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1. Title of Invention

METHOD AND APPARATUS FOR SENDING LIVE
STREAMING VIDEO FROM ULTRASOUND
IMAGING SYSTEM VIA NETWORK

2. Claims

1. A system comprising:
a port for communicating with a network;

a module (24) for formatting data passing out
said port in accordance with TCP/IP protocols;

a scanning subsystem (2, 4) for transmitting and

receiving wave energy;

a signal processing subsystem (6, 8, 10) for
generating frames of image data based on data acgquired by

said scanning subsystem;

memory (16) storing said generated frames of

image data;

a user input device (22) for selecting a live

streaming video mode; and

a computer (20) programmed to perform the
following steps in response to selection of said 1live

streaming video mode:

retrieving a stream of frames of image data from

said memory;
compressing the image data in each frame; and

sending said stream of frames of compressed
image data to gaid port.
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2., The system as recited in claim 1, wherein
said scanning subsystem comprises an ultrasonic transducer
probe (2},

3. The system as recited in claim 2, wherein

gaid memory comprises a cine memory (16).
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4. The system as recited in claim 1, wherein
said computer uses a losgy data compression technique in

gaid compressing step.

5. The system as recited in claim 1, wherein
said networking port comprises an Ethernet port.

6. A system comprising:
a port for communicating with a network;

a module (24) for formatting data passing out
said port in accordance with TCP/IP protocols;

a scanning subsystem (2, 4) for transmitting and

receiving wave energy;

a signal processing subsystem (6, 8, 10} for
generating frames of image data based on data acquired by
said scanning subsystem;

memory (16) storing said generated frames of

image data;

means {(20) for retrieving a stream of frames of

image data from said memory;

means (20) for compressing the image data in
each frame; and

meang (24) for sending said stream of frames of
compressed image data to said port.

7. The system as recited in claim 6, wherein
said scanning subsystem comprises an ultrasonic transducer
probe (2),

8. The system as recited in claim 6, wherein
said compressing means employ a lossy data compression
technique.



(13) uoboooboooboaobod

9. An ultrasound imaging system comprising:
a port for communicating with a network;

means {(24) for formatting data passing out said

port in accordance with TCP/IP prctocols;

an image acquisition subsystem (2, 4, 6, 8, 10)
for acquiring frames of image data;

memory (16} storing said acquired frames of

image data;

a user input device (22) for selecting a live

streaming video mode; and

means (20, 24) Zfor transmitting a stream of
frames of image data out said port in response to selection
cf said live streaming video mode, sgaid frames of said
stream being derived from said acquired frames of image

data.

10. The ultrasound imaging system as recited in
claim 39, further comprising means for compressing the image
data in each acguired frame to form said stream of frames

of image data.

11. A gystem comprising a network, a scanner
connected to said network, and a viewing device connected

to said network,
wherein said scanner comprises:

a scanning subsystem (2, 4) for transmitting and

receiving wave energy;

a signal processing subsystem (6, 8, 10} for
generating frames of image data based on data acquired by
said scanning subsystem;
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memory (16) storing said generated frames of

image data;

a sending TCP/IP connection (24) to said

network; and

a first computer (20) programmed to perform the

following steps:

retrieving a stream of frames of image data from

said memory;
compressing the image data in each frame; and

sending said stream of frames of compressed

image data to said sending TCP/IP connection, and
wherein said viewing device comprises:

a receiving TCP/IP connection {26) to said

network;

buffer memory (32) for storing a stream of

frames of image data;

a display device (38) for displaying a stream of

frames of image data;

a video processor (36) for controlling said
display device to display a stream of frames of image data
retrieved from said buffer memory; and

a second computer (34) programmed to perform the

following steps:

retrieving said stream of frames of compressed
image data from said receiving TCP/IP connection;

decompressing said frames of compressed image

data; and
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storing said stream of frames of decompressed
image data in said buffer memory.

12. The system as recited in claim 11, wherein
said scanning subsystem comprises an ultrasonic transducer

probe (2).

