vertical members, as shown in Figure 4. The rails 20 allow the carriage 18 to move along the length of the
platform, or the x-axis, as shown in Figures 2 and 3. Attached to the horizontal member between the two vertical
members is another vertical member with an attached semi U-shaped member, called the carrier arm 22, which is
attached to a carrier 24 holding an ultrasound probe 8. The carrier arm 22 is attached in such a manner that allows it
to move along both the y-axis and the z-axis, so that it can move both across the patient and nearer/further from the
patient on the platform, as shown in Figure 4. The carrier 24 itself is articulated to hold the probe at any desired angle
relative to the patient by rotating about the x and y axes. The carrier 24 may hold the probe 8 at a fixed angle during
scanning, or can adjusted during the scanning process to keep the probe 8 perpendicular to the patient's skin (or any
other preferred orientation).
[0027] To protect the carriage assembly when not in use, and to prevent the patient from becoming entangled in it
when first lying on the platform, the assembly is housed in a "garage" 26 at one end of the platform 16. In a preferred
embodiment, the carriage 18 is propelled along the x-axis of the platform 16 by one or more motors that are controlled
by a microprocessor. The carrier arm 22 is also moved along its two axes during scanning by one or more motors
controlled by one or more microprocessors. The microprocessor(s) can be separate from the computer 12 that operates
the viewing program (described below), or the computer 12 can be used for this purpose. The carrier arm 22 moves
along the z-axis to maintain consistent contact between the probe 8 and the patient's skin during scanning. The carrier
arm 22 maintains a constant pressure of the probe 8 on the patient, with a user-selected preset value. This pressure
is monitored during the scan and an override function will move the carrier arm 22 up and away from the patient in the
z-axis if a maximum pressure level is detected. In another embodiment, the operator will maintain the pressure manually
during the scanning process, and the pressure may be measured using pressure transducer(s) in close proximity to
the probe head. The carrier arm 22 will move upward to clear the patient at the end of the scan. A manual override on
the remote control 10 is also available to move the carrier arm 22 away from the patient when there is a panic or
emergency situation.
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[0028] In other embodiments, the carriage 18 and carrier arm 22 can be either on a parallel track arrangement (one
sided or multi-sided), or be comprised of an articulating arm or some other contrivance, located over, underneath or
adjacent to the patient (with or without the use of a patient platform) positioned either upright or prone. The carrier arm
22 need not be supported by a carriage assembly connected to the patient platform, but could be independently sus-
pended from the ceiling, wall, or floor, providing translational movement in both the x and y directions relative to the
patient platform. The carrier mechanism could be similar to carriage mechanisms currently used to support x-ray ma-
chines, with means added to provide the requisite movement of the probe. The probe may be supported and propelled
by a mechanical carrier by any means (manually, mechanically, electrically, hydraulically, pneumatically or by any other
means, with or without control feedback), or any combination of methods. These methods, singularly or combined may
be utilized to control the probe in the X, Y and Z-axes. Gravity may also be employed to provide the requisite pressure
of the probe on the patient, or assist in the propulsion of the probe across the tissue.
[0029] The probe 8 may be designed as a permanent or removable component of the mechanical carrier 24. The
carrier 24 may be designed with or without an onboard integrated ultrasound machine 6, ultrasound probe 8, and or
ultrasound probe interface.
[0030] As shown in Figures 4A and 4B, the carrier 24 can be articulated to change the angular position of the probe
8 prior to or during scanning either manually, or by one or more motors controlled by one or more microprocessors.
The microprocessor(s) can be separate from the computer 12 that operates the viewing program (described below),
or the computer 12 can be used for this purpose. If the probe itself has an articulating head, the carrier may not need
to be articulated.
[0031] In an embodiment where the probe's 8 angular position is adjusted automatically during scanning, the pitch
and roll adjustments are triggered by one or more displacement transducers positioned around the ultrasound probe
8. In this embodiment, all the data related to the position and angle of the probe 8 may be provided to the viewing
program to allow the images to be correlated with their corresponding location on the patient. The position data may
allow the program to compensate for the overlapping of, or gaps between images. The measurement system can be
by any means or convention and may consist of any or all of x, y, and z-axes and/or the probe angular position.
[0032] The speed of the carrier 24 holding the probe 8 is precisely controlled by a microprocessor. The speed may
be correlated with the capture rate of the ultrasonic scanning device 6. The uniform speed of the probe face 9 over the
tissue results in images that are uniformly spaced, which allows the viewing program (discussed below) to calculate
the position of a selected point on any image. In an embodiment where the probe is held at a fixed angle during the
scan, the uniform spacing is all that is necessary to determine the position of each frame of the scan on the patient.
The ultrasound scanning device 6 may act as a controller in communication with the probe 8 to sequentially activate
the probe 8 as it moves across the tissue, but any other controller could be used to activate the probe, including a
computer linked to the probe or the scanning device or both.
[0033] The operator may determine the amount of area to be scanned, and input various parameters of that area
into the computer's 12 positioning program. For example, when used for breast tissue scanning, the operator will
measure across the skin, providing the total length to be traversed by the probe 8. In current practice, the width of the
tissue scanned by the ultrasound probe 8 is generally too small to capture an image of an entire organ such as the
breast. As a result, several adjacent passes are performed to provide complete coverage. Each pass (called a scan
row 30) will have some overlap with the preceding pass, to achieve full coverage and eliminate the potential for missing
features at the fringes of the scan. Prior to each successive pass, the carrier arm 22 lifts away from the patient, moves
along the y-axis across the breast and along the x-axis to the top of the of the area to be scanned to position itself for
the next scan row 30, then lowers itself along the z-axis onto the patient. Alternatively, the carrier arm 22 may be raised
or lowered manually.
[0034] A scan row 30 contains a plurality of individual images or frames 28, typically about 200 to 300 for a breast.
Figure 5 depicts how the frames 28 in scan rows 30 are aligned on a typical breast scan, but for clarity, no overlap is
shown. A scan row 30 can be thought of as a stack of photographic slides, each slide representing an individual frame
28. The frames 28 are evenly spaced, which may be accomplished by uniform motion of the probe 8 and uniform timing
of the scans. The frames 28 are most conveniently substantially parallel to each other.
[0035] In an embodiment where the probe's angle is changed during scanning, the probe 8 is attached to a carrier
24 that allows the probe 8 to be pivoted in any direction. The roll plane 11 refers to the forward and backward pivoted
movement of the probe 8 along the x-axis at the roll plane pivot 100. See Figures 4A and 4B. The pitch plane 13 refers
to the left and right pivoted movement of the probe 8 along the y-axis at the pitch plane pivot 102. The pitch and roll
pivots 100, 103 allow the probe to maintain full contact between the probe face 9 and the skin surface by allowing the
probe 8 to be positioned at a perpendicular angle to the skin regardless of skin contour, to allow for optimal ultrasonic
imaging. A commercially available angle sensor 25 may be attached to the carrier 24 so that it is parallel to the probe
8 at all times in both the roll plane 11 (x-axis) and the pitch plane 13 (y-axis), see Figures 4A and 4B. The angle sensor
25 sends the roll and the pitch angles to the positioning program in the computer 12 at short regular intervals, one
tenth of a second in a preferred embodiment. Figure 15 is a schematic diagram of the signals between the angle sensor,
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the computer and the motors.
[0036] Where the probe 8 is dynamically angled as the probe 8 is moved over the tissue, particularly where the tissue
is not flat, several problems arise in achieving proper speed and location during the scan. For example, when trying
to uniformly scan a convex object, such as a breast, the degree of convexity of the breast is unknown in both the 'x'
and 'y' axes. Using a breast as an example, if the probe 8 is propelled at a constant speed along the x-axis, the speed
of the probe face 9, in reference to the skin, will increase on the upslope and the downslope of the breast. In addition,
since the roll plane pivot 100 in the carrier 24 is some distance above where the probe face 9 touches the skin (called
the fulcrum length 27), the probe face 9 and the carrier 24 will not be in the same position along the x-axis when the
probe 8 is pivoted in the roll plane. Thus the carrier 24 will be behind the probe face 9 on upslopes and in front of it on
downslopes.
[0037] Location sensors could be used to track the location of the carrier 24, and the angular position of the probe
8, for accurate location and speed corrections. Sensors may determine the carrier's 24 location by counting the number
of rotations of the motors controlling the movement of the carrier arm 22 in the 'x' and 'y' directions. The probe's 8
angular position may be determined by the angle sensor 25. These location sensors are "coupled" with the probe even
though no direct connection to the probe may exist.
[0038] Speed correction over the skin may be implemented with an angle sensor 25 attached to the probe 8 that
sends the probe's 8 angle in both the 'x' and 'y' axes to the controlling computer 12 continuously, at least ten times per
second. The change of angle in the 'x' axis may be used to properly adjust the velocity for the next increment of time
by applying a two-term trigonometric formula. The first term maintains a constant speed along the skin by decreasing
the horizontal speed of the carrier 24 as the probe 8 gains vertical speed by climbing or descending along the slope
of the breast. The second term accounts for the effect of the pivot in displacing the carrier arm 22 relative to the probe
face 9. Therefore, the angle sensor 25 provides angle data to the positioning program residing on the computer 12,
which controls the x-axis motor to produce uniform velocity of the pivoted probe 8 over the skin of the breast, while
continuously changing only the horizontal (x-axis) velocity. To produce the desired constant velocity, the positioning
program uses the cosine of current roll angle to calculate the x-axis motion vector. The positioning program also com-
pensates for the horizontal component of the offset of the carrier 24 from the probe face 9 produced by the position of
the roll plane pivot 100 in the carrier 24 being above the probe face 9. The positioning program uses the absolute
change of the sines of the roll angle between the present angle and the angle in the previous time interval, using the
following formula:

