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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to portable ultrasound
systems which power-up rapidly to an operating condi-
tion.
[0002] In today’s efficiently run hospitals, the portability
of an ultrasound system enables the system to be used
in more than one lab or department. An ultrasound sys-
tem can be used in radiology for most of the time and
wheeled into the obstetrics department or delivery room
when needed for an obstetrical exam, for instance. Port-
ability also enables an ultrasound system to be used at
the patient’s bedside so that, instead of moving a patient
to the ultrasound lab, the ultrasound system is moved to
the patient, which is important in diagnosing many criti-
cally ill patients. Frequently, medical emergencies will
necessitate that the ultrasound system be moved quickly
and the examination commenced at once at the new lo-
cation. An impediment to such speed and convenience
is the necessity to turn off the conventional ultrasound
system through a time-consuming shutdown sequence
before it can be unplugged and moved. This delay is re-
peated at the new location when it is necessary to power
up the ultrasound system through a complex and time-
consuming boot-up procedure.
[0003] U.S. Patent number 6,063,030 discloses an ul-
trasound system, comprising an ultrasound signal path,
comprising a plurality of components, a processor, cou-
pled to said ultrasound signal path and responsive to a
system ON or OFF signal and control means running on
the processor. This control means comprises a user-in-
terface for controlling image processing and display pa-
rameters.
[0004] U.S. Patent number 5,964,709 discloses a port-
able ultrasound imaging system, which comprises an ul-
trasound signal path, comprising a plurality of compo-
nents, a processor, coupled to said ultrasound signal
path and responsive to a system ON or OFF signal and
control means running on the processor. This control
means comprises a user-interface for controlling image
processing and display parameters. None of these con-
trol means is configured to act on the turn on or off pro-
cedure of the ultrasound imaging system.
[0005] Accordingly it would be desirable to avoid these
time-consuming steps so that the ultrasound system can
be relocated immediately and be ready to scan instantly
at the new location.
[0006] In accordance with the principles of the present
invention, an ultrasonic diagnostic imaging system is de-
scribed which can be turned off quickly and restarted and
be ready for scanning in a matter of seconds. This is
accomplished by allowing a processor and/or memory
within the system to remain active even when the system
is "turned off." When the system is turned off the state of
the system is minimally preserved in either volatile or
nonvolatile memory so that the system can restart without
having to sequence through an entire bootup procedure.

In a preferred embodiment the processor has a battery
backup, enabling the processor to remain active even
when the ultrasound system is unplugged and being
moved. When the ultrasound system arrives at its desti-
nation, diagnosis can begin at once.
[0007] In the drawings:

FIGURE 1 illustrates in block diagram form an ultra-
sonic diagnostic imaging system constructed in ac-
cordance with the principles of the present invention;
FIGURE 1a illustrates a method for initializing the
ultrasound system of FIGURE 1;
FIGURES 2a-2d illustrate different methods for effi-
ciently turning off an ultrasound system so that it can
be restarted quickly;
FIGURES 3a-3d illustrate different methods for rap-
idly restarting an ultrasound system;
FIGURE 4 illustrates a method by which an inactive
ultrasound system can respond to a remote inquiry;
FIGURE 5 illustrates a method by which an inactive
ultrasound system automatically prepares for scan-
ning at a predetermined time; and
FIGURE 6 illustrates a method by which an ultra-
sound system assumes a state of lower power con-
sumption during periods of inactivity.

[0008] Referring first to FIGURE 1, an ultrasonic diag-
nostic imaging system 10 constructed in accordance with
the principles of the present invention is shown in block
diagram form. The components of a typical ultrasound
system are shown at the top of the drawing, including a
scanhead or transducer 12, an image display 16, and the
ultrasound signal path 14 which connects the transducer
and the display. The ultrasound signal path will typically
include a beamformer which controls the transmission of
ultrasonic waves by the transducer 12 and forms re-
ceived echo signals into steered and focused beams, a
signal processor which processes coherent echo signals
in the desired mode of display, e.g., B mode, Doppler
mode, harmonic or fundamental mode, and an image
processor which produces image signals of the desired
format from the processed echo signals, such as a 2D
or 3D image or spectral Doppler display. The ultrasound
signal path is controlled in a coordinated manner by a
system controller which responds to user commands and
dictates the overall scheme of functionality of the ultra-
sound signal path. For instance, the system operator may
enter a command on the user control panel 20 to request
two dimensional colorflow imaging using a certain scan-
head. The system controller would respond to this com-
mand by conditioning the beamformer to operate and
control the desired scanhead, initializing the signal proc-
essor to Doppler process the received echo signals, and
setting up the image processor to produce a grayscale
B mode image with flow shown as a color overlay.
[0009] The source of energy for a cart-borne or table-
top ultrasound system is generally a.c. line voltage ac-
cessed by a plug 40. The a.c. power is filtered and rec-
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tified by an a.c. line conditioner 42, which produces a DC
supply voltage such as 48 volts. This voltage is supplied
to a signal path power supply 18, which supplies power
to the scanhead 12 and ultrasound signal path 14. The
a.c. line conditioner provides two other functions, which
are to sense and respond to different a.c. power sources
and to provide power factor correction which matches
current and voltage phases to prevent instantaneous cur-
rent spikes during cycles of the a.c. power. The a.c. line
conditioner will sense whether the plug 40 is connected
to 110 volt, 60 Hz power or 220 volt 50 Hz power, for
instance, and will respond to configure the line condition-
er to produce the required 48 VDC from either a.c. source.
Power factor correction will cause the ultrasound system
to use power more efficiently by appearing as a more
resistive rather than reactive load to the a.c. power sys-
tem. The power supply 18 is a DC to DC converter, which
supplies a number of DC voltages for different compo-
nents and modules of the ultrasound system. For in-
stance, a high voltage is supplied as a drive voltage for
the ultrasonic transducer, and lower level voltages are
supplied to the digital processing circuitry of the system.
The signal path power supply 18 is generally capable of
providing 1000 watts or more of power to a cart-borne
ultrasound system.
[0010] In accordance with the principles of the present
invention a CPU board 30 is coupled to the ultrasound
signal path 14 which controls the powering up and pow-
ering down of the ultrasound signal path. The functions
of the CPU board discussed below may, in a particular
embodiment, be integrated into the system controller of
the ultrasound signal path and be performed there. In
FIGURE 1 a separate CPU board is shown for ease of
illustration and understanding. The CPU board 30 may
comprise an off-the-shelf motherboard such as an ATX
form factor motherboard with a system core chipset and
basic input/output (BIOS) software. BIOS is code that
runs from some sort of non-volatile memory such as a
PROM or flash storage device and stays resident on the
CPU board. The BIOS software boots the CPU from a
cold power-up and launches the operating system. The
BIOS software performs such functions as checking ba-
sic hardware operability and hardware resources avail-
able. Vendors of BIOS software include Phoenix, Award,
and American Megatrends. The CPU board includes a
CPU processor 31 (sometimes referred to herein as the
CPU) which may be a microprocessor such as the mi-
croprocessors available from Intel, Advanced Micro De-
vices, or Motorola, or a processor of more limited capa-
bility such as a reduced instruction set (RISC) processor.
The CPU board includes a random access memory
(RAM) 33 which enables the CPU to run an operating
system software program (OS) resident on nonvolatile
disk storage 34. The OS is operated to control various
operating aspects of the ultrasound signal path 14, dis-
play 16 and peripheral devices connected to the ultra-
sound system such as printers and recorders, as de-
scribed below. The OS refers to the platform software