13. The system as recited in claim 12, wherein
said memory of said scanner comprises a cine memory.

14. The gystem as recited in c¢laim 11, wherein
said first computer uses a lossy data compression technigue
in said compressing step.

15. A method for sending a live stream of

ultrascund images to a network, comprising the steps of:

acquiring a stream of frames of ultrasound image
data;

compressing said ultrasound image data of each

frame;

formatting said stream of frames of compressed
ultrasound image data in accordance with TCP/IP protocols;
and

outputting said stream of frames of compressed
ultrasound image data in TCP/IP format.

16. The method ag recited in c¢laim 15, wherein
said compressing step utilizes a lossy data compression
technique.

17. A method for sending a live stream of images
to a network, comprising the steps of:

scanning a body with penetrating wave energy;

detecting wave energy returned from said body to

generate signals;
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processing the signals to form frames of image

data;

storing said frames of image data;

retrieving a stream of frames of image data from
storage;

compressing the image data of said stream of
frames;

formatting said stream of frames of compressed
image data in accordance with TCP/IP protocols; and
g P

outputting said stream of frames of compressed

image data in TCP/IP formak.

18. The method as recited in e¢laim 17, wherein

said wave energy is ultrasound wave energy.
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3. Detailed Description of Invention
FIELD OF THE INVENTION

This invention generally relates to imaging
systems used in medical diagnostics. In particular, the
invention relates to the transfer of digital images from an
ultrasound imaging system over a network to remote devices
for archiving, viewing and/or printing.

BACKGROUND OF THE INVENTION

Conventional ultrascund imagers create two-
dimensional images of biological tissue and blood flow by
scanning a focused ultrasound beam in a scan plane and for
each transmitted beam, detecting the ultrasound wave energy
returned along a respective scan line in the scan plane. A
single scan line {(or small localized group of scan lines)
is acquired by transmitting focused ultrasound energy at a
point, and then receiving the reflected energy over time. A
B-mode ultrasound image is composed of multiple image scan
lines. The brightness of a pixel on the display screen is
based on the intensity of the echo returned from the
biological tissue being scanned. The outputs of receive
beamformer channels are c¢oherently summed to form a
respective pixel intensity value for each sample volume in
the scanned object. Thege pixel intensity values are log-
compressed, scan-converted and then displayed as a B-mode
image of the anatomy which was scanned.

If the ultrasound probe is swept over an area of
body, a succession of image frames (corresponding to spaced
glices intersecting the body being examined) can be
displayed on the monitor. In one type of ultrasound imaging
system, a long sequence of the most recent images are
stored and continuougly updated automatically in a cine
memory on a first-in, first-out basis. The cine memory is
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like a circular image buffer that runs in the background,
capturing image data that is displayed in real time to the
user. The cine memory acts as a buffer for transfer of
images to digital archival devices via the host computer.
When the user freezes the saystem (by operation of an
appropriate device on an operator interface), the user has
the capability to view image data previously captured in
cine memory. The image loop stored in cine memory can be
reviewed on the display monitor via trackball control
incorporated in the operator interface, and a section of
the image loop can be selected for hard disk storage. Any
acquired or projected image can be stored internally on the
system hard disk or on a magneto-optical dJdisk (MOD)
inserted in a disk drive.

In addition to storing images internally, modern
imaging systems need to be able to transfer images to
varioug types of remote devices wvia a communications
network. To successfully transfer images, the relevant
networking features of the imager must be compatible with
the networking features of the destination remote device.
In particular, the imager must place the data to be
transferred in a format which can be handled by the
destination remote device. An attempt to accomplish the
foregoing is the adoption of the DICOM (Digital Imaging and
Communications in Medicine) standards, which specify the
conformance requirements for the relevant networking
features. The DICOM standards are intended for wuse in
communicating medical digital images among printers,
workstations, acquisition modules (such as an ultrasound
imaging system) and file servers. The acquisition module is
programmed to transfer data in a format which complies with
the DICOM standards, while the receiving device is
programmed to receive data which has been formatted in
compliance with those same DICOM gtandards.
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The DICOM system is designed to facilitate the
communication of digital images of different types, e.g.,
X-ray, computerized tomography, magnetic resonance and
ultrasound imaging. All DICOM activities are handled in a
queued manner by application software running on a host
computer incorporated in the imager. In one type of
ultrasound imager, the user can select any image in cine
memory to be sent in DICOM format via a LAN to a remote
device having DICOM capability. The host computer of the
ultrasound imaging system is programmed with DICOM system
software which facilitates transmission of image frames
from the cine memory to the remote DICOM device via the
host computer hard disk and the LAN.