Where:

HV = Horizontal Velocity (of the carrier arm 22 necessary to produce DV at the present roll angle)
DV = Default Velocity (desired velocity of the probe face 9 over the skin)
FL = Fulcrum Length (distance between the roll plane pivot 100 and the center of the probe face 9)
TI = Time Interval (time in seconds between angle measurements)
ORA = Old Roll Angle (Angle of probe 8 along x-axis in last time increment)
NRA = New Roll Angle (Angle of probe 8 along x-axis at present)

[0039] If the computer 12 clock and the software that receives signals from the angle sensor 25 are not precisely
matched, the time intervals (TI) in the above equation can be slightly different. Although in a preferred embodiment
the cycles are sufficiently long to cancel out each of the small differences, to prevent errors introduced by these variable
length time intervals, an additional correction factor can be used. Velocities can be requested for set intervals to achieve
specific distances along the x and y-axes, but the inexactness of the time intervals may result in approximate rather
than exact distances with each move. These small errors summated over an entire row could be significant and result
in errors in row length and width. The solution is to interrogate the exact position of the probe 8 along the length of the
x and y-axes after each time interval, and correct any small error during that time interval and convert that distance
into a velocity to be added or subtracted during the next time interval. The positioning program records the number of
rotations of the motors driving the horizontal (x-axis and y-axis) motion, from which the exact position of the probe 8
can be calculated.
[0040] The fact that the probe can be angled in the pitch plane 13 creates an additional lateral correction factor, using
data from the location sensors. Like the roll plane pivot 100, the pitch plane pivot 102 is above the probe face 9, so
any angulation in the y-axis as a result of the curvature of the tissue, such as on a breast, will cause the probe 8 to
deviate from its straight-line course. If this lateral movement is not corrected, it will result in a curved row, and gaps in
tissue coverage. Again, using the change in angle sent by the angle sensor 25 and a one-term trigonometric formula,

HV = (DV * cos(NRA) + (FL/TI * (|sin(ORA) - sin(NRA)|))
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the positioning program on the computer 12 can signal a y-axis motor to continuously change the lateral position of
the probe 8 to maintain straight rows. To maintain straight travel over a convex surface, the positioning program cal-
culates the correction of the y-axis position, using the change of the sines of the previous and the present pitch angles.
The effect of canting the probe 8 in the pitch plane 13 adds another term to compensate for additional movement of
the probe. This term is subtracted from the first term, and is the change of the cosines of the previous and the present
pitch angles, using the following formula:

Where:

YCD = y-axis Correction Distance (of the probe 8 to correct for the offset from the change in y-axis angle from the
previous time increment)
PFW = Probe Face Width (width of the probe face 9)
OPA = Old Pitch Angle (Angle of probe 8 along y-axis in last time increment)
NPA = New Pitch Angle (Angle of probe 8 along y-axis at present)