that tends to housekeeping functions and provides an
interface to launch application software. Operating sys-
tem software includes DOS, Windows95-2000, Windows
CE and NT, Solaris, and OS2. Any software that is not
an OS and performs a given task is referred to as appli-
cation software. Examples of application software in-
cludes word processor software, spreadsheet software,
communication or analysis software, and the custom
software that runs an ultrasound machine. In the illus-
trated embodiment the CPU board is coupled to the ul-
trasound signal path 14 by way of a control interface
shown as control module 15 of the ultrasound signal path
14. When the functionality of the CPU board is integrated
into the ultrasound signal path, the need for this interface
may be partially or wholly eliminated.
[0011] The CPU board may be powered by the signal
path power supply 18, however, in the illustrated embod-
iment the CPU board 30 is powered by its own CPU power
supply 32. The CPU power supply has a lower capacity
than that of the power supply 18, and may for instance
be a 250 watt power supply. The CPU power supply 32,
like the power supply 18, is a DC to DC converter which
converts the voltage level supplied by the a.c. line con-
ditioner to the DC voltages required by the CPU board
30 and, preferably, also the disk storage 34. The CPU
power supply is coupled to the a.c. line conditioner and
is energized in the same manner as the power supply 18.
[0012] In accordance with another aspect of the
present invention, the ultrasound system includes an op-
tional battery 50 which provides a back-up source of pow-
er to the signal path power supply 18 and the CPU power
supply 32. The battery is charged by a battery charger
52 coupled to the a.c. line conditioner 42 so that the bat-
tery can be fully charged whenever the plug 40 is con-
nected to a source of a.c. line voltage. The battery 50 is
also coupled to the drive motors of articulation devices,
when present, by which movable parts of the ultrasound
system such as the display 16 and control panel 20 can
be raised, lowered, and tilted for the convenience of the
operator. This enables the ultrasound system’s articulat-
ed components to be moved and adjusted even when
the system is not plugged into a wall outlet.
[0013] The ultrasound system has connections for a
network and/or modem by which diagnostic information
obtained by use of the ultrasound system can be remotely
stored or shared with others. The network and modem
connections also enable information from remote sourc-
es to be provided to the ultrasound system, such as elec-
tronic mail and reference image libraries as described in
U.S. patents 5,897,498 and 5,938,607. In the embodi-
ment shown in FIGURE 1 these connections are made
from the CPU board 30, although in a particular embod-
iment they may also be made from the ultrasound signal
path 14.
[0014] When a conventional ultrasound system is
turned on, it must initialize all of its functionality from a
cold start, which can take many minutes to accomplish.
Likewise, when the system is turned off, the ultrasound
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system goes through a lengthy process to power down
its various modules and subsystems in an orderly but
time consuming sequence. In an embodiment of the
present invention, the CPU board is rarely, if ever, com-
pletely powered down. The CPU board controls the other
components and subsystems of the ultrasound system
to be in various suspended states or entirely powered
down, and may even itself go into a suspend or low power
state, but is selectively available to be restored and to
restore the rest of the ultrasound system to full operation
in a short or almost instantaneous period of time.
[0015] In concept, the CPU board 30 and its OS and
associated software act as a central processor with the
other elements of the ultrasound system, including the
ultrasound signal path 14, in essence viewed as periph-
eral devices to this central processor. The CPU board
OS and, if desired, application software control the states
of operation of these peripheral devices, within the con-
straints dictated by the user, so that the entire system is
run efficiently and effectively. This can entail directing
other elements of the ultrasound system to be in a high
state of readiness, or to be in various suspend states with
different time periods to return to full operation and dif-
ferent levels of power consumption, or to be partially or
completely powered down. Not only does the CPU board
OS control other elements of the system in this way; in
a preferred embodiment it can impose these same con-
trols on itself, even to a state in which the entire system
is in a suspend state where it is consuming only 5-10
watts or less of power and can thus be maintained by
battery power for a substantial period of time.
[0016] Several examples will illustrate the degrees of
control which are possible. If the OS detects a lengthy
period of inactivity by the ultrasound system, it may pro-
gressively power down or suspend operation of certain
system components. The display for instance, might first
be set to standby, then later powered down completely.
Similar action might be taken with peripheral devices
such as printers and recorders. The periods of inactivity
after which these actions are automatically performed
can be set by the system operator. Selected elements
and even major portions of the ultrasound system which
take little or virtually no time to reactivate can be powered
down even for short periods of time such as a few sec-
onds. For instance, when the operator freezes an image
on the display screen, major portions of the ultrasound
signal path can be placed in a low power suspend state
until real-time scanning is resumed. This suspend state
would be unnoticed by the operator, to whom the system
would always appear fully active. Such a suspend state
might only last for a period of seconds, but the accumu-
lation of such periods over time can result in a significant
reduction in power consumption and component heat ex-
posure and dissipation. Other elements of the system
might always be maintained in a high degree of readi-
ness, such as a network connection or modem, which
would thus respond to queries at any time of the day or
night.

