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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to portable ultra-
sound systems with battery backup.

[0002] Intoday's efficiently run hospitals, the portabil-
ity of an ultrasound system enables the system to be
used in more than one lab or department. An ultrasound
system 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
critically ill patients.

The international patent application number WO
00/31563 discloses an ultrasonic diagnostic imaging
system with cordless scanheads. The cordless scan
heads are battery powered by rechargeable batteries
which are recharged by the ultrasonic diagnostic system
when the scanheads are not in use. The international
patent application number WO 96/32888 discloses a
hand-held, battery operated, Doppler ultrasound diag-
nostic device for use in obstetrical applications. Such an
ultrasound diagnostic device comprises a cordless
probe, a base unit and an electric recharging stand. Both
the probe and the base unit are battery operated. The
base unit will recharge its batteries when positioned in
the recharging stand. The probe will recharge its batter-
ies when the probe is positioned in the base unit and the
base unit is positioned in the recharging stand.

[0003] Frequently, medical emergencies will necessi-
tate that the ultrasound system be moved quickly and
the examination commenced at once at the new loca-
tion. An impediment to such speed and convenience is
the necessity to turn off the conventional ultrasound sys-
tem through a time-consuming shutdown sequence be-
fore it can be unplugged and moved. This delay is re-
peated at the new location when itis necessary to power
up the ultrasound system through a complex and time-
consuming boot-up procedure. 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.
[0004] Inaccordance with the principles of the present
invention, an ultrasonic diagnostic imaging system is
described 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 sys-
tem is "turned off." When the system is turned off the
state of the system is minimally preserved in either vol-
atile or nonvolatile memory so that the system can re-
start without having to sequence through an entire boot-
up procedure. In a preferred embodiment the processor
has a battery backup, enabling the processor to remain
active even when the ultrasound system is unplugged
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and being moved. When the ultrasound system arrives
at its destination, diagnosis can begin at once.
[0005] In the drawings:

FIGURE 1 illustrates in block diagram form an ul-
trasonic diagnostic imaging system constructed in
accordance with the principles of the present inven-
tion;

FIGURE 1a illustrates a method for initializing the
ultrasound system of FIGURE 1;

FIGURES 2a-2d illustrate different methods for ef-
ficiently 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.

[0006] Referring first to FIGURE 1, an ultrasonic di-
agnostic imaging system 10 constructed in accordance
with the principles of the present invention is shown in
block diagram form. The components of a typical ultra-
sound voltage is supplied to a signal path power supply
18, which supplies power to the scanhead 12 and ultra-
sound 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 current 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 pow-
eror 220 volt 50 Hz power, for instance, and will respond
to configure the line conditioner to produce the required
48 VDC from either a.c. source. Power factor correction
will cause the ultrasound system to use power more ef-
ficiently by appearing as a more resistive rather than re-
active load to the a.c. power system. The power supply
18 is a DC to DC converter, which supplies a number of
DC voltages for different components and modules of
the ultrasound system. For instance, 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 pow-
ersupply 18 is generally capable of providing 1000 watts
or more of power to a cart-borne ultrasound system.

[0007] Inaccordance withthe 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
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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 in-
cludes a CPU processor 31 (sometimes referred to
herein as the CPU) which may be a microprocessor
such as the microprocessors available from Intel, Ad-
vanced Micro Devices, or Motorola, or a processor of
more limited capability 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) resi-
dent on nonvolatile disk storage 34. The OS is operated
to control various operating aspects of the ultrasound
signal path 14, display 16 and peripheral devices con-
nected to the ultrasound system such as printers and
recorders, as described below. The OS refers to the plat-
form software that tends to housekeeping functions and
provides an interface to launch application software.
Operating  system  software includes DOS,
Windows95-2000, Windows CE and NT, Solaris, and
0S2. Any software that is not an OS and performs a
given task is referred to as application software. Exam-
ples of application software includes word processor
software, spreadsheet software, communication or
analysis software, and the custom software that runs an
ultrasound machine. In the illustrated embodiment the
CPU board is coupled to the ultrasound signal path 14
by way of a control interface shown as control module
15 of the ultrasound signal path 14. When the function-
ality of the CPU board is integrated into the ultrasound
signal path, the need for this interface may be partially
or wholly eliminated.