[0041] To maintain complete coverage, the carrier 24 must move the width of the probe face 9 over the skin, rather
than along the 'y' axis, when beginning its next row. The sensors may be used to provide location data to the positioning
program, which continuously records the maximum y-axis angle and uses the maximum angle in each row in a one-
tenn trigonometric formula, and calculates the distance to move the probe 8 along the y-axis so that no skip area will
occur. To assure that no tissue will be skipped, the rows overlap slightly, and the initial starting position of each row
should be calculated to assure overlap. The positioning program uses the difference of the sines of the initial pitch
angle and the maximum pitch angle in a row to calculate the distance to move the carrier 24 on the y-axis to begin the
next row, using the following formula:

Where:

NRO = Next Row Offset (of the probe 8 to avoid skip areas)
PFW = Probe Face Width (width of the probe face 9)
MPA = Maximum Pitch Angle (in the present row)
OA = Overlap Amount (of the contiguous rows)

[0042] In the embodiment where the probe's 8 angular position is dynamically adjusted during scanning to follow the
contours of the tissue being scanned, the tops of the frames 28 are substantially evenly spaced, and the tissue contours
will be sufficiently gentle that adjacent frames 28 will remain substantially parallel to each other, although they may
differ by as much as a few degrees. Although adjacent frames 28 within a single scan row 30 are substantially parallel,
frames 28 may become progressively less parallel as they are separated by an increasing number of frames 28. Frames
28 in two adjacent scan rows 30 are not necessarily substantially parallel.
[0043] In a preferred embodiment, an organ such as a breast can be scanned in one segment, with the scan rows
30 progressing across the entire breast from lateral to medial, or vice-versa. Figure 5 depicts a series of scan rows 30
comprising one segment. In other embodiments, each breast may be scanned in two segments, with the first scan row
of each segment aligned at the center of the breast at the nipple and successive scan rows 30 being progressively
further from the nipple.

Viewing Program

[0044] A preferred embodiment of the viewing program (or viewer) is a streamlined, monolithic, 32-bit Windows
application designed to run on Windows 95, Windows 98, NT 4, and Windows 2000. A preferred embodiment is im-
plemented to interface with and acquire data from the General Electric Logiq 700 medical ultrasound scanner. The
viewing program could, of course, be written to run on other types of computer systems and future versions of operating
systems, and to interface with other types of scanning devices. As used in the claims, "computer" generically refers to
any suitable device using one or more microprocessors to process data.
[0045] The viewing program's monolithic structure and relatively small size allow it to be bundled with the image data

YCD = (PFW * (sin(OPA) - sin(NPA)))- υ PFW * (cos(OPA) - cos(NPA))

NRO = (cos(MPA) * PFW) - OA
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for ease of transport and viewing flexibility. In most cases, complete scan data for a patient and the program can be
placed on a single CD, allowing the user to transport a number of patient scans in a relatively small package, and view
them on any computer that is compatible with the software on the CD. Although it would be even more convenient to
transmit scans via e-mail, the current speed and size limitations of e-mail make sending the entire scan impractical. If
desired, however, the viewing program can select small segments of the scan data and bundle it with the viewing
program, for a small data package that is practical to send via current e-mail systems. Other delivery options could
also be utilized, such as streaming video over the internet, or discrete file downloads using file compression to speed
download time. In addition, the viewer can export or print single frames 28 in a standard image format, such as bitmap.
[0046] In other embodiments, the viewing program could be designed to operate solely on a computer on which it
resides, or it could be resident on a server in a client-server environment. The program could also be non-monolithic,
using Java or a similar language, in a network-centric environment.
[0047] In a preferred embodiment shown in Figure 1, the viewer program controls the scanning operation and data
offloading via a connection device 14, such as a network TCP/IP interface. Other connection devices could be used,
or with certain scanners, none may be needed. The General Electric Logiq 700 ultrasonic scanning device has an
internal buffer that can store a finite amount of image data before offloading is required to clear the buffer for another
scan. Other scanning devices have no such buffer, but instead provide an output of streaming data as the scan is being
performed, and the program is capable of acquiring image data from a variety of scanning devices.
[0048] In a preferred embodiment, the computer acts as a receiver and recorder for the ultrasonic images obtained
from the ultrasonic scanning device. As shown in Figure 6, a preferred embodiment uses a handshake sequence
between the viewer and scanner to begin the scan acquisition process 32. The viewer then invokes the scanner to
clear its internal frame buffer 34 and then to acquire a scan row to its internal buffer 36. The viewer freezes the scanner
buffer 38, determines the number of frames 28 in the buffer, their dimensions and pixel format 40, initializes a new
scan row in the image file 42, reads individual frames 28 from the buffer 44, counts the frame format 46 and writes
them into the image file 48 on a data storage device. It then repeats the acquisition process until all the frames 28 in
the scan row are processed 50, and terminates the scan row in the file 52. It then starts all over with additional scan
rows 30 until the entire scan is acquired in the image file 54. A preferred embodiment of the viewer uses a proprietary
image file format, which contains a header for patient information and scan information ("image file"), but images could
also be converted into standardized formats such as DICOM.
[0049] Figure 7 is a flow chart showing the user interface for the data transfer process from the scanner to the
computer. The user creates a new file by choosing from the file menu 56, specifies a name for the new file 58, enters
the patient data and relevant information 60, makes a selection from the data menu 62, and specifies what segment
of the breast is about to be acquired 64. The user then begins the acquisition process 66, and frames 28 are then
offloaded sequentially from the scanner's frame buffer via a connection device 14, such as a network interface, then
normalized, compressed losslessly (if desired) and written sequentially to the image file, said file recorded on a data
storage device. When all buffered frames are processed, the viewer terminates the constructed row in the image file
68. Another scan row can then be acquired and so on, or the interface to the scanner may be terminated 70. For
offloading streaming data, the program performs a real-time write-through.

