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METHOD AND APPARATUS FOR STORING
IMAGE INFORMATION IN AN
ULTRASOUND DEVICE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method and apparatus
for storing image information in an ultrasound device and,
more particularly, to a method and apparatus for storing
images in a standard format, such as JPEG (Joint Photo-
graphic Experts Group), for example, on a compact flash
storage device in an ultrasound device so that the images can
be easily archived, viewed, printed, etc., by the user.

BACKGROUND OF THE INVENTION

In the past, ultrasound systems have provided digital
image storage in several ways. For example, it is known to
provide digital image storage by networking images to a
personal computer (PC) or server, or by storing images to a
removable storage media, such as a magneto-optical disk.
Although these solutions do offer digital storage and gen-
erally preserve image quality, they generally are not cost-
effective or easy to use. Networks, servers and disk drives
are expensive and often require specialized personnel to
operate and administer. Additionally, the images are typi-
cally stored in a format specific to ultrasound technology,
such as DSR (Digital Storage and Retrieval) or DICOM
(Digital Imaging and Communications in Medicine), which
are specifically designed for the medical community.
Consequently, special software is required to view these
images off-line. The special software is typically expensive
and may require specialized personnel or training to operate.

Accordingly, a need exists for a method and apparatus for
digitally storing ultrasound images in a format that can be
easily archived, transferred to a PC, printed, viewed,
e-mailed, etc., and which does not require specialized train-
ing or specialized hardware and/or software to utilize.

SUMMARY OF THE INVENTION

In accordance with the present invention, a compact flash
technology is utilized in an ultrasound device for storing
digital images. The digital images preferably are stored in a
standard format, such as, for example, the JPEG format, so
that no specialized software is required to access and view
the images. Compact flash technology is readily available to
consumers and generally is relatively inexpensive. Also,
relatively low cost interfaces are available for PCs and some
printers to enable the digital images stored on a compact
flash disk to be easily downloaded to a PC or printer.
Additionally, standard PCs typically are equipped with soft-
ware that can read JPEG files. Therefore, personal users of
the ultrasound device can easily download images to their
PCs and access and view the images without the need for
special equipment, training, or personnel.

When stored in such a standard format, no additional
software is needed to view the images and thus the user can
use his or her PC to access and view the images at no
additional expense, provided the PC is equipped with hard-
ware and/or software associated with the format. Although
the images preferably are stored in the JPEG format on the
compact flash disk, the images may be stored in other
formats, such as, for example, BMP (bitmap), GIF (Graphics
Interchange Format) (including animated GIF), or TIFF
(Tagged Image File Format) formats, which is also a stan-
dard image format.
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These and other features and advantages of the present
invention will become apparent from the following
description, drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top perspective view of the ultrasound diag-
nostic device of the present invention in accordance with the
preferred embodiment.

FIG. 2 is a front perspective view of the ultrasound
diagnostic device shown in FIG. 1 with the display screen
placed in a viewing position.

FIG. 3 is a top view of the control panel of the ultrasound
diagnostic device of FIG. 1, which illustrates the icons
located on the input keys.

FIG. 4 is a rear perspective view of the ultrasound
diagnostic device shown in FIG. 1.

FIG. § is a block diagram of the electrical control circuitry
and software of the ultrasound diagnostic device of the
preferred embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

In accordance with the preferred embodiment of the
present invention, ultrasound images captured by an ultra-
sound device are stored as still-frames on a compact flash
card. The ultrasound device is equipped with an “image
frame storage” control that causes the ultrasound system to
enter a frozen imaging mode and then store the currently
displayed image to the compact flash card in one of the
aforementioned standard image formats. As stated above,
preferably the images are stored in the JPEG format.

While the image data is being stored, preferably an
“image frame storage in progress icon” appears on the
display screen of the ultrasound device. The icon preferably
displays the number of still-frame images that can be stored
on the card after the current image is stored. When the
storage operation is complete, the icon disappears. Also
displayed on the screen, in accordance with the preferred
embodiment, is an “image frame compression level” indi-
cator that indicates the amount of compression that has been
used to store the file.