[0017] The ultrasound signal path may be set to differ-
ent inactive state levels from which it can return to full
operation in a timeframe desired by the system operator.
For instance, processors in the ultrasound signal path
can be set to an idle state in which peripheral devices
controlled or accessed by the processors including the
nonvolatile disk drives servicing the processors are pow-
ered down. The processors and their volatile memory
(RAM) continue to operate normally so that full operation
can be restored almost immediately. In a lower inactive
state, in addition to powering down the peripheral devic-
es, the clock rate of the processors is reduced to a lower
rate during inactive periods. The processors continue to
be energized, as does the volatile memory used by the
processors, which enables their resumption to full oper-
ability in fractions of a second. In an even lower inactive
state the processors themselves are powered down, and
the context, or variable data, of the processors such as
register values, stacks and index values of the proces-
sors are stored in RAM, which remains energized. When
power is restored to the processors a pointer restores
the context of the processor to its state prior to shutdown,
and full operability resumes fairly rapidly. In yet an even
lower inactive state, the processor context is stored in
RAM, and the RAM data is stored in nonvolatile (disk or
semiconductor, e.g., flash) storage. The nonvolatile stor-
age, RAM and processor are then shut down. When op-
eration is resumed the RAM data is retrieved from the
nonvolatile storage, the context of the processor re-
stored, and operation resumes from the point at which it
was interrupted. In a machine as complex as an ultra-
sound system, different processors may have different
inactive state levels, chosen as a function of the roles
played by the various processors and the speed with
which the operator wants the system to return to full op-
eration. If the operator wants the system to return to full
operation in fractions of a second, for instance, the CPU
board OS may set the lowest inactive state for key proc-
essors to be that in which processor clock speed is re-
duced, but the processors and their volatile memory con-
tinue to be energized. If a longer time to resume operation
is acceptable, a lower inactive state would be used. The
sizes of data blocks used by the system is also a consid-
eration. If large blocks of data are needed to configure
the beamformer for scanhead operation and the time
needed to restore the beamformer data from disk is un-
acceptable, the OS can cause the RAM memory of the
beamformer in which the data is stored to be continuously
energized, obviating to restore the data from disk.
[0018] The following drawings illustrate flowcharts for
operating an ultrasound system in accordance with some
of the foregoing considerations and options. These em-
bodiments describe implementations of the present in-
vention by an OS for ease of illustration; however, it will
be appreciated that in a constructed embodiment the in-
vention may be implemented in whole or in part by the
OS, application software, BIOS software, or a combina-
tion thereof. The present invention can also be imple-
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mented in hardware such as by FPGA (field programma-
ble gate array) control in lieu of OS control. As used herein
the term OS refers to any of these approaches. FIGURE
1a illustrates the flowchart of a process for initializing a
default operating state for the ultrasound system. The
default operating state is typically one which an operator
uses most often. If the ultrasound system operator is an
obstetrician, for instance, the default operating state may
be an obstetrical exam with a particular curved array
scanhead. If the ultrasound system operator is a cardi-
ologist, the default operating state may be a cardiac echo
exam with a particular phased array scanhead. The de-
fault operating state would typically be initialized the first
time the operator uses the ultrasound system, although
it can be set or altered at a later point in time. In the
process illustrated in FIGURE 1a, the ultrasound system
is turned on (101) and the CPU board and its OS boot
up (102). The OS in turn causes the ultrasound signal
path to boot up (103). When the ultrasound signal path
is fully operational its functionality is tested (104) to verify
that the system is fully functional, a step which may be
selectively bypassed by the operator. The operator then
uses the user interface to select the default exam type
(105). If the operator is an obstetrician, for example, an
obstetrical exam may be selected. The operator also se-
lects the scanhead to be used for the preferred exam
(106). When all of the necessary parameters of the de-
fault operating state have been selected by the operator,
the ultrasound system, preferably the OS, creates a file
which defines the default operating state, referred to
herein as the "DQuickStart" file.(107). The OS then
stores the DQuickStart file at a storage location from
which it can be retrieved when needed, preferably on
nonvolatile storage media such as disk storage 34. When
the ultrasound system is restarted under several of the
conditions discussed below, the OS retrieves the
DQuickStart file and initializes the ultrasound system for
operation in the predetermined default operating state.
[0019] When a conventional ultrasound system is
turned off, it proceeds through a lengthy process of ter-
minating operations and shutting down modules and
processors. When the power-down process is complet-
ed, generally the only circuit which is active is the battery-
supported chip which maintains the system clock and
calendar. All other circuitry is completely turned off. FIG-
URE 2a illustrates a power-down state of the present
invention from which full operability of the ultrasound sys-
tem may be resumed fairly rapidly. Unlike the conven-
tional power-down sequence, key system circuits contin-
ue to be energized. In FIGURE 2a the OFF button is
actuated (201) and the ultrasound system queries the
operator as to whether the current ultrasound exam is to
be continued when the system is restarted (202). In this
example the operator responds that the current exami-
nation is to be continued. The application data for the
current exam is saved to RAM (203) and the OS powers
down the ultrasound signal path (204). The OS also pow-
ers down the ultrasound system’s peripheral devices or