Acquiring The Data

[0050] In a preferred embodiment, the viewer creates (and subsequently displays) proprietary image files, the format
of which consists of a file header 72, a patient information block 74, and zero or more blocks of scan row frames 76,
as shown in Figure 8. The patient information block 74 contains not only information about the patient, but also infor-
mation about the scan itself, such as the depth and width of the scan, length of the scan row, speed of the carrier 24
during the scan, the number of frames per second captured by the scanner, the spacing between each frame, etc.
[0051] In another embodiment where the probe's angular position is dynamically adjusted during the scan, the viewer
program may record on a data storage device the angular position of each frame and other information for each frame.
The angular position data can be provided to the viewer program though the scanner 6, from angle sensor 25 attached
to the probe 8 or the carrier 24, or from an intermediary computer program that gathers this data.
[0052] The viewer is implemented to be largely independent of the particular scanner hardware with which it is paired.
A specific module written for each scanner is responsible for "normalizing" data from the internal format used by that
particular scanner to the format used within an image file. The computer acts as a conversion device to convert this
scanner data into the viewer's image file format. Scan row frame elements stored in an image file are written in a format
optimized for rapid rendering during display. In a preferred embodiment, the viewer is run on computers using a WIN
32 operating system, and scan frames 28 are written to image files in an 8-bit format that closely mirrors 8-bit grayscale
Windows DIB (device-independent bitmap) format. This allows the images to be efficiently displayed on a Windows
computer with practically no routine translation.
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Displaying The Images

[0053] After acquiring, converting, and storing the scan data, the second major task of the viewer is to display the
scan images. The viewer opens a previously created image file and renders sequential scan row frames within its
interface in a "movie-like" manner. The images can be played at variable speed, backward or forward, and can pause
on a single frame.
[0054] The user interface for the viewing program may look and operate in largely the same manner as commercially
available digital video players, such as Microsoft Windows Media Player, with buttons for Play, Pause, Stop, a slider
bar to move back and forth within segments, etc. The playback features may utilize standard Windows input/output
operations commonly used in digital video applications. A generalized flow diagram showing the user interface steps
for playback operation is shown in Figure 9.
[0055] One of the viewer features is a location function, which determines the physical location (on the patient) of
any point on any frame 28 given any selected reference point on the same frame, or on a different frame. For example,
if a physician finds an abnormality on one frame, he needs to then be able to locate some prominent feature elsewhere
in the frame data, i.e., the nipple or a temporary mark placed by the operator, and then find the position of the abnormality
relative to that reference point.
[0056] The user interface for the location feature operates as shown in the flowchart in Figure 10. The user marks
the point-of-interest ("POI") on a particular frame 28 being viewed 78 by double-clicking it with the computer mouse
80. An overlapped window then appears, and within that window a small display pane shows "thumbnail"-sized sono-
graph frames taken from the scan rows (actually, the same row "segment") in which the abnormality lies 82. The user
can then traverse through the thumbnailed frames until he locates a reference frame containing a reference point ("RP")
he wishes to use 84. In the case of a breast scan, the RP will often be the nipple, which can be positively identified by
placing a special pad 120 over the nipple during the scan, readily identifiable on the viewer image. The user can then
mark a point on that reference frame using the mouse 84. The viewer program immediately calculates the first position
relative to the reference point 86 and displays the results (in both textual and graphical format) to the user 88. The
user then closes the dialog box to end the function 90.
[0057] To implement the location function, the viewer takes advantage of the data known about the scan, which is
written in the image file's header as part of the data acquisition process. Such information includes the width of the
frame, and the distance between subsequent frames in a particular scan row, and the offset between scan rows. Within
an individual frame, the location function calculates the position of a user-selected point by proportional math, using
the number of image data points (pixels) in the height and width, and the size of the frame, to calculate the distance
of the point from the sides of the frame. The program counts the number of pixels across the width of the frame, then
the user-selected pixel position number is multiplied by the frame width and divided by the total number of pixels. For
example, assuming the frame width is 4 centimeters, the program counts 400 pixels across that width, and the user
selected a point at pixel position 100: 100 * 4 cm / 400 = 1 cm. So the selected point is 1 centimeter from the side of
the frame. The program then performs a similar calculation to determine the selected point's distance from the top of
the frame. Figure 10 depicts this process and also shows how the location function determines the distances and
angles from a user-selected point of interest (POI) to a user-selected reference point (RP), using the known values
and simple trigonometry 86. In breast cancer screening, the POI is usually a suspected cancer, and the RP is the nipple.
[0058] The substantially uniform motion of the probe 8 results in evenly spaced frames 28, and thus the distance
from a reference frame to a particular frame is calculated by counting the number of frames between them and multi-
plying by the spacing 86. In addition, the overlap of each scan row is known, and thus if the RP is in a different scan
row than the POI, determining the location is a simple matter of determining the overlap and measuring the distance,
and using trigonometry to make any angular and remaining distance calculations 86. Therefore, counting the frames
from the RP and taking into account their overlap provides the location of each individual image.
[0059] In a preferred embodiment where the angular position of the probe is dynamically adjusted during the scanning
process, the viewing program may obtain each frame's angular position during the scan from the angle sensor 25,
along with the other information described above. Using that information, the location function may again use simple
trigonometry to calculate the distances between the RP and the POI.
[0060] Another feature of the viewer is its ability to accurately measure the distance between two user-selected
points on a single frame. This allows the user to measure anomalies or features found in the images. The process for
measuring is very similar to the location function process. Using the known values for frame depth and width, the
measuring function uses proportional math to determine the distance between the two points. To measure diagonally
across a frame, proportional math is used to determine the lengths of the triangle legs, and simple trigonometry is used
to calculate the length of the hypotenuse, which is the distance between the points.
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Carrier-less Embodiment

[0061] It is possible to obtain the sequential scans without the use of a carrier. The probe may be coupled with one
or more location sensors to provide location data that is correlated with each individual frame. The term "coupled"
means the sensors could be attached to the probe itself, or used to track the probe's movement without actual attach-
ment. These sensors may provide feedback to the operator to move the probe over the tissue at the correct speed,
and to start each scan row in the correct position. This will allow sufficiently complete coverage of the tissue without
the need for a mechanized carrier. Alternatively, to obtain relatively uniform spacing of the frames, a speed sensor on
the probe could signal the ultrasound scanning device to vary the frame capture rate to match the speed of the probe
as it is moved across the tissue.
[0062] This carrier-less embodiment does not necessarily rely on the precise movement of the carrier to provide
uniform spacing between the frames of a scan row in order to calculate distances between frames. Because location
data are available for each frame, the location function of the viewer can use the location information of the POI frame
and compare it to the location information of the RP frame, and make the requisite distance and trigonometric calcu-
lations to determine the distances from the RP to the POI.
[0063] The location sensors can be arranged in a variety of implementations. A simple inclinometer can be used to
determine the orientation of the probe in two or three axes. The location of the probe face 9 could be tracked by an
inertial sensor system, or a laser or infrared system, or a radio frequency local positioning system. Alternatively, a
simple wheel device could be used to measure distances as well as the speed the probe is being moved over the
tissue. Alternatively, an optical movement sensor, such as those commonly used in optical mice, or a laser interferom-
eter, could be attached to the probe to track its movement. When used for scanning breast tissue in conjunction with
a covering, the covering could be made of some type of fabric that is compatible with an optical movement sensor. All
of these systems could use a point on the body as a reference location, such as the nipple when the system is used
for breast scanning.