The JPEG format is preferred due to its universal accep-
tance and the ubiquity of PC software to manage JPEG files.
PCs and Internet browsers typically support reading JPEG
files. Therefore, the customer or user is not required to
purchase special software to enable images to be accessed
and viewed. Images can also be stored in the DICOM format
so that systems that are equipped with the special software
required for this format can also access and view the stored
images. The storage features and other features relating to
the electrical control circuitry of the ultrasound device will
be discussed in detail below with reference to FIG. 5.

Before discussing the electrical control circuitry of the
present invention, an overall discussion of an ultrasound
device with which the electrical control circuitry of the
present invention preferably is used will be provided.
However, it should be noted that the electrical control
circuitry of the present invention is not limited with respect
to the type of ultrasound device with which it is imple-
mented. In accordance with the preferred embodiment, the
electrical control circuitry of the present invention is incor-
porated into a small, hand-carriable ultrasound device that is
especially suitable for use by laypersons without extensive
formal sonographic training.
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FIG. 1 is a pictorial representation of the ultrasound
diagnostic device 10 of the present invention in accordance
with the preferred embodiment. The ultrasound diagnostic
device 10 is approximately 10% inches long, approximately
8 inches wide and approximately 2% inches thick, although
those skilled in the art will understand that it is not limited
to these exact dimensions. The weight of the device 10 is
less than 7 pounds, including the electrical control circuitry,
the battery pack, and the transducer assembly. The manner
in which this light-weight design has been achieved is
attributable to the overall design and construction of the
device 10 and to the selection and configuration of the
electrical and data storage components implemented in the
device 10.

The device 10 is similar in design to a laptop computer.
The device 10 comprises a console portion 15 and a display
portion 12. To open the device 10, the user opens the display
portion 12 by unlatching and lifting up on the tab 14 located
on the display portion 12. The display portion 12 is coupled
by a hinging mechanism 13 to the console portion 15 so that
when the user lifts up on the display portion 12, it rotates
upwards (i.c., away from the console portion 15). The
hinging mechanism 13 preferably is similar to hinging
mechanisms typically used with laptop computers currently
available on the market. A handle 16 is integrally connected
to the console portion 15 to allow the device 10 to be easily
carried by hand.

A transducer assembly is removably connected by a
connector 21 to the ultrasound diagnostic device 10 and
comprises a transducer cable 18, a transducer handle 19, and
a transducer 22. The connector 21 comprises a latch (not
shown) which engages a mating mechanism (not shown)
comprised in the console portion 15. Preferably, the trans-
ducer handle 19 is small enough to fit comfortably in the
palm of the hand of the user so that it can be easily
manipulated by the user.

The connector 21 enables different types of transducer
assemblies to be implemented with the ultrasound diagnostic
device 10. Depending on the bodily feature being imaged,
different transducer assemblies can be utilized with the
ultrasound diagnostic device 10. The user can easily unplug
one type of transducer assembly and easily plug another
transducer assembly into the receptacle of connector 21. Of
course, each transducer assembly must be adapted to mate
with the connector 21. This provides the ultrasound diag-
nostic device 10 with great flexibility with respect to its
applications, as will be understood by those skilled in the art.
For example, rather than using a stethoscope to check a
patient’s heart beats, the user may connect the appropriate
transducer assembly to the device 10 and use the device 10
in the same manner in which a conventional stethoscope is
used. In contrast, the ultrasound diagnostic device may be
used by a gynecologist to perform fetal monitoring. In this
case, a transducer assembly which is suitable for this pur-
pose will be plugged into the receptacle.

When the ultrasound diagnostic device 10 is intended to
be used with transducer assemblies that are implemented for
different imaging purposes, the ultrasound diagnostic device
10 will be equipped with software and/or hardware that is
capable of acquiring and processing the various types of
imaging information, as will be understood by those skilled
in the art. The ultrasound diagnostic device 10 may be
switched between imaging modes which correspond to
different transducer assemblies. In this case, the ultrasound
diagnostic device 10 may comprise different software driver
modules for each of the different transducer assemblies.

