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SYSTEM AND METHOD OF ULTRASONIC
MAMMOGRAPHY

RELATED APPLICATION

[0001] This application claims priority of U.S. Provisional
Patent Application 60/205,709 filed May 19, 2000, and is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to ultra-
sonic medical monitoring and, more specifically, to a system
and method of ultrasonic mammography for detecting a
physiological condition of a patient’s breast.

[0004] 2. Description of the Related Art

[0005] Medical monitoring involves the measurement of a
physiological condition of a patient. An example of a
medical monitor is disclosed in U.S. application Ser. Nos.
09/669,125 (filed Sep. 25, 2000) and (filed Mar. 29,
2001, entitled “Monitoring System™), the disclosures of
which are incorporated herein by reference. Conventional
breast imaging is typically accomplished using a mammog-
raphy ultrasound device within a medical setting, such as a
hospital or clinic. The American Medical Association has set
forth guidelines recommending how frequently a woman
should undergo a mammography, since early detection of a
medical condition, such as breast cancer, greatly affects the
success of treatment for the condition. However, access to
the hospital or clinic may affect the frequency in which the
patient undergoes a mammography.

[0006] While the mammography devices currently used
work well, some women may procrastinate in receiving a
mammography, since the current method for obtaining an
ultrasonic image of a breast typically often involves some
discomfort to the patient, e.g. through pressing the breast as
flat as possible. Thus, there is a need in the art for a system
and method of breast imaging using ultrasonic measure-
ments, which does not cause such discomfort. Further, the
measurements may be carried out at the home of the user,
and the information transmitted to a medical health provider
over a communications network for analysis and evaluation
purposes.

SUMMARY OF THE INVENTION

[0007] One advantage of the present invention is that a
system and method of ultrasonic mammography is provided
for remote imaging of a breast of a patient. Another advan-
tage of the present invention is that a system and method is
provided that obtains an ultrasonic image of the patient’s
breast, stores the data, and transmits the data to a healthcare
provider via an Internet. Still another advantage of the
present invention is that a system and method is provided
that includes an ultrasonic transducer disposed within a
brassiere device to obtain the ultrasonic image of the
patient’s breast. Yet still another advantage of the present
invention is that a system and method is provided that
includes a personal digital assistant that stores the measured
data and transmits the data via the Internet to the healthcare
provider. A further advantage of the present invention is that
a system and method is provided wherein the healthcare
provider can evaluate the image of the breast in real-time
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irrespective of the physical location of the patient and the
healthcare provider. Yet a further advantage of the present
invention is that a system and method is provided that is
cost-effective in obtaining an image of the patient’s breast.

[0008] Accordingly, the present invention is a system and
method for ultrasonic mammography. The system for ultra-
sonic mammography includes an ultrasonic mammography
device for constructing an ultrasonic image of a breast
having a support structure with an ultrasonic transducer
mounted on the support structure. The system also includes
a personal digital assistant operatively connected to the
ultrasonic transducer via a communication link, a patient
computer system operatively connected to the personal
digital assistant via a second communication link, and a
healthcare provider computer system operatively connected
to the patient computer system via an internet, for construct-
ing the image of the breast. The method includes the steps
of positioning the ultrasonic mammography device having
an ultrasonic transducer on the patient and activating the
ultrasonic transducer to generate a signal for constructing an
image of the breast. The method also includes the steps of
transmitting the signal from the ultrasonic transducer to the
personal digital assistant, and transmitting the signal via an
internet to a healthcare provider computer. The method
further includes the steps of using the signal to construct an
image of the patient’s breast.

[0009] Other features and advantages of the present inven-
tion will be readily appreciated, as the same becomes better
understood after reading the subsequent description taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic diagram of a system for
ultrasonic mammography, according to the present inven-
tion.

[0011] FIG. 2 is an elevational front view of an ultrasonic
mammography device for the system of FIG. 1, according
to the present invention.