[0008] The CPU board may be powered by the signal
path power supply 18, however, in the illustrated em-
bodiment 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 con-
verter which converts the voltage level supplied by the
a.c. line conditioner 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 con-
ditioner and is energized in the same manner as the
power supply 18.

[0009] In accordance with another aspect of the
present invention, the ultrasound system includes an
optional battery 50 which provides a backup source of
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power 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 battery can be fully charged whenever the plug 40
is connected to a source of a.c. line voltage. The battery
50 is also coupled to the drive motors of articulation de-
vices, when present, by which movable parts of the ul-
trasound system such as the display 16 and control pan-
el 20 can be raised, lowered, and tilted for the conven-
ience of the operator. This enables the ultrasound sys-
tem's articulated components to be moved and adjusted
even when the system is not plugged into a wall outlet.
[0010] The ultrasound system has connections for a
network and/or modem by which diagnostic information
obtained by use of the ultrasound system can be re-
motely stored or shared with others. The network and
modem connections also enable information from re-
mote sources to be provided to the ultrasound system,
such as electronic mail and reference image libraries as
described in U.S. patents 5,897,498 and 5,938,607. In
the embodiment shown in FIGURE 1 these connections
are made from the CPU board 30, although in a partic-
ular embodiment they may also be made from the ultra-
sound signal path 14.

[0011] 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
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 oth-
er components and subsystems of the ultrasound sys-
tem to be in various suspended states or entirely pow-
ered 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.

[0012] 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 constraints 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 opera-
tion and different 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 controls on itself, even to a state in which the en-
tire system is in a suspend state where it is consuming
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only 5-10 watts or less of power and can thus be main-
tained by battery power for a substantial period of time.
[0013] 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 forinstance, 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 pow-
ered down even for short periods of time such as a few
seconds. Forinstance, when the operator freezes anim-
age on the display screen, major portions of the ultra-
sound signal path can be placed in a low power suspend
state until realtime scanning is resumed. This suspend
state would be unnoticed by the operator, to whom the
system would always appear fully active. Such a sus-
pend state might only last for a period of seconds, but
the accumulation of such periods over time can result
in a significant reduction in power consumption and
component heat exposure and dissipation. Other ele-
ments of the system might always be maintained in a
high degree of readiness, such as a network connection
or modem, which would thus respond to queries at any
time of the day or night.

[0014] The ultrasound signal path may be set to dif-
ferent inactive state levels from which it can return to full
operation in atimeframe 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
powered down. The processors and their volatile mem-
ory (RAM) continue to operate normally so that full op-
eration can be restored almost immediately. In a lower
inactive state, in addition to powering down the periph-
eral devices, 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 operability in fractions of a second. In an even
lower inactive state the processors themselves are pow-
ered down, and the context, or variable data, of the proc-
essors such as register values, stacks and index values
of the processors are stored in RAM, which remains en-
ergized. 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 rap-
idly. 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 storage, RAM and processor are then
shut down. When operation is resumed the RAM data
is retrieved from the nonvolatile storage, the context of
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the processor restored, and operation resumes from the
point at which it was interrupted. In a machine as com-
plex as an ultrasound 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 re-
turn to full operation. 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 processors to be that in which processor
clock speed is reduced, but the processors and their vol-
atile memory continue to be energized. If a longer time
to resume operation is acceptable, alower inactive state
would be used. The sizes of data blocks used by the
system is also a consideration. If large blocks of data
are needed to configure the beamformer for scanhead
operation and the time needed to restore the beamform-
er data from disk is unacceptable, 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.