The ultrasound diagnostic device 10 comprises a central
processing unit (FIG. 5), e.g., a microprocessor, which
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controls the operations of the ultrasound diagnostic device
10. When the user switches from one mode to another, the
central processing unit (CPU) simply executes the appro-
priate software module to enable the CPU to acquire and
process the image data obtained by the transducer assembly,
as will be understood by those skilled in the art. The
software modules may be stored in a system memory device,
which is in communication with the CPU, as discussed
below in detail with reference to FIG. 5.

FIG. 2 illustrates the ultrasound diagnostic device 10 with
the display portion 12 placed in a viewing position.
Preferably, the display portion 12 contains a display screen
31, comprising for example a liquid crystal display (LCD)
screen. The console portion 15 comprises a small control
panel 33 having various input keys, which preferably have
icons on them. By using icons on the keys, a single control
panel 15 can be used in different countries around the world
because the icons preferably are selected so that their
meanings are well known to those who perform ultrasound
diagnostic imaging tasks, as will be understood by those
skilled in the art.

Preferably, the display portion 12 and the console portion
15 are comprised of cast metal and molded plastic to provide
the ultrasound diagnostic device 10 with a rugged encase-
ment. The ultrasound diagnostic device 10 is designed to
withstand external impact resulting from, for example, drop-
ping the device 10 or collisions between the device 10 and
external objects. Furthermore, the ultrasound diagnostic
device 10 folds, as described above, such that when it is not
in use, the display screen 31 and the control panel 33 are
protected from external forces. The transducer connector 21
is also designed of the same or similar types of materials so
that it can also withstand shocks from external forces. A
flange 17 helps hold the transducer portions 19 and 22 in
place when the device 10 is not in use and protects these
portions of the transducer assembly.

FIG. 3 is a top view of the control panel 33 of the
ultrasound diagnostic device 10. In accordance with the
preferred embodiment of the present invention, all system
controls are “one button-one function”, i.e., each key cor-
responds to a command which tells the central processor to
perform a particular function. The keys preferably are logi-
cally and ergonomically grouped in such a manner that they
can be easily identified and so that their meanings are
self-explanatory. It should be noted that the control panel 33
is not limited to the particular buttons and icons shown in
FIG. 3. The particular buttons and icons shown in FIG. 3 are
discussed herein for the purposes of demonstrating the
preferred “one key per function” features of the present
invention. Also, it is not necessary that buttons be used on
the control panel 33. Any kind of actuation device(s) can be
used on the control panel 33 to allow a user to input data
and/or commands on the control panel 33.

Preferably, all of the buttons are membrane keys. The stop
button 39 is actuated by the user in order to freeze an image
being displayed on the display monitor. For example, if an
image is being displayed on the display monitor at a rate of
30 frames per second, activating the stop button 39 will
freeze the last image that was being displayed when the
button 39 was activated. The electrical control circuitry will
cause this image to continue to be displayed either for a
predetermined period of time or until the button on the
console is reactivated. In the exemplary embodiment, when
the button 39 is activated a second time (i.e., toggled), the
device 10 will resume displaying the images in real time as
they are acquired. The shape of the freeze button 39 pref-
erably is a universal symbol, which facilitates ease of use of
the ultrasound diagnostic device by the user.
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The pie-slice-shaped icon 41, which has “cm” in the
center of it and arrow heads above and below it, represents
the image sector, which is commonly referred to as a
B-mode image sector, seen by the user on the display
monitor. The button 41 is used to adjust the depth of the
image being displayed. For example, if the depth of the
image being displayed is 8 centimeters and the user desires
to view an image at a depth of from 0 to 4 centimeters in the
body, the user depresses the button 41 at the location of the
up arrow. The display monitor will display information
corresponding to the depth of the image being displayed.

The three buttons 42, 43 and 44 are gain variance control
buttons. The user uses these buttons to control what is
commonly referred to as time gain compensation (TGC).
The electrical control circuitry preferably comprises a time
gain amplifier (not shown) which varies gain with respect to
time. As acoustical energy is propagated into the body by the
transducer, the body absorbs some of the energy, while some
of the energy is reflected back out of the body and received
by the transducer. The strength of this echo will vary
depending on the distance that the object that caused the
echo is away from the transducer. Therefore, in many cases
it is desirable or necessary to amplify the echoes. The button
44 is used to control the overall gain of the image being
displayed. To decrease the gain, the user depresses the
button 44 at a location on the down arrow. To increase the
gain, the user depresses the button 44 at a location on the up
arrow.