While DICOM defines a way to transmit single-
frame and multi-frame images, in the form of DICOM objects,
through a network over a great distance, it does not define
a way to transmit live streaming video. One conventional
meang for transmitting a live video stream of ultrasound
images from an ultrasound scanner to a viewing station is a
frame-grabbing device which is connected to the video
output ports on the back of the ultrasound machine. This
frame-grabbing device then passes this information to
another computer on the receiving end. There is a need for
a method of providing live streaming video without having
to buy a special computer which constructs the streaming
video by grabbing successgive frames.

Alternatively, 1live streaming videco has been
provided by simply extending the RGB or composite video
outputs of the ultrasound imaging system. This has been
accomplished by wusing a =pecial RCGB or Composite video
cable and plugging one side of that cable tc the analog
RGB or Composite "out" on the ultrasound machine and the
other end to the analog RGB or Composite "in" of a
monitor located at a remote viewing station. This
technigque is very ineffective because it only solves the
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short-distance problem (approximately 100 feet or less),
and has difficulty handling more than one ultrasound
scanner. Further, the only mechanism for capture and
recording would be a VCR. This would not be a digital

golution.

U.8. Patent No. 5,897,498 discloses an ultra-
sound imaging system which ig capable of sending images
to a remore device using a TCP/IP network. The ultrasound
imaging system includes a simple mail transfer protocol
(SMTP) gever which sends electronic messages by way of
TCE/IP over a local network or the Internet through a
network connection such as an Ethernet port or a modem.
The SMTP server is connected to the ultrasound sgystem
controller so as to interact with the ultrasound system
storage media, user interface and display. The electronic
messages can attach information stored on the ultrasound
system for transmisgsion to a receiving station, such as
ultrasound images, reports, ultrasound image loops,
system presets, etc. However, such electronic messaging

is not live sgtreaming video.

Thus there is a need for a method and means for
enabling an ultrasound imaging system to transmit live
gstreaming video directly onto a wide area network to a

receiving device.
SUMMARY OF THE INVENTION

The present invention is incorporated in an
ultrasound imaging system which is programmed tec have a
live streaming video capability. Integrating streaming
video into the ultrasound machine was not considered
obvious 1in the past because of the bandwidth and
processor that would be needed to accomplish such a task
without degrading the behavior of the ultrascund machine.
The digital solution proposed herein is that the images
which appear on the monitor of the ultrasound scanner are
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captured in single frames or in frame groups, compressed
in MPEG format and then transmitted through a digital
ocutput port of the scanner, across & TCP/IP network, to a
receiving machine (e.g., a perscnal computer that is
connected to the network). The host computer of the
ultrasound imaging system is programmed with 1live
streaming video software which facilitates transmission
of image frames from the cine memory to the remote
receiving machine via the host computer hard disk and a
network. A software application running on the receiving
machine collects the streaming data and processes it for
video and audio output to a monitor at the receiving end.
It is important that the receiving station buffer the
incoming data to manage a smooth output. In accordance
with the preferred embodiment of the invention, the
ultrascund scanner supporte the transmission of streaming
video and audio acrecss a TCP/IP network, such that the
receiving machine can process and output the video and
audic in near-real-time. The live streaming video can be
sent to any receiving device that uses the TCP/IP
protocol in its network.