puts them in a suspend state, including the hard drive
(HD) disk storage 34 (205). The register and stack values
(context) of the CPU are saved to RAM (206) and a flag
is set instructing the CPU to use the saved values when
it is restarted (207). The CPU is then clocked at a low
clock speed (208) to conserve energy.
[0020] The ultrasound system may be restarted from
this state by following the process charted in FIGURE
3a. When the ultrasound system ON button is actuated
(301) the CPU is clocked at its normal clock rate (302).
The peripheral devices including the hard drive are
turned on (303) and power is restored to the ultrasound
signal path (304). The OS checks the restart flag (305)
and finds that it is set to restart from RAM. The register
and stack values of the CPU are restored from RAM (306)
and checked for corrupted data (307). Since the ultra-
sound system may have been left in its inactive state for
a considerable period of time, such as overnight or for
several days or longer, it is prudent to check for data
corruption since the ultrasound system is being relied
upon to provide patient diagnostic information. If corrupt-
ed data is found, a full recovery bootup is performed
(308). If no data corruption is found the data previously
stored for the examination, the application data, and the
scanhead data are restored to the ultrasound signal path
(315). The system is now ready to continue the same
exam that was underway when it was turned off.
[0021] In this and the other quick start sequences de-
scribed below, it is seen that the step (104) of testing full
functionality of the ultrasound signal path is not per-
formed during the rapid restoration of system operability.
That is because such self-testing can be very time-con-
suming, detracting from the desired quick system restart.
However, such functionality testing should be performed
to continually assure accurate system functionality. In an
embodiment of the present invention such functionality
testing is performed at run-time, either as part of mode
transitions, in the background, or when periodic idle or
partially inactive states are encountered such as when
an image is frozen on the screen. Uninterrupted full func-
tionality testing of the ultrasound signal path is performed
automatically on a cold start reboot. At other times such
functionality testing is intermittently conducted by the OS
when such scheduling can be conducted without inter-
ruption of operations commanded by the operator, such
as during the night when the system is not in use. Thus,
safety hazards and risk concerns are abated on a periodic
but continual basis.
[0022] Variations of these processes are possible. In-
stead of powering down the entire ultrasound signal path
(204) the OS may leave some or all of the processors of
the ultrasound signal path in one or more idle states or
low clock speeds, or turn off some of the components
and modules of the ultrasound signal path processors
while leaving others energized. For instance, the volatile
memory holding data for the beamformer may be left in
an energized condition. The OS can do this by command-
ing the signal path power supply 18 by way of the control
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module 1 and the command line 17 to switch power off
to all elements of the ultrasound signal path except the
beamformer RAM. As another alternative, rather than
switching the CPU to a low clock speed, the OS may
issue a command to the CPU power supply 32 over com-
mand line 36 to switch power off to all CPU board com-
ponents except the board’s RAM. While this action would
increase the time required by the system to return to full
operability, it would enable the CPU power supply to op-
erate at an output level of approximately 5 watts or less,
which may be sustained by battery power for an appre-
ciable amount of time.
[0023] FIGURE 2b illustrates a procedure by which the
ultrasound system is "turned off’ to a lower state of read-
iness, requiring more time to be restored to full operability
but exhibiting lower power consumption when "turned
off." After the operator actuates the OFF button (201)
and elects to continue the current examination when the
system is restarted (202), the application data for the
current exam is save to RAM (203), the ultrasound signal
path is powered down (204), the peripheral devices are
powered down (211), and the register and stack values
of the CPU are saved to RAM (206). The data stored in
RAM is saved to nonvolatile disk or semiconductor stor-
age (209) and a flag is set to notify the CPU to start from
the data in nonvolatile storage when operation is re-
sumed. The disk drive and RAM is powered down and
the CPU is switched to a low clock speed. Alternatively,
the CPU may also be powered down as the data needed
on restart is retained in nonvolatile storage. This will re-
quire the CPU to reboot on restart, but will not require
power to be maintained to the CPU while the system is off.
[0024] The ultrasound system may be restarted from
this off state by following the sequence shown in FIGURE
3b. When the ON button is actuated (301) the process
follows the same procedure diagrammed in FIGURE 3 a
up to the point where the restart flag is checked (305).
Here the OS sees that the "Start From Disk" flag has
been set, and consequently the data stored on the hard
drive is restored to RAM (316). The register and stack
values of the CPU are restored (306), and a data corrup-
tion check is performed (307). If no data corruption is
found the examination application data and the scanhead
data are restored (315), and the system is once again
ready to continue the previous exam. As before, varia-
tions are possible such as leaving portions of the ultra-
sound signal path energized and/or operating at selected
idle levels to enable a quicker restart.
[0025] In the previous scenarios the operator has
elected to have the system continue the current ultra-
sound exam when the ultrasound system is restarted.
FIGURE 2c shows one possible scenario when the op-
erator has elected not to continue the same exam on
restart. When the operator makes this election (202, the
system queries whether the same type of examination
as the most recent one is to be used on restart (212). If
the operator routinely uses the ultrasound system for a
particular type of cardiac exam, for instance, the choice