The button 43 is used to increase and decrease the gain of
echoes that correspond to targets in the top section of the
displayed image. This section of the displayed image cor-
responds to targets that are relatively close to the transducer.
The button 42 is used to increase and decrease the gain of
color flow. Button 45 has an icon on it that represents a
folder. This can be used to store, for example, an image
frame that has been frozen by activating the freeze button
39. The button 46 is utilized to position a superimposed
Color Flow Doppler image over the B-Mode image being
displayed on the display monitor. In ultrasound imaging,
colors are utilized to represent velocity. The well-known
Doppler effect is utilized to determine the velocity of the
target being imaged and to encode the image data with
colors. For example, if blood is flowing towards the
transducer, the blood is typically represented in yellow or
red on the display monitor, depending on the velocity of the
blood. If blood is flowing away from the transducer, it is
typically displayed in blue on the display monitor. For
example, if the user is viewing a vessel in which all the
blood is flowing away from the transducer, the vessel would
be colored blue. If the user is viewing a vessel in which all
of the blood is moving towards the transducer, the vessel
would be colored yellow or red, depending upon the veloc-
ity.

The button 46 allows an image sub-sector that is colored
to be superimposed over the B-mode image sector being
displayed. The B-mode image may be, for example, a sector
image that is 90 degrees in width. The button 46 allows the
user to shift the superimposed color sector to any location
over the B-mode image sector by using the arrow keys. The
button 48 is used to turn the color flow on and off and to
select the type of color flow to be displayed.

The functions of the buttons 52, 55 and 58 will be
described with respect to an imaging example in which the
ultrasound diagnostic device 10 is used to obtain an image
of a baby’s head. As the transducer is being used to acquire
the image, if the freeze button 39 is depressed, the image on
the display monitor will be frozen. The button §5 having the
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icon of a pair of calipers thereon may then be depressed,
which causes a cross mark similar to a cursor to be displayed
on the display monitor. The distance between the cross mark
location and the transducer (the depth of the cross mark) is
displayed. The user may then move the cross mark around
with his or her fingertip by using the touch-sensitive point-
ing device 66. When the cross mark has been placed by the
user over the point of interest in the image, the user
depresses the caliper button 55 again. This causes the first
cross mark to be anchored and a second cross mark to be
displayed on the display monitor. The user then moves the
second cross mark until it has been placed over another point
of interest on the image. As the second cross mark is moved,
the distance between the two cross marks will be displayed
on the display monitor in centimeters and fractions thereof.

Selecting the Image Frame Storage Control mode (button
45) causes the ultrasound device to enter Frozen Imaging
mode (if it isn’t already frozen), and then store the currently
displayed image to the compact flash card in JPEG format
(or other standard format). While the storage is in progress,
an “Image frame storage in progress” icon (not shown)
appears on the display screen. This icon displays the number
of still frame images that can be stored on this card after this
image. When the storage operation is complete, the icon is
removed. Also displayed on the display screen is an “Image
frame compression level” (not shown). This is an indicator
of how much, if any, compression was used when storing the
file.

Each time the caliper button 55 is depressed, another cross
mark will be displayed up to a maximum of four cross
marks. This enables the user to measure up to two distances
between objects in the body being displayed. If the user does
not like where one of the cross marks is anchored, the user
can depress the erase button 52, which will cause the most
recent cross mark to be erased. Button 58 is used to allow the
user to enter identification information about the patient.

FIG. 4 is a rear, perspective view of the ultrasound
diagnostic device 10. This view shows a rear cover panel 71,
which can be opened and closed to allow various data
storage and transmission devices to be connected to the
ultrasound diagnostic device 10 via ports 73, 74 and 75. For
example, one of the ports 73 may be used as a network
connection to enable data to be loaded into and downloaded
from the ultrasound diagnostic device 10. One of the ports
74 may be used for an infrared receiver and transmitter diode
pair, which can be used to establish an optical data path
between the ultrasound device, and (not shown) another
computer, printer, network connection, or mass storage
device. Another port 75 may be used as an alternate,
non-optical means to allow, for example, a computer or
printer (not shown) to be connected to the ultrasound
diagnostic device 10 to enable data to be loaded into and
downloaded from the ultrasound diagnostic device 10.