In accordance with a further aspect of the
invention, the wultrasound imaging system is able to
broadcast live streaming video to multiple sites. Using
the TCP/IP protocols, the streaming video can be sent to
a gateway accompanied by a header which identifies

multiple IP addresses.

The invention extends to a two-way
communication between the ultrasound machine and a
remotely located device for viewing the live streaming
video. This two-way communication includes the ability to
point to structures found on the images, write and draw
on the images, and communicate either through voice or
textual messages. The two-way communication occurs while
the connection between the ultrasound imaging machine and

the viewing station is held open.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 shows a conventional computerized
ultrasound imaging system which can be programmed to send
live streaming video to remote devices over a TCP/IP
network. The type of imaging system depicted in FIG. 1 has
a B mode whereby the imager creates two-dimengional images
of tissue and/or blcood flow in which the echo return. The
basic signal processing chain is as follows.

An ultrasound transducer array 2 is activated by
a transmitter in a beamformer 4 toc transmit an acoustic
burst which is focused at a point along a scan line. The
return RF signals are detected by the transducer elements
and then dynamically focused to form a receive beam by a
receiver in the beamformer 4. The receive beamformer output
data (I/Q or RF) for each scan line is passed through a B-
mode processing chain 6, which preferably includes
demodulation, filtering, envelope detection, logarithmic
compression and edge enhancement .

Depending on the scan geometry, up to a few
hundred receive vectors may be used to form a single
acoustic image frame. To smooth the temporal transition
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from one acoustic frame to the next, some acoustic frame
averaging 8 may bhe performed before scan conversion. In
general, the log-compressed display data is converted by
the scan converter 10 into X ~Y format for video display.
On some systems, frame averaging may be performed on the
X-Y data (indicated by dashed block 12} rather than the
acoustic frames before gcan conversion, and sometimes
duplicate video frames may be inserted between acoustic
frames in order to achieve a given video display frame
rate. The scan-converted frames are passed to a video
processor 14, which maps the video data using a gray-scale
mapping. The gray-scaled image frames are then sent to a
video monitor 18 for display.

System control 1s centered in a host computer
20, which accepts operator inputs through an operator
interface 22 and in turn controls the various subsystems.
(In FIG. 1, only the image data transfer paths are
depicted.) The operator intertace comprises a keyboard, a
trackball, a multiplicity of pushbuttons, and other input
devices such as sliding and rotary knobs.

During imaging, a long sequence of the mosgt
recent images are stored and continucusly updated
automatically in a cine memory 16. Some gystems are

degigned to save the R-# acoustic images (this data path
is indicated by the dashed line in FIG. 1), while other
gystems store the X-Y video images. The image loop stored
in cine memory 16 can be reviewed wvia trackball control,
and a section of the image loop can be selected for hard
disk storage.

FIG. 2 generally depicts a simplified system
comprising an wultrasound imaging system programmed to
output a live stream of video images in a compressed format
via a transmitting TCP/IP network connection 24, a view
station programmed to receive a live stream of video images
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via a receiving TCP/IP network connection 26, and a network
28 for comnecting the transmitting TCP/IP network
connection 24 to the receiving TCP/IP network connection
26. The network 28 may comprise a local area network, a
wide area network, a corporate intranet, the Internet, or
any other network system, including a system of networks
interconnected via gateways. The ultrasound imaging system
partially depicted in FIG. 2 is of the type depicted more
fully in PFIG. 1, with similar functional components

designated by the same reference numerals.

In accordance with the preferred embodiment of
the invention, the host computer 20 of the ultrasound
imaging system is programmed with the capability to extract
frames (or groups of frames) of digital video data from the
cine memory 16 and compress the video frames in MPEG
format. Preferably the compressed video frames are stored
on the host computer hard drive. From there, the compressed
video frames are transferred to the sending TCP/IP network
connection 24.