[0012] FIG. 3 is a flowchart of a method for ultrasonic
mammography, according to the present invention, utilizing
the system of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0013] Referring to FIG. 1 a system for ultrasonic mam-
mography is illustrated. The system 10 includes an ultra-
sonic mammography device 12 having a brassiere shape.
The device 12 is intended to be worn by a patient (not
shown) to obtain an ultrasonic image of the patient’s breast.
The ultrasonic mammography device 12 includes a support
structure 13 having a frame portion 13a and a cup portion
13b attached to the frame portion 13a. It should be appre-
ciated that the frame portion 13a and cup portion 13b are
integral and formed as one piece. Preferably, the size of the
frame portion 13a and cup portion 13b is adjustable, to
accommodate a variety of patient sizes. It should be appre-
ciated that a uniform medium, such as water, other liquids,
a gel, etc. may be used to take up volume in the cups 135 not
filled by the patient’s breasts.

[0014] The ultrasonic mammography device 12 also
includes a predetermined number of ultrasonic transducers
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14 arranged in a predetermined manner on the support
structure, to construct the image of the breast. Each ultra-
sonic transducer 14 has a processor, a transmitter, and a
receiver. The ultrasonic transducer 14 generates a signal,
encapsulates the measurement data therein, and transmits
the signal via a telecommunication link 16 to a personal
digital assistant 18 in a manner to be described.

[0015] Ultrasonic transducers 14 of various types are
suitable for this invention, e.g. devices containing piezo-
electric crystals, conducting (e.g. metal) plates, microma-
chined semiconductors, etc. In the preferred embodiment,
the transducers 14 are capable of both transmitting and
detecting or receiving ultrasound. The active elements of the
ultrasonic transducer 14 may be in direct contact with the
patient’s breast, or an intermediate layer (not shown), such
as a gel or film. The gel is a conventional ultrasound
coupling gel, or other such material, that prevents the
formation of air voids when the ultrasonic transducer 14 is
fitted to the patient, in order to reduce ultrasonic reflection
from the skin surface of the patient. It should be appreciated
that the gel can be applied either to the ultrasonic transducer
14 and/or skin of the patient, prior to placement of the
ultrasonic mammography device 14 on the patient.

[0016] Activation of the ultrasonic transducer 14 gener-
ates an ultrasonic signal targeted at a predetermined fixed
point, such as the breastbone of the patient. The ultrasonic
signal bounces from the predetermined fixed point to the
ultrasonic transducer 14, wherein the ultrasonic transducer
14 receives the ultrasonic signal. The processor portion of
the ultrasonic transducer 14 calculates the distance of the
ultrasonic path measured between the predetermined fixed
point and the ultrasonic transducer 14.

[0017] Preferably, the ultrasonic transducer 14 is a micro-
scopic transducer formed on a silicon wafer using an etching
technique. A plurality of microscopic transducers may be
arranged in a phased array. Ultrasonic sensors arrays such as
those described in U.S. Pat. Nos. 5,894,452; 5,619,476; and
5,870,351, which are incorporated by reference, can be
fabricated on silicon wafers using micromachining technol-
ogy. It is known that such micromachined sensors may
operate as either ultrasonic transmitters or detectors. An
example of this type of a silicon-based ultrasonic transducer
is manufactured by Sensant.

[0018] Data from each sensor array is collected and used
to enhance the real-time image constructed from measure-
ments made by the ultrasonic transducer 14. In another mode
of operation, at least one sensor array is used as an ultra-
sound source while the other devices are used as imaging
detectors. The roles of ultrasound source and imaging detec-
tors are interchanged in various permutations, and a com-
posite ultrasound image is generated by a computer. Alter-
natively, the ultrasonic transducer 14 includes two sensors
attached at predetermined points surrounding the breast of
the patient, and the path therebetween the sensors is mea-
sured.

[0019] Preferably, the predetermined number of ultrasonic
transducers 14 are arranged in a predetermined manner
around the front of the patient’s body, and in particular the
breast portion, but they may also be located around the side
and back of the patient’s body. For example, with four
transducers 14, one transducer 14 operates as a detector, to
detect a signal, such as ultrasound radiation transmitted from
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the second, third and fourth transducers. Likewise, when the
second transducer 14 is operating as a detector, it receives
the signal representing ultrasound radiation transmitted from
the first, third or fourth transducers 14. It should be appre-
ciated that for four transducers 14, there are 12 potential
measurements, with different permutations of detector and
receiver locations.