Port 76, which preferably is located on the side of the
console portion 15, is adapted to receive a compact flash
card, which functions as a mass storage device. Use of the
compact flash card enables large quantities of imaging data
to be downloaded from the ultrasound device 10. One of the
advantages of using a compact flash card as a mass storage
device is, in addition to the capability of storing large
amounts of data, they are very small in size, typically on the
order of one or two square inches.

FIG. 5 is a block diagram of the electrical control circuitry
100 of the present invention in accordance with the preferred
embodiment. The electrical control circuitry 100 is electri-
cally coupled to the transducer 22, to the display monitor 31
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and to a mass storage device 125. Preferably, the electrical
control circuitry 100 is also electrically coupled to an audio
input device 112 (e.g, a microphone) and to an audio output
device 113 (e.g., a speaker).

The ultrasound image acquisition component iS com-
prised of a beam former/scan converter 107 and a transducer
22. The beam former/scan converter component 107 gener-
ates electrical signals necessary to cause transducer 22 to
form an acoustic beam by launching a shaped acoustic wave.
Reshaped acoustic waves which are returned from discon-
tinuities in the body are returned to the transducer, and
reconverted into electrical signals. These signals are pro-
cessed by the beam former/scan converter component 107
and stored in the appropriate pixels in the appropriate frame
of local image storage device 121. As the acoustic beam is
steered in different directions by the beam former/scan
converter component 107, and the transmission/reception
process is repeated by beam former/scan converter compo-
nent 107, different pixels in the selected frame of local
image storage device 121 are filled in with image data.

When all of the specified acoustic lines have been shot, a
cross-sectional map of the property of the body being
examined, such as, for example, tissue velocity, or acoustic
impedance, the corresponding digital image data will have
been placed in the specified frame of local image storage
device 121. The necessary sub-functions performed by a
beam former/scan converter component 107 are well known
to those skilled in the art, and are documented in many
publicly available books and articles. A readily available
example of such a description may be found in Chapters 3,
4 and 6 of a book entitled Diagnostic Ultrasound Principles,
Instruments, and Exercises, Third Edition, by Frederick W.
Kremkau, PhD., W B Saunders Company, 1989, which is
incorporated herein by reference.

Each page of the local image storage device 121 contains
the data for one frame that is to be displayed on the display
monitor 31. This memory device, which preferably is a fast
semiconductor memory device, may contain many frames or
as few as two frames, but typically less than 100 frames, due
to the cost of this type of memory device. An example of a
semiconductor memory device that is suitable for imple-
mentation as the local image storage device 121 is a Syn-
chronous DRAM (dynamic random access memory) inte-
grated circuit chip, such as, for example, an NEC 4516161-
10 DRAM integrated circuit chip, manufactured by NEC
Corporation. This particular memory device is capable of
storing 4 megabytes of 16 bit words. Preferably, the local
image storage device 121 is comprised of a plurality of these
integrated circuit chips. However, those skilled in the art will
understand that the present invention is not limited with
respect to the amount of memory comprised by the local
image storage device 121 or with respect to the type of
memory device utilized for this purpose.

The video output circuitry 109 formats the data in accor-
dance with a predetermined horizontal and vertical synchro-
nization technique appropriate for the display monitor 31.
The video output circuitry 109 also translates the data into
either color data or black-and-white data, depending upon
the data stored in local image storage device 121, and the
requirements of the display monitor 31. Graphics and text
may be generated by the host CPU 101 and added to the
image frames by the video output circuitry 109.

The host CPU 101 executes programs stored in system
memory 126 and receives commands from the control panel
33 in response to commands entered by a user (not shown)
on the control panel 33. The CPU 101 processes these
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commands in a manner dictated by one or more programs
being executed by the CPU 101. Many of these commands
correspond to operations to be performed on the ultrasound
image, as discussed above with reference to FIG. 3. The host
CPU 101 translates these commands into control data to be
output to the video output circuitry 109 and/or to the beam
former/scan converter component 107. The operations of the
beam former/scan converter component 107 and of the video
output circuitry 109 are controlled via these commands.