The term "MPEG", ag used herein, refers to the
family of digital video compression standards and file
formats developed by the Moving Picture Experts Group,
which is a working group of ISO. MPEG generally produces
better-quality video than competing formats. MPEG files
can be decoded by sgpecial hardware or by software. MPEG
achieves a high compression rate by storing only the
changes from one frame to another, instead of each entire
frame. The wvideo information is then encoded using a
technique called Discrete Cosine Transform (DCT). DCT is
a technique for represgenting waveform data ags a weighted
sum of cosines. DCT is commonly used for data
compressicn. The MPEG data compressicn technology
approximates some of the DCT coefficients to reduce the
amount of data, resulting in lossy compression since some
data is removed. However, the loss of data isg generally
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imperceptible to the human eye.

There are two major MPEG standards: MPEG-1 and
MPEG-2. The most common implementations of the MPEG-1
standard provide a video resolution of 352%x240 at 30
frames per second (fps). This produces video gquality
slightly below the quality of conventional VCR videos.
MPEG-2 is a newer standard which offers resolutions of
720480 and 1,280x720 at 60 fps, with full CD-quality
audio. The MPEG-2 data compression technique can compress
a 2-hour video into a few gigabytes. While decompressing
an MPEG-2 data stream reguires only modest computing
power, encoding video in MPEG-2 format reguires

significantly more processing power.

The host computer 20 is programmed to output
live streaming video in compressed format in regponse to
actuation of a Live Streaming Video button (not shown) on
the operator interface 22. Folleowing actuation of the
Live Streaming Video button, the system operator inputs
the IP address of the remote viewing station wvia the
operator interface 22 in response to a prompt from the
host computer. The host computer 20 then sends that IP
address to the sending TCP/IP network connection 24,
accompanied by & request that a connection to that IP
address be opened. Once the connection has been
established, an acknowledgment that the connection is
open 1s transmitted from the sending TCP/IP network
connection 24 to the host computer 20. The host computer
then commences to send frames of compressed video data to

the sending TCP/IP network connection 24.

The sending TCP/IP network connection 24
comprises an output port (e.g., an Ethernet port) and a
TCP/IP software module for transmitting the compressed
video data out the output port in accordance with the
network protocol software called the TCP/IP Internet
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Protocol Suite. TCP/IP is named after the Internet
Protocol (IP) and the Transmission Control Protocol
(TCP) . The IP software controls the routing of data and
the TCP controls the transfer of data. The TCP/IP
goftware module encapsulates the video data into segments
called TCP packets with header information that is used
to track, check and order the data segments in the proper
sequence. Since a block of data is transmitted over the
Internet in discrete packets, individual ones of which
may be routed differently by gateways, it is pessible
that the packets will arrive at their destination out of
order or with errors. At the receiving TCP/IP network
connection 26, the packets are checked for errors in
accordance with the TCP packet header information, error-
free segments are acknowledged, and the packets are put
in order to reassemble the original block of video data.
The sending TCP/IP network connection 24 keeps track of
segment acknowledgments, and if a segment is not timely
acknowledged the sending TCP/IP network connection 24
retransmits the packet. If a segment is lost on initial
transmission or received out of order, the TCE software
causes the received segments to be held until all
segments are accounted for at the receiving TCP/IP
network comnnection 26, at which time they may be ordered
in their proper and complete sequence for reassembly of
the original block of data.

At the sending TCP/IP network connection 24,
TCP packets are processed by the IP software, which puts
the segments into the form of IP packets. Each packet
contains an IP header which ©provides addressing
information used by gateways to route the packet to its
proper destination. The IP header contains the source and
destination Internet addresses to enable gateways to
properly route the data, and the receiver to acknowledge
receipt of the packet. The IP software tries to deliver
all packets, but does not assure their delivery. Delivery
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is assured by the TCP software through acknowledgment and
retransmissicn as desgcrikbed above.

The TCP/IP software needs to be configured for
the particular ultrascund system and itg environment.
Typical configuration information for TCP/IP includes the
type of local network if the ultrasound system is locally
networked with other ultrasound machines, the addresses
of other systems on the 1local network, the gateway
address if the system is performing a routing function,
the user name of the ultrasocund machine and access
password, the address of the servers on the ultrasound
gystem, and the Internet address (IP address) for the

ultrasound system.