Method For Tissue Screening

[0064] The above-described devices, the probe, scanner, carrier, and viewing program, can be combined to provide
a method to scan for anomalies in cellular tissue, such as cancers. The tissue is scanned, and the user views the
images on a computer, rapidly scanning through the images in a "movie-like" fashion. This technique causes any
anomalies in the tissue to become visible during the rapid sequential playback, as they distort or disrupt normal fibrous
planes or sheets. The user can then run the images back and forth until the frame containing the anomaly is found,
and the user can mark that anomaly and locate it using the location function of the program. The viewer program emits
an audible and/or visual signal that marks the end of each scan row 30 or segment to allow the user to know the
approximate location without having to look away from the images. The viewer can also play a continuous loop with
user-selected start and end points. Follow-up studies can be performed using the location information, including a
more focused ultrasound investigation, biopsy, etc.
[0065] Individual images can be manipulated using image software such as Photoshop, using filters and other ma-
nipulation techniques to enhance the appearance of the anomalies and make them more visible, including image
magnification. Brightness and contrast of the frames can be adjusted. In addition, a variety of image enhancement
algorithms are commonly known in the art and the viewer program allows them to be used "on the fly" as the images
are displayed in rapid succession.
[0066] It is anticipated that the image review process could eventually be automated, once software is developed to
identify any anomalies. If necessary, the user could then study the images to determine the accuracy of the software's
identification.
[0067] For scanning breast tissue specifically, a preferred methodology is as follows. The mechanical probe carrier
24 is used, and depending upon the size of the probe, the breast may be scanned in strips or in its entirety, in either
multiple passes or a single pass, respectively. The breast may be scanned with or without a covering. Figures 11A and
11B show a bra-like covering 92 that may aid in holding the breast in position for screening, as well as assisting in
uniform integrity of image gathering by reducing information loss from ultrasonic shadowing. The covering 92 also
provides some modesty for the patient. Current ultrasound technology requires the use of sonographic coupling agent,
usually a gel, to exclude any air between the probe and the skin. Therefore, any such covering 92 would have to be
capable of absorbing the gel, be relatively transparent to ultrasonic energy, and have a sufficiently loose weave so that
any air trapped between the skin and the covering 92 may easily escape. The covering 92 could be preimpregnated
with the coupling agent, or the agent could be applied by the operator just prior to the scan, or both. To avoid having
the patient pull a gel-soaked covering 92 over her head after the scan is completed, the covering 92 could be designed
to dismantle after use. The covering 92 can be equipped with a seam in the back 94 that is constructed with chain
stitching that is easily undone so that the covering 92 may be removed by slipping it off the patient's arms. The shoulder
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seams 96 could also be made with chain stitching to further ease removal. Since a preferred embodiment of the covering
92 is designed to be a single-use item, the covering 92 could be cut off with scissors without the need for special
stitching. Zippers, hook and loop, or other fasteners could also be used to ease the putting on or removal of the covering
92, and would allow the covering 92 to be re-used. A preferred embodiment uses a stretch fabric for the covering 92,
but any suitable material that can conduct or pass through ultrasonic energy could be used.
[0068] A nipple pad 120 is placed on the patient's nipple to provide a reference point on the images. The nipple pad
120 shows up on the scan images due to its ultrasonic characteristics that distinguish it from the breast tissue. The
nipple pad 120 has the added benefit of reducing ultrasonic shadowing. Figures 12A, 12B and 12C depict a preferred
embodiment of a nipple pad 120, which is made of an ultrasonically conductive material, such as a solid gel. A preferred
embodiment of the nipple pad 120 is approximately 70 mm in diameter and varies in thickness from less than 1 at the
periphery to 4 mm at the center, but other sizes could be used. Larger and thicker gel pads are commercially available
for isolated ultrasound scans, where offsetting the probe from the tissue is advantageous, but they are not designed
to be completely traversed across their periphery during a scan. As shown in Figures 12A, 12B and 12C, the circular
nipple pad 120 is tapered to an edge 122 about its full periphery, and has a very smooth surface. The edge 122 of the
nipple pad 120 is thick enough to resist tearing, yet thin enough to allow the ultrasound probe to traverse its periphery
during scanning without dislodging the nipple pad 120 or causing an ultrasonic shadow at the nipple pad's edge 122.
The nipple pad 120 may be held in place by positioning it beneath the above-mentioned fabric covering 92.
[0069] As described above, the images are reviewed in a rapid sequential fashion, imparting a sense of motion
through the breast tissue. The reviewer can observe or detect a disruption of the normal breast architecture through
comparative image analysis or observation. The method has advantages over other ultrasound scanning techniques,
including the following:

1) Parallel and contiguous images are obtained, optimizing the coverage of the breast tissue and improving the
appearance of the images when viewed in a "movie-like" fashion.
2) The entire breast is imaged in a uniform and reproducible manner.
3) The images may be maintained and reviewed singularly, in strip form, or assembled to represent an entire
breast, such as 3-D reconstruction.

[0070] Accordingly, an improved ultrasonic cellular tissue screening tool is disclosed. Although embodiments and
applications of this invention have been shown, it would be apparent to those skilled in the art that many more modi-
fications are possible without departing from the inventive concepts herein. The invention, therefore, is not to be re-
stricted except in the spirit of the appended claims.

Claims

1. A system for screening breast tissue, comprising
an ultrasound scanning device including an ultrasound probe that is capable of generating image data representing
images of cellular tissue;

one or more sensors coupled with the probe to determine the probe's location;
a viewer to display the image data as images, the viewer providing a rapid, sequential display of scan images;
a pad to cover the patient's nipple, said pad being ultrasonically conductive and having different ultrasonic

characteristics than breast tissue; and
a fabric covering for the breast tissue, adapted to hold the breast tissue in place during scanning, wherein

the fabric is capable of absorbing an ultrasonic coupling agent, and transmitting ultrasonic energy with minimal
interference.