might be made to restart the system for the same type
of cardiac exam as that which has just been completed.
But if the operator wants a different exam the next time
the system is used or is not sure what type of exam will
be performed next by the system, the operator answers
"No", as shown in the drawing. The OS responds by set-
ting a flag for the DQuickStart file (213), powering down
the ultrasound signal path (204), powering down the pe-
ripherals including the hard drive (205), and setting the
CPU to a low clock speed (208). When the system is
restarted the ultrasound system follows the sequence
shown in FIGURE 3c. When the ON button is actuated
(301) the CPU is returned to its normal clock speed (302)
and the hard drive and peripheral devices are turned on
(303). The ultrasound signal path is turned on (304) and
the OS checks the restart flag (305). Upon finding the
DQuickStart flag set, the DQuickStart file is selected from
nonvolatile storage (309) and the previously set default
operating parameters are implemented. The ultrasound
signal path is conditioned for starting the default exam
application (310) and the beamformer is set up to operate
the default scanhead (311) or, if it is unavailable, a scan-
head presently connected to the ultrasound system. The
ultrasound system is now ready to perform the default
exam.
[0026] As in the previous examples, variations of this
scenario may be employed. Instead of switching the CPU
to a low clock speed, the CPU board can be turned off,
as the DQuickStart file is stored in nonvolatile storage;
only the restart flag needs to be maintained. This would
take more time to restart, as the CPU board would have
to be rebooted. As another alternative which would result
in an even faster restart, instead of setting the DQuick-
Start flag during the power-down sequence, the param-
eters of the DQuickStart file could be loaded into RAM
and power to the RAM maintained so that the OS could
immediately implement the DQuickStart application with-
out having to recall the DQuickStart file from storage upon
restart.
[0027] FIGURE 2d shows a sequence of events that
occur when the operator elects to begin the same type
of exam as that which was just completed when the ul-
trasound system is restarted. When the operator makes
this election (212), the OS builds a file called CQuickStart,
which contains parameters of the type of exam just com-
pleted, including the scanhead used (214). The CQuick-
Start file is saved to disk (or, in one of the alternatives
described above, is stored in RAM), and a flag is set for
the CQuickStart file (215). The ultrasound signal path is
powered down (204), the peripherals and hard drive pow-
ered down (205), and the CPU is set to a low clock speed
(208). When the ultrasound system is turned on (301) as
illustrated in FIGURE 3d, the normal CPU clock speed
is resumed (302), the hard drive and peripherals turned
on (303), and the ultrasound signal path is turned on
(304). The OS checks the restart flag and finds that the
CQuickStart flag is set (305). The OS retrieves the
CQuickStart file from disk (or implements it immediately
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if it was stored in RAM) (312), and starts the exam ap-
plication identified by the CQuickStart file (313), including
setting up the beamformer for the scanhead identified by
the file (314). The alternatives applicable to the previous
scenario of FIGURES 2c and 3c are also applicable to
this one.
[0028] As mentioned above, when the OS powers
down different elements of the ultrasound system it will
power them to an idle level which allows them to be re-
turned to full operability in the timeframe required by the
user. Different elements of the ultrasound system may
be set to different idle levels, and these levels may vary
for different users as different users may have different
demands for the time in which the ultrasound system
must restart. The OS will also power down different ele-
ments of the system in consideration of the type of func-
tions they perform, as previously illustrated by the exam-
ple of maintaining power to the beamformer memory.
FIGURE 4 illustrates another example of this. An ultra-
sound system which is externally accessible over a net-
work or modem may need to be available for remote que-
rying at any time. For example, remote diagnostics may
be performed at night when the ultrasound system is not
otherwise in use, as described for instance in U.S. patent
[application serial number 09/534,143, filed 3/23/00]. As
another example, the diagnosing physician may want to
review images stored on the ultrasound system from his
home after the ultrasound lab has closed for the day.
Such a scenario is described in U.S. Pat. 5,851,186. In
these cases, the ultrasound system is essentially "on call"
24 hours a day. In this mode, when the ultrasound system
is turned off at the end of the day, the network interface
or modem may be in a suspend or power-down state,
but still aware of network or phone activity such that it
can be fully active if called. The CPU can be put in a low
power state, or even turned off, so long as it continues
to be responsive to an interrupt from the network or mo-
dem to handle external queries. The CPU itself can be
responsive to such an interrupt in an idle (e.g., low clock
speed) state, or the chipset on the CPU board can be
responsive to such an interrupt and restart the CPU ac-
cordingly. In some cases the BIOS software on the CPU
board can be programmed to handle these interrupts.
[0029] As an example, a physician desires to use his
home computer to view an image acquired the previous
business day by the ultrasound system. The physician
connects to the ultrasound system either through the net-
work connection or modem as shown in FIGURE 4, which
sends an interrupt to the CPU board (401). In the case
where the CPU was powered down to a low clock speed,
the CPU responds to the interrupt by resuming its normal
clock speed (402). In the case where the CPU was turned
off, the CPU board chipset responds to the interrupt by
restarting the CPU. The hard drive and other peripherals
may be turned on (403) if needed to respond to the re-
quest, as they may be required to run Web applications
to respond to an Internet browser. The OS turns on the
memory device where the ultrasound images are stored