For the purpose of illustration only, the
receiving view station in accordance with one preferred
embodiment {(as depicted in FIG. 2) comprises a receiving
TCP/IP network connection 26, a host computer 30, a video
memory 32, an operator interface 34, a video processor 36
and a display monitor 38. The receiving TCP/IP network
connection 26 comprises an output port {e.g., an Ethernet
port) and a TCP/IP software module for receiving the
compressed video data in accordance with the TCP/1P
protocol. The received stream of cowmpressed video data is
retrieved from the receiving TCP/IP network connection 26
by the host computer 30 and stored on its hard drive. The
host computer 30 is programmed with software for
decompresging the compressed video data. The host computer
30 decompresses the video data and outputs the decompressed
video data to the video memory 32, which acts as a buffer.
A live stream of video images is then reconstructed from
the stored video data by the video processor 36 and sent to
the display monitor 38 for display. A physician at the
remote view station ig able to observe the live streaming

video output by the ultrasound imaging system.



(28) uoboooboooboaobod

As used herein, the term "streaming" refers to
a technique for transferring data such that it can be
processed as a steady and continuous stream. For
streaming tec work, the host cowputer 30 on the receiving
side must be able to collect the video data, decompress
it, and send it as a steady stream to the video memory 32
for processing by the video processor 36. The wvideo
memory 32 serves as a buffer, storing excess video data,
in the event that the receiving station receives the
video data at a faster rate than required.

In accordance with the preferred embodiment of
the invention, the host computer 20 of the ultrasound
imaging system sends a message to the sending TCP/IP
network connection 24, instructing it to open up a
connection with a destination device identified by the
host computer. When the sending TCP/IP network connection
24 i connected to the receiving TCE/IP network
connection 26 of the view station via the network 28, the
connection is maintained open while the hogst computer 20
feeds frames of compressed video data through the
connection. Each frame is a still image. The frames are
decompressed by the host computer 30 and displayed in
succession on the display monitor 38 by the video
procesgor 36. Displaying frames in gquick succession
creates the illusion of mwotion. The more £frames per
second, the smoother the wmotion appears. Depending on
which MPEG data compression technique is used, the frame
rate in accordance with the preferred embodiments will be
either 30 or 60 fps. In general, the minimum fps needed
to avoid jerky mction is about 30.

While the invention has been described with
reference to preferred embodiments, it will be understcod
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
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In addition, many modifications may be made to adapt a
particular situation to the teachings of the invention
without departing from the essential scope thereof. For
example, the live streaming videc data can be transmitted
via a modem instead of an Ethernet port. Therefore it is
intended that the dinvention not be 1limited to the
particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the
invention will include all embodiments falling within the

scope of the claims.

4. Brief Description of Drawings

FIG. 1 is a block diagram showing a conventional
ultragsound imaging system of the type which can be
programmed to have live streaming video output capability
in accordance with the preferred embodiment of the
invention.

FIG. 2 is a block diagram showing an ultrasound
imaging system programmed to transmit live streaming video
to a receiving view station wvia a network in accordance
with the preferred embodiment of the invention.
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1. Abstract

Method and apparatus for sending a live stream
of video images from an ultrasound scanner to a network
(28). The images which appear on the moniteor (18) of the
ultrasound scanner are captured in single frames or in
frame groups, compressed in MPEG format and then
transmitted through a digital output port of the scanner,
across a TCP/IP network, to a receiving machine {e.g., a
personal computer that is connected to the network). The
host computer (20) of the ultrasound imaging system is
programmed with live streaming video software which
facilitates transmission of image frames £from the cine
memory (16) to the remote receiving machine via the host
computer hard disk and a network. A software application
running on the receiving machine collects the streaming
data and processes it for videc and audic output to a
monitor (38) at the receiving end. The receiving station

buffers the incoming data te manage a smooth output.

2. Representative Drawing: Figrue 1
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