2. The system of claim 1, further comprising
a receiver to receive image data from the ultrasound scanning device.

3. The system of claim 2, further comprising
a recorder in communication with the receiver to store the image data.

4. The system of claim 2. further comprising
a conversion device in communication with the receiver that converts the image data into a formal compatible

with the viewer.

5. The system of claim 1, further comprising
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a pad to cover the nipple of the breast tissue, the pad being ultrasonically conductive and having different
ultrasonic characteristics than breast tissue, said pad placed beneath the fabric covering and held in place by the
fabric covering.

6. The system of claim 1, further comprising
a carrier driven to move progressively over the cellular tissue, the probe being mounted to the carrier to

generate a series of cross-sectional images of the cellular tissue that are substantially parallel to adjacent images
in the series.

7. The system of claim 6, further comprising
a controller in communication with the probe to sequentially activate the probe during progressive movement

of the probe over the cellular tissue.

8. The system of claim 6, further comprising a computer that controls the progressive movement of the probe and is
matched to the frame capture rate of the ultrasound scanner.

9. The system of claim 6, further comprising
a platform to steady the patient,
a carrier arm mounted for translational movement relative to the platform,
wherein the carrier is connected with the carrier arm, and the probe is connected with the carrier, the probe

being pivotally mounted relative to the carrier arm about at least one axis.

10. The system of claim 9, further comprising
at least one motor controlled by at least one microprocessor to drive the probe and the carrier over the cellular
tissue.

11. The system of claim 9, further comprising
at least one motor controlled by at least one microprocessor to adjust the angular position of the probe.

12. The system of claim 11, further comprising an additional system for dynamically adjusting the angular position of
the probe, including

one or more displacement sensors proximate to the probe;
wherein the displacement sensor(s) produces signals that are sent to the at least one microprocessor, which

in turn produce signals that are sent to the at least one motor to adjust the angular position of the probe.

13. The system of claim 10, wherein the at least one microprocessor determines the velocity of the probe face over
the skin based on the motor speed and the probe's angular position, and sends signals to the at least one motor
to maintain a uniform velocity.

14. The system of claim 13, wherein the at least one microprocessor calculates the proper velocity using the following
formula

Where:

HV = Horizontal Velocity (of the cacrier arm necessary to produce DV at the present roll angle)
DV= Default Velocity (desired velocity of the probe face over the skin)
FL = Fulcrum Length (distance between the roll plane pivot and the center of the probe face)
TI = Time Interval (time in seconds between angle measurements)
ORA = Old Roll Angle (Angle of probe along x-axis in last time increment)
NRA = Now Roll Angle (Angle of probe along x-axis at present)

15. The system of claim 10, wherein the at least one microprocessor determines the lateral position of the face of the
probe during the scanning process and sends signals to the at least one motor to make position corrections.

16. The system of claims 15, wherein the at least one microprocessor calculates the lateral position corrections using

HV = ( DV * cos(NRA) + (FL/TI * ( sin(ORA) - sin(NRA) ))
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the following formula

Where:

YCD= y-axis Correction Distance (of the probe to correct for the offset from the change in y-axis angle from
the previous time increment).
PFW = Probe Face Width (width of the probe face)
OPA = Old Pitoh Angle (Angle of probe along y-axis in last time increment)
NPA= New Pitch Angle (Angle of probe along y-axis at present)

17. A system to aid in ultrasound scanning of breast tissue, comprising
a fabric covering for the breast tissue, adapted to hold the breast tissue in place during scanning; and

an ultrasonic coupling agent applied to the covering;
wherein the covering is capable of absorbing the coupling agent and conducting ultrasonic energy with min-

imal interference,
the system further comprising a pad to cover the nipple of the breast tissue, the pad being ultrasonically conductive
and having different ultrasonic characteristic than broast tissue, said pad placed beneath the fabric covering and
held in place by the fabric covering.

18. An aid for ultrasound breast scanning, comprising a pad placed over the nipple, said pad being ultrasonically
conductive and having different ultrasonic characteristics than breast tissue, wherein the pad is disk-shaped, with
its greatest thickness in the center of the disk, and tapered to an edge about the full periphery of the pad.

Patentansprüche

1. System zum Abtasten von Brustgewebe, aufweisend:

eine Ultraschall-Scanvorrichtung mit einer Ultraschall-Sonde, von welcher Bilddaten erzeugbar sind, die Bilder
von Zellgewebe repräsentieren;
einen oder mehrere mit der Sonde gekoppelte Sensoren, um den Ort der Sonde zu ermitteln;
einen Bildanzeiger, um die Bilddaten als Bilder anzuzeigen, wobei der Bildanzeiger eine schnelle sequentielle
Anzeige der Scanbilder bereitstellt;
ein Polster, um die Brustwarze des Patienten abzudecken, wobei das Polster Ultraschall leitfähig ist und von
Brustgewebe verschiedene Ultraschall-Merkmale aufweist; und
eine Stoffabdeckung für das Brustgewebe, welche geeignet ist, um das Brustgewebe während des Scannens
in Stellung zu halten, wobei der Stoff in der Lage ist, einen Ultraschall-Kopplungs-Wirkstoff zu absorbieren
und die Ultraschall-Energie mit minimaler Interferenz zu übertragen.

2. System gemäß Anspruch 1, ferner aufweisend:

einen Empfänger, um Bilddaten von der Ultraschall-Scanvorrichtung zu empfangen.

3. System gemäß Anspruch 2, ferner aufweisend:

einen Aufnehmer, welcher in Kommunikation mit dem Empfänger steht, um die Bilddaten zu speichern.

4. System gemäß Anspruch 2, ferner aufweisend:

eine Umwandlungsvorrichtung, welche in Kommunikation mit dem Empfänger steht, welche die Bilddaten in
ein mit dem Bildanzeiger kompatibles Format umwandelt.

5. System gemäß Anspruch 1, ferner aufweisend:

ein Polster, um die Brustwarze des Brustgewebes abzudecken, wobei das Polster Ultraschall leitfähig ist und

YCD = (PFW * (sin(OPA) - sinNPA))) - υ PFW * (cos(OPA) - cos(NPA))
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von Brustgewebe verschiedene Ultraschall-Merkmale aufweist, wobei das Polster unter der Stoffabdeckung
ist und mittels der Stoffabdeckung in Stellung gehalten wird.