The beam former/scan converter component 107, the
local image storage device 121, and the video output cir-
cuitry 109 operate in conjunction with one another in
response to the commands received from the CPU 101 to
perform operations on the ultrasound image. The manner in
which these components cooperate with one another to
perform these operations is well known to those skilled in
the art. Therefore, in the interest of brevity, a detailed
discussion of the operations of these components will not be
provided herein.

Several video output circuitry components are available
on the market that are suitable for performing the formatting
and translation functions of the video output circuitry 109.
Similarly, a plurality of transducers are available on the
market that are suitable for performing the functions of the
transducer 22. Preferably, the transducer 22 is a 2.5 mega-
hertz phased array sector transducer sold by Agilent
Technologies, Inc. Often times, it is desirable to store many
seconds of the ultrasound image. For example, it may be
desirable to capture many segments of heart activity. As
stated above, the local image storage device 121 typically is
too small for this purpose. The local image storage device
121, due to the high cost of fast, ssmiconductor memory,
generally holds anywhere from two to one hundred pages of
image data. This problem is solved by utilizing an additional
mass storage device 125, which preferably utilizes Compact
Flash technology, as discussed below in more detail.

To further reduce the cost of mass storage per stored page,
image data from local image storage device 121 preferably
is routed through video compressor/decompressor 118. As
image data is routed from image memory 121 to mass
storage device 128, it is compressed. As data is routed from
mass storage device 125 to local image storage device 121,
it is decompressed. Compression ratios of ten or fifteen to 1
are achievable with little or no degradation of the image.
However, the present invention is not limited to any par-
ticular compression ratios.

The images that are stored on the compact flash card 125
preferably are stored in JPEG format. By utilizing compact
flash technology and storing images in the JPEG format, the
images can be easily archived, transferred to a PC, printed,
viewed, emailed, incorporated into presentations, etc. Suit-
able compact flash technology for use with the present
invention is produced by SanDisk Corporation. This tech-
nology is readily available to consumers and is relatively
inexpensive. Low cost compact flash interfaces are available
for PCs, and some printers have built-in compact flash
interfaces. Additionally, this technology is easy for consum-
ers to use and requires no specialized personnel or training
to operate.

Additionally, by storing images in JPEG format, no
specialized software is required to access and view the
images. Standard desktop PCs typically come with software
that can read JPEG files, so users can easily access their
images without special equipment, training, or personnel
and at no additional expense. Of course, those skilled in the
art will understand that images can be stored in other
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standard formats, such as the BMP, GIF or TIFF formats, for
example. Preferably, the Video Compressor/Decompressor
component 118 that provides the compression/
decompression functions in accordance with the JPEG or
other standard imaging format is implemented in software
that is executed by the CPU 101. However, these functions
could also be performed in hardware or a combination of
hardware and software, as will be understood by those
skilled in the art.

The JPEG format provides video compression and
decompression to be performed using standard JPEG algo-
rithms. A wavelet compression algorithm is another example
of a compression algorithm that may also be used for this
purpose. JPEG compression and decompression algorithms
can be performed in hardware using a particular integrated
circuit or in software being executed on the CPU 101, which
preferably is a microprocessor. Wavelet compression algo-
rithms can also be performed in hardware and/or software.
Asuitable video integrated circuit chip for performing video
compression and decompression is produced by Zoray Cor-
poration and is marketed as model number ZR36050. This
particular video integrated circuit chip utilizes the JPEG
compression standard. With respect to audio compression
and decompression, several standard compression/
decompression algorithms are available on the market. For
example, a computer program known as Microsoft ADPCM
Codec, which is commonly supplied with Windows 95 or 98
by Microsoft Corporation of the State of Washington, is
suitable for performing audio compression/decompression.

The compact flash technology utilized enables files to also
be stored in DICOM format. Software executed by the CPU
101 works in conjunction with the compact flash card to
enable images to be stored thereon in this format. Therefore,
systems that are equipped with the special software required
for this format can also access and view the stored images
downloaded from the ultrasound device 10 to the compact
flash disk 125. Therefore, although the ultrasound diagnostic
device 10 preferably is designed for use by a layperson, it is
not limited to this use. It is also suitable for use in healthcare
facilities by persons with specialized training, as will be
understood by those skilled in the art. Further, as the images
can be stored in a non-medical standard format, such images
can be transmitted to the patient for viewing on a standard
home PC.