[0015] The following drawings illustrate flowcharts for
operating an ultrasound system in accordance with
some of the foregoing considerations and options.
These embodiments describe implementations of the
present invention by an OS for ease of illustration; how-
ever, it will be appreciated that in a constructed embod-
iment the invention may be implemented in whole or in
part by the OS, application software, BIOS software, or
a combination thereof. The present invention can also
be implemented in hardware such as by FPGA (field
programmable gate array) control in lieu of OS control.
As used herein the term OS refers to any of these ap-
proaches. FIGURE 1aiillustrates the flowchart of a proc-
ess for initializing a default operating state for the ultra-
sound 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 de-
fault operating state may be an obstetrical exam with a
particular curved array scanhead. If the ultrasound sys-
tem operator is a cardiologist, the default operating state
may be a cardiac echo exam with a particular phased
array scanhead. The default operating state would typ-
ically be initialized the first time the operator uses the
ultrasound system, although it can be set or altered at
alater pointin 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 by-
passed by the operator. The operator then uses the user
interface to select the default exam type (105). If the op-
erator is an obstetrician, for example, an obstetrical ex-
am may be selected. The operator also selects the scan-
head to be used for the preferred exam (106). When all
of the necessary parameters of the default operating
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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 ultra-
sound system is restarted under several of the condi-
tions discussed below, the OS retrieves the DQuickStart
file and initializes the ultrasound system for operation in
the predetermined default operating state.

[0016] 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 bat-
tery-supported chip which maintains the system clock
and calendar. All other circuitry is completely turned off.
FIGURE 2a illustrates a power-down state of the
present invention from which full operability of the ultra-
sound system may be resumed fairly rapidly. Unlike the
conventional power-down sequence, key system cir-
cuits continue to be energized. In FIGURE 2a the OFF
button is actuated (201) and the ultrasound system que-
ries 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 examination 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 powers down the ultrasound system's periph-
eral 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 itis restarted (207). The CPU is then
clocked at a low clock speed (208) to conserve energy.
[0017] 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
ultrasound 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 re-
lied upon to provide patient diagnostic information. If
corrupted data is found, a full recovery bootup is per-
formed (308). If no data corruption is found the data pre-
viously 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
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off.

[0018] 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 operabil-
ity. That is because such self-testing can be very time-
consuming, detracting from the desired quick system re-
start. However, such functionality testing should be per-
formed to continually assure accurate system function-
ality. 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 pe-
riodic idle or partially inactive states are encountered
such as when an image is frozen on the screen. Unin-
terrupted full functionality testing of the ultrasound sig-
nal path is performed automatically on a cold start re-
boot. At other times such functionality testing is intermit-
tently conducted by the OS when such scheduling can
be conducted without interruption of operations com-
manded 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.
[0019] 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 proces-
sors of the ultrasound signal path in one or more idle
states or low clock speeds, or turn off some of the com-
ponents and modules of the ultrasound signal path proc-
essors 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
commanding the signal path power supply 18 by way of
the control module 15 and the command line 17 to
switch power off to all elements of the ultrasound signal
path except the beamformer RAM. As another alterna-
tive, rather than switching the CPU to a low clock speed,
the OS may issue a command to the CPU power supply
32 over command line 36 to switch power off to all CPU
board components 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 pow-
er supply to operate at an output level of approximately
5 watts or less, which may be sustained by battery pow-
er for an appreciable amount of time.

[0020] FIGURE 2b illustrates a procedure by which
the ultrasound system is "turned off" to a lower state of
readiness, requiring more time to be restored to full op-
erability 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 ultra-
sound 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 sem-
iconductor storage (209) and a flag is set to notify the
CPU to start from the data in nonvolatile storage when
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operation is resumed. The disk drive and RAM is pow-
ered 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 non-
volatile storage. This will require the CPU to reboot on
restart, but will not require power to be maintained to the
CPU while the system is off.