[0020] Forexample, a predetermined number of ultrasonic
transducers 14 represented by N, requires N(N-1) such
measurements. Assuming that ultrasound radiation detected
by the first transducer 14 after transmission by the second
transducer 14 carries the same information as that detected
by the second transducer 14 after transmission by first
transducer 14, the number of measurements may be reduced
to (N/2)(N-1) without loss of information. However, this
reduction may be at the expense of greater imaging errors.
Preferably, the plurality of transducers 14 are arranged
around the ultrasonic mammography device 12 in sufficient
number in a manner to be described, to construct an ultra-
sonic image of the breast computationally from the mea-
sured data.

[0021] Hence, having a plurality of ultrasonic transducers
14 arranged around the ultrasonic mammography device 12
allows a large number of independent measurements to be
made for use in constructing an image of the breast. For
example, the measurements can be used to construct a
three-dimensional ultrasonic image of the breast. The ultra-
sonic image of the breast allows for the visualization of
tissue composing the breast and detection of conditions of
the breast, such as a tumor. It should be appreciated that a
two-dimensional image may also be constructed from the
data. Another approach provides for the creation a database
of detected intensity measurements for various receiver-
transmitter pairs. Any significant changes in the database
over time may indicate a condition such as formation of a
tumor.

[0022] Preferably, the ultrasonic mammography device 12
is a rigid structure, that is fitted to the patient. The ultrasonic
mammography device 12 can be allowed temporary flex-
ibility during fitting to the patient. The relative positions of
each of the ultrasonic transducers 14 on the support structure
is determinable by measuring signal strengths for all trans-
mitter-receiver permutations for the ultrasonic mammogra-
phy device 12 in air, or in a uniform medium of known
ultrasonic properties. If the overall transmission-receiver
sensitivity is known for a particular receiver-transmitter pair,
the signal strength is related to transmitter-receiver separa-
tion. If all transmitter-receiver distances are measured in this
way, the relative spatial locations of the ultrasonic transduc-
ers 14 on the ultrasonic mammography device 12 is deter-
minable. Transmitter-detector sensitivity is calibrated by
independent measurements, e.g. forming the cup portion of
the ultrasound mammography device 12 to a known shape.

[0023] In another embodiment, the ultrasound mammog-
raphy device 12 is flexible, and is fitted to the breast of the
patient before ultrasound measurements are taken of the
breast. In this case, the relative positions of each of the
ultrasonic transducers 14 may not be known accurately
before ultrasound imaging begins, and imaging with abso-
lute spatial accuracy may not be possible. However, a
condition such as a tumor may be detected by identifying
any localized regions of differing ultrasound absorption, for
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example by comparing the receiver outputs of closely
spaced ultrasonic transducers 14. Computer modeling of the
ultrasonic data provides a reasonable approximation of
breast shape to create the ultrasonic images. For example,
breast size or shape measurements can be determined by the
patient at the time of ultrasonic imaging.

[0024] In operation, using N transducers 14, with one
transducer 14 as a receiver, signals from the other N-1
receivers are detected. Alternatively, for a single transducer
14 used as a receiver, the signals are detected sequentially,
allowing detected intensities for all transmitter-receiver pair
combinations to be measured separately. In another
example, signals from a plurality of transducers 14 may be
detected simultaneously. In this case, the signals from dif-
ferent transducers 14 may be differentiated by different
emission frequencies or different time-dependent modula-
tions. Signal processing is used to differentiate the detected
signals, and make relative intensity measurements for each
of them. Data representing the ultrasound measurements is
stored and processed in a manner to be described.

[0025] The system 10 includes a personal digital assistant
(PDA) 18 having a memory, a processor, a display screen
18a and an input mechanism 186 that operatively receives
the output signal generated by the ultrasonic transducer 14,
processes the signal, and transmits the signal in a manner to
be described. The PDA 18 includes all portable computing
devices, such as a notebook computer, a hand-held com-
puter, a palm-held organizer, a web-enabled cellular phone,
or the like that provides computing and information storage
and retrieval. In this example, the PDA 18 is a hand-held
device, such as the Palm or Handspring Visor. It should be
appreciated that in an alternative embodiment, a personal
computer 24 (to be described) is used to receive, process and
transmit the signal from the ultrasonic transducer 14, as
shown at 50.