The ultrasound diagnostic device 10 comprises a network
connection to enable the electrical control circuitry 100 to be
interfaced with a network. This type of connection allows
the image information stored in the local image store 121
and/or in the mass storage device 125 to be downloaded
directly onto a network. As stated above with reference to
FIG. 4, the ultrasound diagnostic device 10 preferably
comprises a port 73 that functions as a network connection
to allow the user to insert, for example, an Ethernet card (not
shown) into the network connection port 73 of the ultra-
sound diagnostic device 10 to allow the image data to be
downloaded directly onto a network. An optical link, such
as, for example, an Infrared link (port 74), may also be used
to allow data to be downloaded from and loaded into the
ultrasound diagnostic device 10.

In accordance with the preferred embodiment of the
present invention, the electrical control circuitry 100 allows
the user to generate audio files, which are appended to the
ultrasound images to which they correspond. To accomplish
this goal, the control panel portion 15 of the ultrasound
diagnostic device 10 has an audio input port (not shown)
adapted to allow an audio input device 112, such as a
microphone, to be coupled to the electrical control circuitry
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100. An amplifier and analog-to-digital converter compo-
nent 114 receives analog signals from the audio input device
112 and performs amplification and analog-to-digital con-
version to obtain a digital audio image. The host CPU 101
may then cause the digital audio image information to be
compressed by audio compressor/decompressor component
116 and stored in a memory device, such as mass storage
device 125.

The host CPU 101 also determines which audio informa-
tion corresponds to the associated image information. The
host CPU 101 can perform this function in a plurality of
manners, as will be understood by those skilled in the art.
For example, the host CPU 101 can be programmed to tag
the audio files with tags that associate the audio files with
their respective image files. When the audio files and the
image files are stored in the mass storage device 125, the
tags that associate the audio files with the image files are also
stored in the mass storage device 125. The audio files can be
associated with the image files by using other techniques,
such as, for example, storing audio files and image files in
such a manner and in accordance with a predetermined
ordering convention that the host CPU 101 can easily
determine which files are audio files, which files are image
files, and which image files are associated with which audio
files. By way of example, images and sound can be stored in
the MPEG format. Those skilled in the art will understand
how these tasks can be accomplished.

Under control of the host CPU 101, audio files may be
read out of the mass storage device 125, decompressed, if
necessary, in audio compressor/decompressor 116, and
played back over audio output device 113. Also, the mass
storage device 125 having the audio files and the image files
stored therein may be removed from the ultrasound diag-
nostic device 10 and placed in an external read/write device
(not shown) to allow the image information and the audio
information to be downloaded from the mass storage device
125 to an external computer or memory device. As will be
understood by those skilled in the art, the external computer
will be configured with compact flash technology to allow
the image files and audio files to be read off of the mass
storage device 125, decompressed, if necessary, and pre-
sented to the user via appropriate output devices.

It should be noted that the audio compressor/
decompressor component 116 may also be implemented in
hardware, software executed by the CPU 101, or in a
combination of hardware and software. Several audio and
video compressors and decompressors are available on the
market that are implemented entirely in hardware or entirely
in software, or in a combination of hardware and software.
An audio compression/decompression integrated circuit
chip which is suitable for performing audio compression and
decompression is manufactured by Cirrus Logic and is sold
as model number CS4215.

The present invention has been described with reference
to the preferred embodiments, but is not limited to these
embodiments. Those skilled in the art will understand that
various modifications can be made to the embodiments
described herein that are within the scope of the present
invention. For example, although one important feature of
the present invention is that the ultrasound device has been
uniquely designed for use by laypersons so that it can be
easily used by users and patients (i.e., persons other than
sonographers), use by such persons is within the scope of the
invention. Another example relates to the image data for-
mats with which the present invention may be implemented.
Although a few standard image data formats have been
explicitly mentioned herein, other image data formats that
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are currently in use or that become available in the future
may also be suitable for use with the present invention.
What is claimed is:
1. An ultrasound diagnostic device comprising:

an ultrasound image acquisition component;

a processor in communication with the ultrasound image
acquisition component; and

a port in communication with the processor, the port being
designed to receive a compact flash card, wherein
ultrasound image data acquired by the image acquisi-
tion component is processed in accordance with a
particular image format such that the processed image
data is suitable for storage on a compact flash memory
device.