[0021] The ultrasound system may be restarted from
this off state by following the sequence shown in FIG-
URE 3b. When the ON button is actuated (301) the proc-
ess follows the same procedure diagrammed in FIG-
URE 3a 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
corruption check is performed (307). If no data corrup-
tion 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 be-
fore, variations are possible such as leaving portions of
the ultrasound signal path energized and/or operating
at selected idle levels to enable a quicker restart.
[0022] 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 previ-
ously set default operating parameters are implement-
ed. 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 scanhead presently connected to the ul-
trasound system. The ultrasound system is now ready
to perform the default exam.
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[0023] 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 stor-
age; 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
DQuickStart flag during the power-down sequence, the
parameters of the DQuickStart file could be loaded into
RAM and power to the RAM maintained so that the OS
could immediately implement the DQuickStart applica-
tion without having to recall the DQuickStart file from
storage upon restart.

[0024] 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 CQuick-
Start, which contains parameters of the type of exam
just completed, including the scanhead used (214). The
CQuickStart file is saved to disk (or, in one of the alter-
natives described above, is stored in RAM), and a flag
is set for the CQuickStart file (215). The ultrasound sig-
nal path is powered down (204), the peripherals and
hard drive powered 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 nor-
mal CPU clock speed is resumed (302), the hard drive
and peripherals turned on (303), and the ultrasound sig-
nal 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 imple-
ments it immediately if it was stored in RAM) (312), and
starts the exam application 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.

[0025] 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 el-
ements of the system in consideration of the type of
functions they perform, as previously illustrated by the
example of maintaining power to the beamformer mem-
ory. FIGURE 4 illustrates another example of this. An
ultrasound system which is externally accessible over a
network or modem may need to be available for remote
querying 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
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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 modem 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 accordingly. In some cases the BIOS
software on the CPU board can be programmed to han-
dle these interrupts.

[0026] 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
network 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 request, as they may be required to run Web ap-
plications to respond to an Internet browser. The OS
turns on the memory device where the ultrasound im-
ages are stored (404). In the example of FIGURE 1 the
ultrasound images are stored on an image store 22 con-
nected to the ultrasound 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 pat-
ent, a Web server can transmit an image file index to
the physician who selects the image desired. The de-
sired image is then retrieved from the image memory or
disk and transmitted over the network, modem, or Inter-
net to the physician, who then views it on the screen of
his home computer. After the communication has end-
ed, the hard drive, image memory, peripherals and CPU
can be powered down again to await the next query in
a low power state.

[0027] With the ultrasound system having the ability
to power up and power down the system selectively, a
procedure such as that shown in FIGURE 5 can be em-
ployed to automatically restart the ultrasound system at
a predetermined time. This allows the ultrasound sys-
tem 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 ul-
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trasound 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 custom exam (including the most recently
performed exam as explained above), and the appropri-
ate 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 ultra-
sound 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). Inresponse 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 retrieved. The beam-
former is programmed for the scanhead used in the de-
fault examination (508) and the default exam application
is set up on the ultrasound system (510). A full self-test
of system functionality may be performed. The ultra-
sound system is then fully ready for scanning when the
operator arrives to use it.

[0028] 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-
formed. Thus, the ultrasound system is ready to use im-
mediately when the ultrasound lab is opened in the
morning without having to leave the system fully pow-
ered up overnight.

[0029] Asdiscussed 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 sys-
tem, which costs money. Furthermore, the heating of
components in the system can reduce component life,
leading to degraded system reliability. FIGURE 6 illus-
trates an approach to reducing this cost and unneces-
sary component heat dissipation, which is for the ultra-
sound system to progressively turn off its modules and
subsystems when itis sitting unused for a period of time.
In a preferred implementation the user is given the op-
portunity to activate or deactivate such a progressive
shutdown, select the time which passes before the pro-
gressive shutdown commences, and select the time
passages between the successive steps of the shut-
down. The order in which the various components of the
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system shut down can also be changed. In the progres-
sive sequence of FIGURE 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, com-
pletely powered down. After further time the OS powers
down the ultrasound system peripheral devices such as
printers and recorders (602). After further time, any un-
saved 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.