[0026] The system 10 also includes a telecommunication
link 16 for communicating between the ultrasonic transducer
14 and the PDA 18. The telecommunication link 16 can be
a wire operatively connecting the PDA and ultrasonic trans-
ducer. Alternatively, the telecommunication link is a wire-
less link. One example of a wireless link is a universal
shortwave wireless connectivity protocol referred to as
Bluetooth, as is known in the art. Another example of a
wireless link is a memory module, also known as a memory
stick. It should be appreciated that each ultrasonic transducer
14 transmits continuously at predetermined intervals based
on a time unit contained therein, or at such a time as
remotely triggered by a signal transmitted from the PDA 18.

[0027] The system 10 includes a patient computer system
26 operatively connected to the PDA 18, for receiving
information from the PDA 18 and transmitting the informa-
tion via a communication link 28 over the internet 30, to a
healthcare provider computer system 32. The patient and
healthcare provider computer systems 26, 32 are connected
to an internet infrastructure 30, such as the Internet, via a
telecommunication link 34, such as wires (e.g. a telephone
line or a cable line) or a wireless connection. It should be
appreciated that the patient computer system 26 and health-
care provider computer system 32 are conventional and
known in the art. The patient computer system 26 includes
a processor and memory 26a, display terminal 265, and
input device 26c.
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[0028] 1In an alternative embodiment shown at 52, the
PDA 18 is a wireless PDA capable of directly accessing the
internet 30 using wireless technology, as is known in the art.
It should be appreciated that the healthcare provider may
access the patient information on the healthcare provider
computer system 32. Alternatively, the healthcare provider
can access the information via a PDA 36, as shown at 54.

[0029] As is known in the art, the Internet 30 includes
providers, such as Internet Access Providers (IAPs), Internet
Service Providers (ISPs) and Network Service Providers
(NSPs) (not shown) and routers (not shown) that provide
wired and wireless digital telecommunications throughout
the world using a TCP/IP networking protocol. It should be
appreciated that the computers 26, 32 or PDAs 18, 36 may
access the Internet directly, or they may be operatively
connected to a Local Area Network (LAN) (not shown) over
which information is transmitted to other computers on the
same LAN or to computers on other LANS through a
localized Intranet.

[0030] The Internet 30 includes a plurality of web site
servers (not shown) that interactively transfer information to
a user through the user’s computer. The web site server is a
computer system operatively connected to a provider in a
conventional manner. The web site provides for interactive
communication between the host of the web site and a visitor
to the web site. The communication is facilitated by a series
of screens, referred to as pages, displayed on the display
screen, with the first page referred to as a home page. When
the user visits a particular web site, the user is served a page
displayed on the video monitor referred to as a home page.
The user may interact with the page via the input device,
such as by making a selection or a request.

[0031] In the preferred embodiment, the ultrasound data
from the ultrasound mammography device 12 is transferred
to a personal digital assistant (PDA) or portable computer in
the possession of the patient. Data transfer can use a
wireless, IR, optical, other electromagnetic radiation, or
electrical link. It should be appreciated that images may be
computed by the PDA 18, or alternatively by the healthcare
provider computer system 32. Data, and/or images are
transmitted, preferably using a computer network such as
the Internet, to a computer accessible by a physician or other
healthcare professional. The physician can study the data or
images, and make a diagnosis. A computer expert system
resident with the healthcare provider computer system 32
can also be used to determine if there is a medical condition
associated with the data or images.

[0032] Referring to FIG. 3, a method for ultrasonic mam-
mography is provided. The method begins in bubble 100 and
continues to block 105, with positioning the ultrasound
mammography device 12 on the patient, so that the trans-
ducers 14 surround the breast, as previously described. The
ultrasonic transducer 14 is activated, to generate an ultra-
sound radiation signal used in constructing a real-time
three-dimensional image of the breast, as previously
described. The methodology advances to block 110.

[0033] 1In block 110, the data in the form of a signal from
the ultrasonic transducer 14 is transmitted to the PDA 18 for
processing. The PDA 18 receives the data from the ultra-
sonic transducer 14 and generates a set of values and
interpretive information from the data. The data is stored on
the PDA 18. For example, the PDA 18 receives the data as
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a set of ultrasonic path measurements sampled during a
predetermined time interval and a set of predetermined
timestamps, wherein each measurement has a corresponding
timestamp. The PDA 18 includes software which algorith-
mically evaluates the measurement values to construct the
image of the breast.