(404). In the example of FIGURE 1 the ultrasound images
are stored on an image store 22 connected to the ultra-
sound signal path and the CPU board. The OS then runs
the communications software needed to respond to the
request, such as Web applications software (405). As
described in the aforementioned patent, a Web server
can transmit an image file index to the physician who
selects the image desired. The desired image is then
retrieved from the image memory or disk and transmitted
over the network, modem, or Internet to the physician,
who then views it on the screen of his home computer.
After the communication has ended, the hard drive, im-
age memory, peripherals and CPU can be powered down
again to await the next query in a low power state.
[0030] With the ultrasound system having the ability to
power up and power down the system selectively, a pro-
cedure such as that shown in FIGURE 5 can be employed
to automatically restart the ultrasound system at a pre-
determined time. This allows the ultrasound system to
be shut down when it is not used overnight, but to be
ready for scanning when the ultrasound lab is opened
the next day. At the time the ultrasound system is turned
off, the operator enters a command for the ultrasound
system to restart at a designated time and date. If the
ultrasound lab opens at 8 a.m. the next day, it may be
desirable to have the ultrasound system turn on at 7:45
a.m. and to perform a self-diagnosis at the time so that
the system is fully ready for scanning at 8 a.m. When the
operator turns the ultrasound system off, the selection is
made to restart the system for the default exam or a cus-
tom exam (including the most recently performed exam
as explained above), and the appropriate QuickStart file
is flagged. The system is then shut down to the desired
idle level; in this example, the CPU is switched to a low
clock speed. A timer in the ultrasound system, which may
be implemented on the CPU board, keeps track of the
time and when the appointed start time occurs the timer
sends an interrupt to the CPU board (501). In response
to the interrupt the CPU returns to the normal clock speed
(502), and the OS turns on the hard drive and peripherals
(503). The OS then checks to see whether the a flag is
set for the default exam or a custom exam (504). If the
default exam has been flagged, the ultrasound signal
path is turned on (505) and the DQuickStart file is re-
trieved. The beamformer is programmed for the scan-
head used in the default examination (508) and the de-
fault exam application is set up on the ultrasound system
(510). A full self-test of system functionality may be per-
formed. The ultrasound system is then fully ready for
scanning when the operator arrives to use it.
[0031] When the OS finds that the custom exam flag
has been set, the ultrasound signal path is turned on
(505) and the CQuickStart file is retrieved (507) which
contains the parameters of the exam which the operator
wants to perform first. The beamformer is programmed
for the scanhead of the custom exam (509) and the cus-
tom exam application is set up on the ultrasound system
(511). A full self-test of system functionality may be per-
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formed. Thus, the ultrasound system is ready to use im-
mediately when the ultrasound lab is opened in the morn-
ing without having to leave the system fully powered up
overnight.
[0032] As discussed above, a high performance ultra-
sound system can consume approximately 1000 watts
of power, even when sitting unused. This power con-
sumption will produce a heating effect which must be
dissipated by the lab or hospital’s air conditioning system,
which costs money. Furthermore, the heating of compo-
nents in the system can reduce component life, leading
to degraded system reliability. FIGURE 6 illustrates an
approach to reducing this cost and unnecessary compo-
nent heat dissipation, which is for the ultrasound system
to progressively turn off its modules and subsystems
when it is sitting unused for a period of time. In a preferred
implementation the user is given the opportunity to acti-
vate or deactivate such a progressive shutdown, select
the time which passes before the progressive shutdown
commences, and select the time passages between the
successive steps of the shutdown. The order in which
the various components of the system shut down can
also be changed. In the progressive sequence of FIG-
URE 6 the first element to be shut down is the display
device, which may first be put on standby (601) and, after
a further passage of time, completely powered down. Af-
ter further time the OS powers down the ultrasound sys-
tem peripheral devices such as printers and recorders
(602). After further time, any unsaved exam data and the
register and stack values of the CPU (context) are stored
to RAM (603) and the RAM data saved to disk (604). The
ultrasound signal path is powered down (605) and the
CPU board’s peripherals and hard drive are powered
down (606). Finally the CPU is set to an idle state, in this
example a low clock speed (607). The ultrasound system
is now consuming only a small amount of power, perhaps
5 watts or less, but the CPU, still being energized, can
restart the ultrasound system in a relatively short amount
of time.
[0033] In a variation of the sequence of FIGURE 6, the
OS is continually monitoring the use of the ultrasound
system and turning modules and components off and on
where the situation permits to effect a lower overall power
consumption and component heating. Modules and sub-
systems may be placed into low power states for seconds
and even fractions of seconds where possible to achieve
this. For example, the operator may interrupt real time
imaging to freeze an image on the display screen. Sens-
ing this state, the OS can maintain power to the display
16, the image store 22 where the frozen image is stored,
and that portion of the ultrasound signal path which ap-
plies image display signals to the display such as the
video driver of the system. The transmit and receive
beamformers can be set to an inactive, low power state
at this time, as can the signal and image processing por-
tions of the ultrasound signal path 14, since real time
imaging has been suspended. To the operator, this sus-
pend state is transparent, as the frozen image is main-