2. The device of claim 1, further comprising:

a compact flash memory device, the compact flash
memory device being removably coupled to said port to
enable the processed image data to be stored on the
compact flash memory device.

3. The device of claim 1, further comprising:

a compact flash memory device coupled to said port,
wherein the processor is configured to execute a com-
pression algorithm and a decompression algorithm, the
compression and decompression algorithms being
compatible with said particular image format, wherein
when the processor executes the compression
algorithm, the ultrasound image data acquired by the
image acquisition component is compressed in accor-
dance with said particular image format and stored on
said compact flash card, and wherein when the proces-
sor executes the decompression algorithm, the proces-
sor causes compressed image data stored on the com-
pact flash memory device to be read from the compact
flash memory device and decompressed in accordance
with the particular image format.

4. The device of claim 3, further comprising:

a display device in communication with the processor, the
display device being capable of displaying an image
associated with the decompressed image data.

5. The device of claim 1, further comprising:

a compact flash memory device coupled to said port;

a compression component configured to compress the
acquired image data in accordance with said particular
image format; and

a decompression component configured to decompress
the image data that has been compressed in accordance
with said particular image format, wherein the proces-
sor causes compressed image data output from the
compression component to be stored on said compact
flash memory device, and wherein the processor causes
compressed image data stored on the compact flash
memory device to be read from the compact flash
memory device and routed to the decompression
component, the decompression component decom-
pressing the compressed image data routed thereto by
the processor.

6. The device of claim 5, further comprising:

a display device in communication with the processor, the
display device being capable of displaying an image
associated with the decompressed image data.

7. The device of claim §, wherein the compression and

decompression components are comprised in a single inte-
grated circuit chip.
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8. The device of claim 1, wherein said particular image
format is a JPEG image format.

9. The device of claim 8, wherein the device is designed
for use by laypersons.

10. The device of claim 1, wherein said particular image
format is a TIFF image format.

11. The device of claim 10, wherein the device is designed
for use by laypersons.

12. The device of claim 1, wherein said particular image
format is a DICOM image format.

13. A method of processing image data acquired by an
ultrasound device, the method comprising:

processing image data acquired by the ultrasound device
in accordance with a particular image format specifi-
cation; and

storing the processed image data on a compact flash
memory device.
14. The method of claim 13, wherein the processing
comprises:

compressing the acquired image data in accordance with
the particular image format specification.

15. The method of claim 14, wherein the particular image
format specification is a JPEG image format specification.

16. The method of claim 14, wherein the particular image
format specification is a TIFF image format specification.

17. A method of processing ultrasound image data, the
method comprising:

reading image data stored on a compact flash memory
device from the compact flash memory device;

processing the image data read from the compact flash
memory device in accordance with a particular image
format specification; and

displaying an ultrasound image corresponding to the
processed image data on a display device.
18. The method of claim 17, wherein the processing
comprises:

decompressing the image data read from the compact
flash memory device in accordance with the particular
image format specification.
19. The method of claim 17, wherein the particular image
format specification is a JPEG image format specification.
20. The method of claim 17, wherein the particular image
format specification is a TIFF image format specification.
21. A computer program to process image data acquired
by an ultrasound device, the computer program being stored
on a computer-readable medium, the program comprising:
a first code segment to process the image data in accor-
dance with a particular image format specification;

a second code segment to store the processing image data
on a compact flash memory device.

22. A computer program to process ultrasound image data

in an ultrasound device, the computer program being stored

on a computer-readable medium, the program comprising:

a first code segment to read image data stored on a
compact flash memory device from the compact flash
memory device; and

a second code segment to cause an ultrasound image
corresponding to the image data read from the compact
flash memory device to be displayed on a display
device of the ultrasound device.
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