[0030] In a variation of the sequence of FIGURE 6,
the OS is continually monitoring the use of the ultra-
sound system and turning modules and components off
and on where the situation permits to effect a lower over-
all power consumption and component heating. Mod-
ules and subsystems 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. Sensing this state, the OS can maintain
power to the display 16, the image store 22 where the
frozenimage is stored, and that portion of the ultrasound
signal path which applies image display signals to the
display such as the video driver of the system. The
transmit and receive beamformers can be set to an in-
active, low power state at this time, as can the signal
and image processing portions of the ultrasound signal
path 14, since real time imaging has been suspended.
To the operator, this suspense state is transparent, as
the frozen image is maintained on the display as the op-
erator has commanded. This reduces the power con-
sumption and heating of those subsystems of the ultra-
sound signal path 14 which have been placed in the low
power state. The 1200 watt consumption of an ultra-
sound signal path can be momentarily reduced to 200
watts, for example. When the operator unfreezes the im-
age to resume real time imaging, the low power subsys-
tems are restored to full operability immediately, without
any interruption in system operability apparent to the op-
erator. Over time, such periodic 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 conditioning load imposed by the
ultrasound system.

[0031] While such periodic reductions in system pow-
er consumption will reduce thermal emission by the ul-
trasound system, this capability may also be used to re-
duce 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 sup-
plies. When the overall power consumption of the ultra-
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sound 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 measure-
ments on frozen images, talking to the patient, and other
non-real-time scanning activities. Advantage can be
taken of these circumstances 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.

[0032] 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 di-
agnosis in another department of the hospital as soon
as possible. But this cannot be done when an ultrasound
system has to sequence 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 from the ultrasound lab to
the delivery room in obstetrics for an immediate scan.
The operator can touch the OFF button, pull the ultra-
sound 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 ultrasound
system can shut itself down for a restart to the default
exam (which may in this example be an obstetrical ex-
am) or to the most recently used exam for instance. Pref-
erably 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 oper-
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ability almost instantly. For example, by sensing the loss
of a.c. power, or sensing the switchover to battery pow-
er, 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
processors and volatile storage devices (RAM) in the
ultrasound system for as long as sufficient battery power
was available to do so. As another example the ultra-
sound system may experience an inadvertent loss of a.
c. power, for instance, if the a.c. power cord is acciden-
tally 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 resumed on restart (FIGURES 2a and
3a). Alternatively, if battery capacity is sufficient, the ul-
trasound system can be powered in a fully active state
by the battery until the battery is substantially dis-
charged, at which point a shutdown is automatically per-
formed. Devices which consume relatively large
amounts of energy and do not retain critical data in vol-
atile storage, such as the display and the scanhead's
transducer drivers, could be shut down to conserve bat-
tery power while still affording the ability to restart almost
instantly. When the ultrasound system arrives in the ob-
stetrics ward in the first example, is plugged in, and the
ON button depressed, it is ready for scanning virtually
immediately.

[0033] In an embodiment where the ultrasound sys-
tem does not contain battery backup power, some of the
aforementioned delays can still be avoided. For in-
stance, 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 or-
derly 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 imme-
diately cut power from nonessential or high power con-
suming devices such as the display, transducer drivers,
printers and recorders. The capacitively stored power
would then be sustainable to shut down data compo-
nents and processors in a rapid but orderly manner. This
shutdown sequence would end with the complete shut-
down of all components in the ultrasound system, in-
cluding the CPU and RAM on the CPU board.