[0034] Preferably, the processed data is displayed on the
display screen 18a of the PDA 18 as an image as shown at
60. Advantageously, the processed data can be compared to
a predetermined criterion, such as image quality, and a
message is displayed on the display screen 18a. For
example, the message may prompt the user to contact the
healthcare provider, as shown at 62. The user of the PDA 18
reviews the screens, redisplays selected screens, or inputs
data into displayed fields by utilizing the operator control
devices of the PDA 18; ¢.g., a stylus. As one skilled in the
art will recognize, the capabilities of the PDA 18 include the
functionality to process and display the information as
dictated by the objectives of the healthcare provider.

[0035] In an alternative embodiment, the PDA 18 trans-
mits the data via the Internet 30 to the healthcare provider
for processing. The data is processed and analyzed in the
healthcare provider’s computer system 32, to construct the
image of the patient’s breast.

[0036] The methodology advances to block 115, and the
processed data is transmitted by the PDA 18 to the health-
care provider via the Internet 30, as previously described.
The methodology advances to block 120.

[0037] Inblock 120, the data is received by the healthcare
provider and made available to the healthcare provider for
further analysis and study. For example, the data is stored on
a database on the healthcare provider’s computer system 32.
The information is retrieved and displayed in the form of
web pages. The server stores and displays the information
via web pages, cither by itself or in combination with
previously stored information pertinent to a particular
patient profile. Further, the server utilizes various software
components to process and present the information accord-
ing to predetermined care objectives. It should be appreci-
ated that the server can process data from a plurality of
patients.

[0038] The healthcare provider retrieves the information
via a variety of means. Typically, the server displays the
information on the web pages; however, the healthcare
provider may download the information from the server to
a computing device of his/her choice; e.g., a PDA 36 or
another personal computer (not shown).

[0039] Tt should be appreciated that the healthcare pro-
vider can communicate with the patient on the PDA 18. For
example, the healthcare provider, after reviewing the
patient’s information, uploads a text message from their
computer to a common interface, such as the web site. The
server of the web site transmits the information via the
Internet 30 to the PDA 18, which activates an alarm to notify
the patient of an incoming message, and displays the same
on the display unit portion of the PDA 18 as shown at 62.

[0040] The present invention has been described in an
illustrative manner. It is to be understood that the terminol-
ogy, which has been used, is intended to be in the nature of
words of description rather than of limitation.
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[0041] Many modifications and variations of the present
invention are possible in light of the above teachings.
Therefore, within the scope of the appended claims, the
present invention may be practiced other than as specifically
described.

What is claimed is:

1. An ultrasonic mammography device for constructing an
image of a breast comprising;

(a) a support structure;

(b) at least one ultrasonic transmitter mounted on the
support structure in a predetermined position; and

(c) at least one ultrasonic detector mounted on the support
structure in a predetermined position, wherein ultra-
sonic measurements from the ultrasonic transmitter and
ultrasonic detector are used in constructing the image
of the breast.

2. The ultrasonic mammography device of claim 1,
wherein the support structure includes a frame portion and
a cup portion.

3. The ultrasonic mammography device of claim 1,
wherein the ultrasonic transmitter and ultrasonic detector are
a silicon-based ultrasonic transducer.

4. A system for ultrasonic mammography comprising:

an ultrasonic mammography device for constructing an
ultrasonic image of a breast, wherein the ultrasonic
mammography device includes a support structure hav-
ing an ultrasonic transducer mounted on the support
structure in a predetermined position for constructing
an image of the breast;

a personal digital assistant operatively connected to said
ultrasonic transducer via a communication link;

a patient computer system operatively connected to said
personal digital assistant via a second communication
link, wherein said patient computer system includes a
memory, a processor, a display device and an input
device; and

a healthcare provider computer system operatively con-
nected to said patient computer system via an internet,
wherein said healthcare provider computer system
includes a memory, a processor, a display device and a
input device and activation of said ultrasonic transducer
generates a data signal that is transmitted to said
personal digital assistant via said communication link,
and transmission of said signal to said healthcare
provider computer system via said second communi-
cation link, for constructing the image of the breast.