6. System gemäß Anspruch 1, ferner aufweisend:

einen Träger, welcher angetrieben wird, um progressiv über das Zellgewebe bewegt zu werden, wobei die
Sonde am Träger befestigt ist, um eine Serie von Querschnittsbildern des Zellgewebes zu erzeugen, welche
im Wesentlichen parallel zu benachbarten Bildern innerhalb der Serie sind.

7. System gemäß Anspruch 6, ferner aufweisend:

eine Steuervorrichtung, welche in Kommunikation mit der Sonde steht, um die Sonde, während der progres-
siven Bewegung der Sonde über das Zellgewebe, sequentiell zu aktivieren.

8. System gemäß Anspruch 6, welches ferner einen Computer aufweist, welcher die progressive Bewegung der
Sonde steuert und welcher der Bild-Einfangrate des Ultraschall-Scanners angepasst ist.

9. System gemäß Anspruch 6, ferner aufweisend:

eine Plattform, um den Patienten zu fixieren;
einen für translatorische Bewegung relativ zu der Plattform befestigten Trägerarm, wobei der Träger mit dem
Trägerarm verbunden ist und die Sonde mit dem Träger verbunden ist, wobei die Sonde relativ zu dem Trä-
gerarm um mindestens eine Achse drehbar angebracht ist.

10. System gemäß Anspruch 9, ferner aufweisend:

mindestens einen mittels mindestens eines Mikroprozessors gesteuerten Motor, um die Sonde und den Träger
über das Zellgewebe zu bewegen.

11. System gemäß Anspruch 9, ferner aufweisend:

mindestens einen mittels mindestens eines Mikroprozessors gesteuerten Motor, um die Drehposition der Son-
de einzustellen.

12. System gemäß Anspruch 11, welches ferner ein zusätzliches System zum dynamischen Einstellen der Drehposi-
tion der Sonde aufweist, aufweisend:

einen oder mehrere Verschiebungssensoren, welche der Sonde benachbart sind;

wobei der/die Verschiebungssensor(en) Signale erzeugt/erzeugen, welche an den mindestens einen Mikro-
prozessor übertragen werden, welcher wiederum Signale erzeugt, die an den mindestens einen Motor übertragen
werden, um die Drehposition der Sonde einzustellen.

13. System gemäß Anspruch 10, bei welchem der mindestens eine Mikroprozessor die Geschwindigkeit der Sonden-
fläche über der Haut basierend auf der Motordrehzahl und der Drehposition der Sonde ermittelt und Signale an
den mindestens einen Motor überträgt, um eine einheitliche Geschwindigkeit aufrechtzuerhalten.

14. System gemäß Anspruch 13, bei welchem der mindestens eine Mikroprozessor die geeignete Geschwindigkeit
unter Verwendung der folgenden Formel berechnet:

wobei:

HV = Horizontale Geschwindigkeit (des Trägerarms, welche notwendig ist, um DV bei dem gegenwärtigen
Rollwinkel zu erzeugen)
DV = Vorgabegeschwindigkeit (erwünschte Geschwindigkeit der Sondenfläche über der Haut)

HV = ( DV · cos(NRA) + (FL/TI · ( sin(ORA) - sin(NRA) ) ,
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FL = Drehachsenlänge (Abstand zwischen dem Rollebenen-Drehpunkt und dem Mittelpunkt der Sondenflä-
che)
TI = Zeitintervall (Zeit in Sekunden zwischen Winkelmessungen)
ORA = Alter Rollwinkel (Winkel der Sonde entlang der x-Achse bei der letzten Zeitzunahme)
NRA = Neuer Rollwinkel (Winkel der Sonde entlang der x-Achse zum gegenwärtigen Zeitpunkt).

15. System gemäß Anspruch 10, bei welchem der mindestens eine Mikroprozessor die seitliche Position der Fläche
der Sonde während des Scanprozesses ermittelt und Signale an den mindestens einen Motor überträgt, um Po-
sitionskorrekturen zu machen.

16. System gemäß Anspruch 15, bei welchem der mindestens eine Mikroprozessor die seitlichen Positionskorrekturen
unter Verwendung der folgenden Formel berechnet:

wobei:

YCD = y-Achse Korrekturabstand (der Sonde, um die Versetzung aus der Änderung des y-Achse-Winkels bei
der vorangegangenen Zeitzunahme zu korrigieren)
PFW = Sondenflächen-Breite (Breite der Sondenfläche)
OPA = Alter Drehwinkel (Winkel der Sonde entlang der y-Achse bei der letzten Zeitzunahme)
NPA = Neuer Drehwinkel (Winkel der Sonde entlang der y-Achse zum gegenwärtigen Zeitpunkt).

17. System zum Unterstützen von Ultraschall-Scannen von Brustgewebe, aufweisend:

eine Stoffabdeckung für das Brustgewebe, welches angepasst ist, um das Brustgewebe während des Scan-
nens in Stellung zu halten; und
ein auf die Abdeckung angewendeter Ultraschall-Kopplungs-Wirkstoff;

wobei die Abdeckung in der Lage ist, den Kopplungs-Wirkstoff zu absorbieren und Ultraschall-Energie mit
minimaler Interferenz zu leiten;
wobei das System ferner ein Polster zum Abdecken der Brustwarze des Brustgewebes aufweist, wobei das Polster
Ultraschall leitfähig ist und von Brustgewebe verschiedene Ultraschall-Merkmale aufweist, wobei das Polster unter
der Stoffabdeckung platziert ist und mittels der Stoffabdeckung in Stellung gehalten wird.

18. Hilfsmittel für Ultraschall-Brustscannen, welches ein über der Brustwarze platziertes Polster aufweist, wobei das
Polster Ultraschall leitfähig ist und von Brustgewebe verschiedene Ultraschall-Merkmale aufweist, wobei das Pol-
ster scheibenförmig ist mit seiner größten Dicke in der Mitte der Scheibe und um die Gesamtperipherie des Polsters
zum Rand hin verjüngt ist.