Claims
1. An ultrasound system comprising:
an ultrasound signal path and controller(14);

an a.c. power supply (40, 42) having an input
and an output;
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a power supply path (18) having an input cou-
pled to the output of the a.c. power supply (40,
42) and an output coupled to provide a DC en-
ergizing potential for the ultrasound signal path
and controller (14); and

an energy storage device (50) coupled to the
power supply path (18) to provide a DC ener-
gizing potential to the ultrasound signal path
and controller (14) when the a.c. power supply
(40, 42) is inoperable,

characterized in that said ultrasound system fur-
ther comprises a processor (30) which controls a
shutdown sequence to power down the ultrasound
signal path (14) in response to an OFF command;
and in that said energy storage device (50) pro-
vides power to said processor (30) during the shut-
down sequence when said a.c. power supply (40)
is inoperative.

The ultrasound system of Claim 1, wherein the ca-
pacity of the energy storage device (50) is chosen
in relation to the time and energy required to exe-
cute the shutdown sequence.

The ultrasound system of Claim 2, wherein the en-
ergy storage device (50) provides power to the
processor (30) when energizing potential for the a.
c. power supply is inadvertently disconnected from
the a.c. power supply.

The ultrasound system of claim 1, wherein the en-
ergy storagedevice(50) is a capacitive device.

The ultrasound system of claim 1, wherein the en-
ergy storage device (50) is a battery.

The ultrasound system of Claim 5, wherein said bat-
tery (50) provides power to at least a portion of the
ultrasound signal path (14) when the a.c. power
supply (40,42) is inoperative.

A method for powering down an a.c. powered ultra-
sound system comprising:

turning off at least a portion of an ultrasound
signal path;

disabling a source of a.c. power; and
maintaining battery backup power to a proces-
sor which is responsive to a command to re-
store the ultrasound signal path to an opera-
tional state.

The method of Claim 7, wherein maintaining further
comprises maintaining the operability of operating

system software on the processor.

The method of claim 7, further comprising storing
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context information.

Patentanspriiche

1.

Ultraschallsystem, das Folgendes umfasst:

einen Ultraschallsignalpfad und Controller (14);
eine Wechselspannungsversorgung (40, 42)
mit einem Eingang und einem Ausgang;
einen Energieversorgungspfad (18), dessen
Eingang mit dem Ausgang der Wechselspan-
nungsversorgung (40, 42) verbunden ist und
dessen Ausgang so verbunden ist, dass er eine
Speisegleichspannung fir den Ultraschallsi-
gnalpfad und Controller (14) liefert; und

einen Energiespeicher (50), der mit dem Ener-
gieversorgungspfad (18) verbunden ist, um
dem Ultraschallsignalpfad und dem Controller
(14) eine Speisgleichspannung zuzufihren,
wenn die Wechselspannungsversorgung (40,
42) nicht betriebsbereit ist,

dadurch gekennzeichnet, dass das genannte Ul-
traschallsystem ferner einen Prozessor (30) um-
fasst, der eine Abschaltsequenz steuert, um den Ul-
traschallsignalpfad (14) in Reaktion auf einen Be-
fehl AUS abzuschalten; und dass der genannte En-
ergiespeicher (50) den genannten Prozessor wah-
rend der Abschaltsequenz mit Energie versorgt,
wenn die genannte Wechselspannungsversorgung
(40) nicht betriebsbereit ist.

Ultraschallsystem nach Anspruch 1, wobei die Ka-
pazitat des Energiespeichers (50) in Bezug auf die
fur die Ausfiihrung der Abschaltsequenz erforderli-
che Zeit und Energie gewahlt wird.

Ultraschallsystem nach Anspruch 2, wobei der En-
ergiespeicher (50) den Prozessor (30) mit Energie
versorgt, wenn das Energiepotenzial fir die Wech-
selspannungsversorgung unbeabsichtigt von der
Wechselspannungsversorgung getrennt wird.

Ultraschallsystem nach Anspruch 1, wobei der En-
ergiespeicher (50) ein kapazitives Bauelement ist.

Ultraschallsystem nach Anspruch 1, wobei der En-
ergiespeicher (50) eine Batterie ist.

Ultraschallsystem nach Anspruch 5, wobei die ge-
nannte Batterie (50) mindestens einen Teil des Ul-
traschallsignalpfades (14) mit Energie versorgt,
wenn die Wechselspannungsversorgung (40, 42)
nicht betriebsbereit ist.