5. Asystem as set forth in claim 4 wherein said ultrasonic
transducer is an ultrasonic transducer having a plurality of
microscopic transducers arranged in an array on a silicon
wafer.

6. A system as set forth in claim 4 wherein said PDA
includes a memory, a processor, a display screen and an
input mechanism.

7. A system as set forth in claim 4 wherein said commu-
nication link is a Bluetooth wireless communication link.

8. A system as set forth in claim 4 wherein an internet is
the Internet.
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9. A system as set forth in claim 4 wherein said healthcare
provider computer system is operatively connected to a
plurality of patient computer systems, for evaluating a
plurality of patients.

10. A system for ultrasonic mammography comprising:

an ultrasonic mammography device having a predeter-
mined number of ultrasonic transducers, with each
having a processor, a transmitter and a receiver in a
predetermined position, and each arranged wherein
said ultrasound mammography device is positioned
over the breast of the patient;

a personal digital assistant operatively connected to said
ultrasonic transducer via a communication link,
wherein said personal digital assistant includes a
memory, a processor, a display screen, an input mecha-
nism, and a wireless communication mechanism for
wireless communication via the internet;

a healthcare provider computer system in communication
with said personal digital assistant via the internet,
wherein said healthcare provider computer system
includes a memory, a processor, a display device and an
input device; and

activation of said ultrasonic transducer generates trans-
mission of a data signal to said personal digital assistant
via said communication link, and wireless transmission
of said signal between said personal digital assistant
and said healthcare provider computer system over the
internet for analysis by the healthcare provider.

11. A system as set forth in claim 10 wherein said
ultrasonic transducer is an ultrasonic transducer having a
plurality of microscopic transducers arranged in an array on
a silicon wafer.

12. A system as set forth in claim 10 wherein said
communication link is a Bluetooth wireless communication
link.

13. A system as set forth in claim 10 wherein an internet
is the Internet.

14. A system as set forth in claim 10 wherein said
healthcare provider computer system is operatively con-
nected to a plurality of patient computer systems for simul-
taneously evaluating a plurality of patients.

15. A system as set forth in claim 10 wherein said
ultrasonic transducer is an ultrasonic transducer having a
plurality of microscopic transducers arranged in an array on
a silicon wafer.

16. A method of ultrasonic mammography, said method
comprising the steps of:
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positioning an ultrasonic mammography device having an
ultrasonic transducer on the patient to obtain an image
of the patient’s breast;

activating the ultrasonic transducer to generate a signal,
wherein the ultrasonic transducer includes a processor,
a transmitter and a receiver;

transmitting the signal from the ultrasonic transducer to a
personal digital assistant, wherein the personal digital
assistant includes a memory, a processor, a display
screen and an input mechanism;

transmitting the signal from the personal digital assistant
via an internet to a healthcare provider computer,
wherein the healthcare provider computer includes a
memory, a processor, a display screen and an input
device; and

using the signal to construct an image of the patient’s

breast.

17. A method as set forth in claim 16 wherein said
ultrasonic transducer is an ultrasonic transducer having a
plurality of microscopic transducers arranged in an array on
a silicon wafer.

18. A method as set forth in claim 16 wherein said step of
transmitting the signal between the ultrasonic transducer and
the personal digital assistant includes transmitting the signal
via a Bluetooth wireless communication link.

19. A method as set forth in claim 16 wherein said step of
transmitting the signal from the personal digital assistant
includes the step of transmitting the signal via the Internet.

20. A method as set forth in claim 16 wherein said step of
transmitting the signal from the personal digital assistant
includes the step of transmitting the signal to a patient
computer system having a memory, a processor, a display
screen, and an input device.

21. Asystem as set forth in claim 16 including the step of
receiving, by said healthcare provider computer system, a
plurality of signals from a plurality of patients, for simul-
taneously evaluating a plurality of patients.

22. Asystem as sct forth in claim 16 wherein said step of
using the signal includes the step of using the personal
digital assistant to construct an image of the patient’s breast
from the signal.

23. A system as set forth in claim 16 wherein said step of
using the signal includes the step of using the healthcare
provider computer to construct an image of the patient’s
breast .
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