tained on the display as the operator has commanded.
This reduces the power consumption and heating of
those subsystems of the ultrasound signal path 14 which
have been placed in the low power state. The 1200 watt
consumption of an ultrasound signal path can be mo-
mentarily reduced to 200 watts, for example. When the
operator unfreezes the image to resume real time imag-
ing, the low power subsystems are restored to full oper-
ability immediately, without any interruption in system op-
erability apparent to the operator. Over time, such peri-
odic reductions in power consumption can reduce the
heating and hence prolong the life of components of the
ultrasound signal path, as well as reduce the air condi-
tioning load imposed by the ultrasound system.
[0034] While such periodic reductions in system power
consumption will reduce thermal emission by the ultra-
sound system, this capability may also be used to reduce
audible emission as well. The noise made by an operating
ultrasound system is the humming of fans used to cool
the electronic components and power supplies. When
the overall power consumption of the ultrasound system
and component heating are reduced, the need for fan
cooling is reduced as well. When individual components,
modules, or subsystems are powered down or turned off
even for short intervals, the fans used to cool them can
be operated at a reduced fan speed or even periodically
turned off. Thus, thermal levels in the ultrasound system
can be monitored by the CPU board OS and the speed
of the cooling fans adjusted when possible. It may be
appreciated that during a 30 minute ultrasound exam,
the system operator may spend half the time changing
operating states, making measurements on frozen im-
ages, talking to the patient, and other non-real-time scan-
ning activities. Advantage can be taken of these circum-
stances by the OS to control the ultrasound system so
that it is fully operational only when required. This can
lead to a reduction in thermal and noise pollution by an
equivalent amount.
[0035] The embodiment of FIGURE 1 is seen to in-
clude a battery backup, an interim power source which
can sustain key elements of the ultrasound system for
periods when a.c. power is not available. This ability to
sustain key elements such as the CPU and RAM even
when the system is not plugged in to its a.c. power source
enables the ultrasound system to be moved and restarted
very quickly to meet the needs of a modem hospital. As
explained at the outset of this patent, it is often necessary
to quickly move an ultrasound system from one area of
a hospital to another to perform a diagnosis in another
department of the hospital as soon as possible. But this
cannot be done when an ultrasound system has to se-
quence through a lengthy shutdown procedure before it
can be turned off and unplugged, and must go through
a lengthy boot-up sequence when restarted at the new
location. The ultrasound system shown in FIGURE 1 by
use of the processes shown in the preceding flowcharts
can be quickly moved without these delays. For example
suppose that the ultrasound system is called to be moved
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from the ultrasound lab to the delivery room in obstetrics
for an immediate scan. The operator can touch the OFF
button, pull the ultrasound system plug 40 from the wall,
and begin to move the ultrasound system to the obstetrics
ward without waiting for any of the shutdown procedure
to occur. When the plug is pulled the ultrasound system
switches to its backup battery power source, and as it is
being moved the ultrasound system will shut itself down
using one of the sequences described above. The ultra-
sound system can shut itself down for a restart to the
default exam (which may in this example be an obstetrical
exam) or to the most recently used exam for instance.
Preferably the ultrasound system under these conditions
will not shut the CPU down completely, but will leave the
CPU and its RAM energized so that the system can be
restarted quickly when it arrives at the obstetrics ward
for the emergency exam. If desired, the OS can be pro-
grammed to respond to a loss of a.c. power during a
shutdown sequence by powering down to a high state of
readiness from which it can be returned to full operability
almost instantly. For example, by sensing the loss of a.c.
power, or sensing the switchover to battery power, or
detecting the lack of operator responses to the queries
posed during shutdown (e.g., restart the same exam?)
the OS would continue to maintain power to all proces-
sors and volatile storage devices (RAM) in the ultrasound
system for as long as sufficient battery power was avail-
able to do so. As another example the ultrasound system
may experience an inadvertent loss of a.c. power, for
instance, if the a.c. power cord is accidentally pulled from
the wall or the circuit breaker for the a.c. line powering
the system trips. In such instances the OS automatically
performs a shutdown such that the current exam is re-
sumed on restart (FIGURES 2a and 3a). Alternatively, if
battery capacity is sufficient, the ultrasound system can
be powered in a fully active state by the battery until the
battery is substantially discharged, at which point a shut-
down is automatically performed. Devices which con-
sume relatively large amounts of energy and do not retain
critical data in volatile storage, such as the display and
the scanhead’s transducer drivers, could be shut down
to conserve battery power while still affording the ability
to restart almost instantly. When the ultrasound system
arrives in the obstetrics ward in the first example, is
plugged in, and the ON button depressed, it is ready for
scanning virtually immediately.
[0036] In an embodiment where the ultrasound system
does not contain battery backup power, some of the
aforementioned delays can still be avoided. For instance,
sufficiently sized capacitors in the power supply system
can retain sufficient energy to sustain an OS shutdown
sequence even in the absence of battery backup. Such
capacitively stored energy could power the CPU board
for the time required to complete an orderly shutdown.
The operator could thus press the OFF button, pull the
a.c. plug from the wall and begin to move the ultrasound
system. The capacitive source would provide power for
shutdown during this time. When the CPU board senses

that a.c. power has been lost prior to completion of a
normal shutdown, the OS can immediately cut power
from nonessential or high power consuming devices such
as the display, transducer drivers, printers and recorders.
The capacitively stored power would then be sustainable
to shut down data components and processors in a rapid
but orderly manner. This shutdown sequence would end
with the complete shutdown of all components in the ul-
trasound system, including the CPU and RAM on the
CPU board.

Claims

1. An ultrasound system (10) with rapid startup capa-
bility comprising:

an ultrasound signal path (14);
memory means for storing context data;
a processor (30), coupled to the ultrasound sig-
nal path and responsive to a system ON or OFF
signal; and
control means running on the processor, for con-
trolling a state of the ultrasound signal path;

characterized in that the control means is respon-
sive to said system OFF signal such that the ultra-
sound signal path is set to different inactive levels
from which it can return to full operation using the
context data in response to the system ON signal.

2. The ultrasound system of Claim 1, wherein the con-
trol means includes a control software that compris-
es operating system software.

3. The ultrasound system of Claim 2, wherein the con-
trol software comprises application software.

4. A method for powering down and up an ultrasound
system comprising an ultrasound signal path (14); a
processor (30), coupled to the ultrasound signal path
and responsive to a system ON or OFF signal; and
control means running on the processor, for control-
ling a state of the ultrasound path, characterized in
that said method comprising the steps of:

a) setting to different inactive levels the ultra-
sound path in response to the system OFF sig-
nal
b) storing context data in memory means; and
c) returning to full operation using the context
data in response to the system ON signal.

5. The method of Claim 4, wherein:

the step of storing context data in a memory
means comprises storing the context data in a
volatile memory; and
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the method further comprising a step of main-
taining power to the volatile memory in response
to the system OFF signal.

6. The method of Claim 4, wherein:

the step b) of storing context data in a memory
means comprises storing the context data in a
nonvolatile storage device.

7. The method of Claim 6, wherein the processor is
operatively associated with a volatile memory and
the nonvolatile storage device; and
wherein the processor acts to store context data of
the volatile memory in the nonvolatile memory.

8. The method of Claim 7, wherein the processor and
volatile memory are powered down after the context
data is stored in the nonvolatile memory.