Verfahren zum Abschalten eines mit Wechselspan-
nung betriebenen Ultraschallsystems, das Folgen-
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des umfasst:

Ausschalten mindestens eines Teils eines Ul-
traschallsignalpfades;

Deaktivieren einer Wechselspannungsquelle;
und

Aufrechterhalten von Batteriereserveenergie
fir den Prozessor, der auf einen Befehl zur
Wiederherstellung des Ultraschallsignalpfades
in einen Betriebszustand reagiert.

Verfahren nach Anspruch 7, wobei das Aufrechter-
halten ferner das Aufrechterhalten der Funktions-
tlchtigkeit von Betriebssystemsoftware in dem Pro-
zessor umfasst.

Verfahren nach Anspruch 7, das ferner das Spei-
chern von Kontextinformationen umfasst.

Revendications

Systeme a ultrasons comprenant :

un module de signaux ultrasonores et un con-
troleur (14) ;

une source d'alimentation alternative (40, 42)
présentant une entrée et une sortie ;

un module d'alimentation (18) présentant une
entrée connectée a la sortie de la source d'ali-
mentation alternative (40, 42) et une sortie con-
nectée pour fournir une tension d'excitation
continue pour le module de signaux ultrasono-
res et le contréleur (14) ; et

un dispositif d'accumulation d'énergie (50) con-
necté au module d'alimentation (18) pour four-
nir une tension d'excitation continue au module
de signaux ultrasonores et au controleur (14)
lorsque la source d'alimentation alternative (40,
42) ne fonctionne pas, caractérisé en ce que
ledit systéme a ultrasons comprend en outre un
processeur (30) qui commande une séquence
d'arrét pour mettre hors tension le module de
signaux ultrasonores (14) en réponse a une
commande d'arrét (OFF), eten ce que ledit dis-
positif d'accumulation d'énergie (50) fournit de
I'énergie audit processeur (30) pendant la sé-
quence d'arrét lorsque ladite source d'alimen-
tation alternative (40) ne fonctionne pas.

2. Systéme a ultrasons selon la revendication 1 dans

lequel la capacité du dispositif d'accumulation
d'énergie (50) est choisie en fonction du temps et
de I'énergie requis pour exécuter la séquence d'ar-
rét.

Systéme a ultrasons selon la revendication 2 dans
lequel le dispositif d'accumulation d'énergie (50)
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fournit de I'énergie au processeur (30) lorsque la
tension d'excitation pour la source d'alimentation al-
ternative est déconnectée par inadvertance de la
source d'alimentation alternative.

Systéme a ultrasons selon la revendication 1 dans
lequel le dispositif d'accumulation d'énergie (50) est
un dispositif capacitif.

Systéme a ultrasons selon la revendication 1 dans
lequel le dispositif d'accumulation d'énergie (50) est
une batterie.

Systéme a ultrasons selon la revendication 5 dans
lequel ladite batterie (50) fournit de I'énergie a au
moins une partie du module de signaux ultrasono-
res (14) lorsque la source d'alimentation alternative
(40, 42) ne fonctionne pas.

Procédé de mise hors tension d'un systéeme a ultra-
sons alimenté en courant alternatif comprenant les
étapes suivantes :

mettre hors circuit au moins une partie d'un mo-
dule de signaux ultrasonores ;

couper une source d'alimentation alternative ;
et

continuer a fournir une alimentation de secours
par batterie a un processeur qui peut réagir a
une commande visant a remettre le module de
signaux ultrasonores dans un état opération-
nel.

Procédé selon la revendication 7 dans lequel le fait
de continuer a fournir une alimentation comprend
en outre le fait de maintenir le caractére opération-
nel du logiciel de systéme d'exploitation sur le pro-
cesseur.

Procédé selon la revendication 7 comprenant en
outre la mémorisation d'informations liées au con-
texte.
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