Revendications

1. Système de dépistage de tissu mammaire comprenant
un dispositif de scannérisation à ultrasons comprenant une sonde à ultrasons qui est capable de générer

des données d'image représentant des images de tissus cellulaires ;
un ou plusieurs capteurs couplés à la sonde pour déterminer l'emplacement de la sonde ;
un dispositif d'affichage pour afficher les données d'image sous forme d'images, le dispositif d'affichage

fournissant un affichage séquentiel rapide d'images de scan ;
une compresse pour couvrir le mamelon de la patiente, ladite compresse conduisant les ultrasons et pré-

sentant des caractéristiques ultrasoniques différentes de celles du tissu mammaire ; et
un revêtement en toile pour le tissu mammaire, adapté pour maintenir le tissu mammaire en place pendant,

dans laquelle la toile est capable d'absorber un agent de couplage ultrasonique et de transmettre l'énergie ultra-
sonique avec une interférence minimale.

2. Système selon la revendication 1, comprenant en outre un récepteur destiné à recevoir des données d'image
provenant du dispositif de scannérisation à ultrasons.

YCD = (PFW · (sin(OPA) - sin(NPA))) - 1/2PFW · (cos(OPA) - cos(NPA)),
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3. Système selon la revendication 2, comprenant en outre un enregistreur en communication avec le récepteur des-
tiné à stocker les données d'image.

4. Système selon la revendication 2, comprenant en outre un dispositif de conversion en communication avec le
récepteur qui convertit les données d'image dans un format compatible avec le dispositif d'affichage.

5. Système selon la revendication 1, comprenant en outre une compresse destinée à couvrir le mamelon du tissu
mammaire, la compresse conduisant les ultrasons et présentant des caractéristiques ultrasoniques différentes de
celles du tissu mammaire, ladite compresse étant placée au-dessous du revêtement en toile et maintenue en place
par le revêtement en toile.

6. Système selon la revendication 1, comprenant en outre un' support entraîné pour se déplacer progressivement
sur le tissu cellulaire, la sonde étant fixée au support pour générer une série d'images en coupe transversale du
tissu cellulaire qui sont sensiblement parallèles à des images adjacentes dans la série.

7. Système selon la revendication 6, comprenant en outre un dispositif de commande en communication avec la
sonde pour activer de manière séquentielle la sonde pendant le mouvement progressif de la sonde sur le tissu
cellulaire.

8. Système selon la revendication 6, comprenant en outre un ordinateur qui commande le mouvement progressif de
la sonde et est mis en correspondance avec la vitesse de capture de trame du scanner à ultrasons.

9. Système selon la revendication 6, comprenant en outre :

une plate-forme destiné à stabiliser le patient ;
un bras de support fixé pour un mouvement de translation par rapport à la plate-forme :

dans lequel le support est raccordé avec le bras de support et la sonde est raccordée au support, la sonde
étant fixée en pivotement par rapport au bras de support autour d'au moins un axe.

10. Système selon la revendication 9, comprenant en outre au moins un moteur commandé par au moins un micro-
processeur pour entraîner la sonde et le support sur le tissu cellulaire.

11. Système selon la revendication 9, comprenant en outre au moins un moteur commandé par au moins un micro-
processeur pour ajuster la position angulaire de la sonde.

12. Système selon la revendication 11, comprenant en outre un système supplémentaire destiné à ajuster de manière
dynamique la position angulaire de la sonde, comprenant

un ou plusieurs capteurs de déplacement proches de la sonde ;
dans lequel le ou les capteurs de déplacement produisent des signaux qui sont envoyés à l'au moins un

microprocesseur, qui à son tour produit des signaux qui sont envoyés à l'au moins un moteur pour ajuster la position
angulaire de la sonde.

13. Système selon la revendication 10, dans lequel le au moins un microprocesseur détermine la vitesse de la face
de la sonde sur la peau en fonction de la vitesse du moteur et de la position angulaire de la sonde, et envoie des
signaux à l'au moins un moteur pour maintenir une vitesse uniforme.

14. Système selon la revendication 13, dans lequel le au moins un microprocesseur calcule la vitesse appropriée à
l'aide de la formule suivante :

où
HV = vitesse horizontale (du bras de support nécessaire pour produire DV à l'angle de roulis actuel)
DV = vitesse par défaut (vitesse souhaitée de la face de sonde sur la peau)
FL = longueur d'appui (distance entre le pivot du plan de roulis et le centre de la face de sonde)
TI = intervalle de temps (temps en secondes entre les mesures d'angles)

HV = (DV * cos(NRA) + (FL/TI * ( sin (ORA) - sin (NRA) ))
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ORA = ancien angle de roulis (angle de sonde le long de l'axe x en incrément de temps passé)
NRA = nouvel angle de roulis (angle de sonde le long de l'axe x à présent)

15. Système selon la revendication 10, dans lequel le au moins un microprocesseur détermine la position latérale de
la face de la sonde pendant le procédé de scannérisation et envoie des signaux à l'au moins un moteur pour
réaliser des corrections de position.

16. Système selon la revendication 15, dans lequel le au moins un microprocesseur calcule les corrections de position
latérale à l'aide de la formule suivante

où :
YCD = distance de correction de l'axe y (de la sonde pour corriger le décalage provenant du changement

de l'angle de l'axe y depuis l'incrément de temps précédent)
PFW = largeur de la face de sonde (largeur de la face de sonde)
OPA = ancien angle de pas (angle de sonde le long de l'axe y dans l'incrément de temps passé)
NPA = nouvel angle de pas (angle de sonde le long de l'axe y à présent)

17. Système d'aide dans la scannérisation ultrasonique du tissu mammaire comprenant :

un revêtement en toile pour le tissu mammaire, adapté pour maintenir le tissu mammaire en place pendant
la scannérisation ; et
un agent de couplage ultrasonique appliqué sur le revêtement ;

dans lequel le revêtement est capable d'absorber l'agent de couplage et de conduire l'énergie ultrasonique
avec une interférence minimale,

le système comprenant en outre une compresse pour couvrir le mamelon du tissu mammaire, la compresse
conduisant les ultrasons et présentant des caractéristiques ultrasoniques différentes de celles du tissu mammaire,
ladite compresse étant placée au-dessous du revêtement en toile et maintenue en place par le revêtement en toile.

18. Aide pour la scannérisation mammaire ultrasonique, comprenant une compresse placée sur le mamelon, ladite
compresse conduisant les ultrasons et présentant des caractéristiques ultrasoniques différentes de celles du tissu
mammaire, dans lequel la compresse est en forme de disque, avec son épaisseur la plus grande au centre du
disque, et rétrécie vers un bord sur la périphérie entière de la compresse.

YCD = (PFW * (sin(OPA) - sin(NPA))) - 1/2 PFW * (cos(OPA) - cos(NPA))
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