Patentansprüche

1. Ultraschallsystem (10) mit schneller Anfahrmöglich-
keit, das Folgendes umfasst:

- einen Ultraschallsignalpfad (14);
- Speichermittel zum Speichern von Kontextda-
ten;
- einen Prozessor (30), der mit dem Ultraschall-
signalpfad gekoppelt ist und auf ein Systemein-
schalt- oder Systemausschaltsignal reagiert;
und
- auf dem Prozessor laufende Steuermittel zum
Steuern des Zustands des Ultraschallsignal-
pfads;

dadurch gekennzeichnet, dass das Steuermittel
auf eine derartige Weise auf das Systemausschalt-
signal reagiert, dass der Ultraschallsignalpfad auf
verschiedene inaktive Niveaus gesetzt wird, von de-
nen aus er unter Verwendung der Kontextdaten in
Reaktion auf das Systemeinschaltsignal zum vollen
Betrieb zurückkehren kann.

2. Ultraschallsystem nach Anspruch 1, wobei das Steu-
ermittel eine Steuerungssoftware enthält, die Be-
triebssystem-Software umfasst.

3. Ultraschallsystem nach Anspruch 2, wobei die
Steuerungssoftware Anwendungssoftware umfasst.

4. Verfahren zum Abschalten und Hochfahren eines
Ultraschallsystems mit einem Ultraschallsignalpfad
(14), einem Prozessor (30), der mit dem Ultraschall-
signalpfad gekoppelt ist und auf ein Systemein-
schalt- oder Systemausschaltsignal reagiert, und auf
einem Prozessor laufenden Steuermitteln zum Steu-

ern des Zustands des Ultraschallsignalpfads, da-
durch gekennzeichnet, dass das genannte Ver-
fahren die folgenden Schritte umfasst:

a) Einstellen des Ultraschallpfads auf verschie-
dene inaktive Niveaus in Reaktion auf das Sy-
stemausschaltsignal
b) Speichern von Kontextdaten in Speichermit-
teln; und
c) Zurückkehren zum vollen Betrieb unter Ver-
wendung der Kontextdaten in Reaktion auf das
Systemeinschaltsignal.

5. Verfahren nach Anspruch 4, wobei

- der Schritt des Speicherns von Kontextdaten
in einem Speichermittel das Speichern der Kon-
textdaten in einem flüchtigen Speicher umfasst;
und
- das Verfahren weiterhin einen Schritt des Auf-
rechterhaltens der Stromversorgung für den
flüchtigen Speicher in Reaktion auf das System-
ausschaltsignal umfasst.

6. Verfahren nach Anspruch 4, wobei
Schritt b) des Speicherns von Kontextdaten in einem
Speichermittel das Speichern der Kontextdaten in
einer nichtflüchtigen Speichervorrichtung umfasst.

7. Verfahren nach Anspruch 6, wobei der Prozessor
operativ zu einem flüchtigen Speicher und der nicht-
flüchtigen Speichervorrichtung gehört; und
wobei der Prozessor tätig ist, um Kontextdaten des
flüchtigen Speichers in dem nichtflüchtigen Speicher
zu speichern.

8. Verfahren nach Anspruch 7, wobei der Prozessor
und der flüchtige Speicher nach dem Speichern der
Kontextdaten in dem nichtflüchtigen Speicher abge-
schaltet werden.

Revendications

1. Système ultrasonore (10) avec une capacité de mise
en marche rapide, comprenant:

un trajet de signal ultrasonore (14);
des moyens de mémoire pour stocker des don-
nées de contexte;
un processeur (30) qui est couplé au trajet de
signal ultrasonore et qui est sensible à un signal
"MARCHE" ou "ARRET" du système, et
des moyens de commande qui sont mis en route
sur le processeur pour commander un état du
trajet de signal ultrasonore;

caractérisé en ce que les moyens de commande
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sont sensibles audit signal "ARRET" du système de
telle façon que le trajet de signal ultrasonore soit
réglé à des niveaux inactifs différents à partir des-
quels il peut retourner à la pleine exploitation en uti-
lisant les données de contexte en réaction au signal
"MARCHE" du système.

2. Système ultrasonore selon la revendication 1, dans
lequel les moyens de commande comprennent un
logiciel de commande qui comprend le logiciel d’ex-
ploitation du système.

3. Système ultrasonore selon la revendication 2, dans
lequel le logiciel de commande comprend le logiciel
d’application.

4. Procédé pour la mise hors tension et la mise sous
tension d’un système ultrasonore comprenant un
trajet de signal ultrasonore (14); un processeur (30)
qui est couplé au trajet de signal ultrasonore et qui
est sensible à un signal "MARCHE" ou "ARRET" du
système, et des moyens de commande qui sont mis
en route sur le processeur pour commander un état
du trajet ultrasonore, caractérisé en ce que ledit
procédé comprend les étapes consistant à:

a) régler à des niveaux inactifs différents le trajet
ultrasonore en réaction au signal "ARRET" du
système;
b) stocker les données de contexte dans les
moyens de mémoire; et
c) retourner à la pleine exploitation en utilisant
les données de contexte en réaction au signal
"MARCHE" du système.

5. Procédé selon la revendication 4, dans lequel:

l’étape consistant à stocker les données de con-
texte dans des moyens de mémoire comprend
le stockage des données de contexte dans une
mémoire volatile; et
le procédé comprend encore une étape consis-
tant à maintenir sous tension la mémoire volatile
en réaction au signal "ARRET" du système.

6. Procédé selon la revendication 4, dans lequel:

l’étape b) consistant à stocker les données de
contexte dans des moyens de mémoire com-
prend le stockage des données de contexte
dans un dispositif de stockage non volatil.

7. Procédé selon la revendication 6, dans lequel le pro-
cesseur est associé opérationnellement à une mé-
moire volatile et au dispositif de stockage non volatil;
et
dans lequel le processeur agit de manière à stocker
les données de contexte de la mémoire volatile dans

la mémoire non volatile.

8. Procédé selon la revendication 7, dans lequel le pro-
cesseur et la mémoire volatile sont mis hors tension
après le stockage des données de contexte dans la
mémoire non volatile.
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