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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates generally to medical ul-
trasonic diagnostic systems, and more particularly the
invention relates to a portable ultrasonic diagnostic in-
strument which operates at low power.

[0002] Modem ultrasonic diagnostic systems are
large, complexinstruments. Today’s premium ultrasound
systems, while mounted in carts for portability, continue
to weigh several hundred pounds. In the past, ultrasound
systems such as the ADR 4000 ultrasound system pro-
duced by Advanced Technology Laboratories, Inc., were
smaller desktop units about the size of a personal com-
puter. However, such instruments lacked many of the
advanced features of today’s premium ultrasound sys-
tems such as color Doppler imaging and three dimen-
sional display capabilities. As ultrasound systems have
become more sophisticated they have also become bulk-
ier.

[0003] Disclosed in US Patent No. 5,722,412 is a di-
agnostic ultrasound instrument which exhibits many of
the features of a premium ultrasound system in a hand-
held unit. The instrument can be produced as a single
unit or, in a preferred embodiment, the instrument is a
two part unit: one including a transducer beamformer and
image processor and the other including a display and
power source for both units. In such a configuration the
transducer/processor unit can be manipulated with one
hand while a cable between the two units enables the
video to be shown on the display unit while the latter unit
is held or positioned for optimal viewing of the ultrasound
image. The cable also provides energy for the transduc-
er/processor unit from the display.

[0004] In a preferred embodiment the ultrasound sys-
tem from the transducer to the video output is fabricated
on four types of application specific integrated circuits
(ASICs): a transmit/receive ASIC which is connected to
the elements of an array transducer, a front end ASIC
which performs and controls transmit and receive beam-
forming, a digital signal processing ASIC which provides
processing of the ultrasound signals such as filtering, and
a back end ASIC which receives processed ultrasound
signals and produces ultrasound image data. The image
can be displayed on either a standard monitor or on a
liquid crystal display (LCD). The elements of the unit in-
cluding the ASICs can be fabricated on a single printed
circuit board, thus eliminating the problems convention-
ally posed by connectors and cables. This sophisticated
ultrasound instrument can be manufactured as a hand
held unit weighing less than five pounds (2.3kg).
[0005] Alimitingfactorin portable ultrasonic diagnostic
instruments is the power required for operation. Typically
at least 35 watts of power are required for a digital beam-
forming instrument whereas an analog beamforming in-
strument requires a minimum of 15 watts of power. The
digital beamformer is more precise in performance, but
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the analog to digital and digital to analog signal conver-
sions require considerably more power than the analog
beamformer which requires no conversion and relies on
phase modulation in beamforming.

[0006] The article by Juin-Jet Hwang et al entitled
"Portable ultrasound device for battlefield trauma" pub-
lished in the Ultrasonics Symposium Proceedings of the
IEEE which took place on October 5-8 1998 and pub-
lished in Volume 2, pages 1663-1667 discloses that a
hand-held portable ultrasound device may have an ex-
tended battery life by disabling hardware which is not in
active use in various usage modes.

[0007] The presentinvention is directed to providing a
portable ultrasonic diagnostic instrument, either digital,
analog or hybrid, with reduced power in operation.

SUMMARY OF THE INVENTION

[0008] According to the present invention there is pro-
vided a portable ultrasonic diagnostic instrument and a
method of operating a portable ultrasonic diagnostic in-
strument as claimed in the appended claims.

[0009] In accordance with the invention a portable ul-
trasonic diagnosticinstrument is provided which includes
an array transducer, a beamformer for delaying and com-
bining echo signals received by elements of the array
transducer, signal processing and imaging circuitry for
processing the echo signals, and a display for the proc-
essed echo signals, wherein the instrument operates on
no more than 25 watts of electrical power. In one embod-
iment with an analog beamformer, the instrument oper-
ates on no more than 10 watts of power.

[0010] More particularly, the portable ultrasonic diag-
nostic instrument operates from battery power, and pow-
er control is provided for limiting power consumption in
the instrument to 25 watts for a digital beamformer in-
strument or 10 watts for an analog beamformer instru-
ment. Before operation of the instrument, various modes
of operation are evaluated for required circuit functions,
and other circuit functions are powered down or turned-
off to conserve power. For example, B mode scanning
does not require color power angiography and this func-
tion is turned-off. Similarly, sampling at a lower rate al-
lows the analog to digital function to operate at a lower
frequency thus reducing power consumption. In a sleep
mode, the monitor display intensity can be diminished.
Further, during operation of the instrument, current from
the battery source to the instrument components is mon-
itored, and when the current reaches afirst selected pow-
er limit, first functions in the instrument are altered to
thereby reduce power consumption. For example, that
function can be - the display of processed signals, and
the display can be shifted in mode from active scanning
to a mode selected from freeze and sleep which require
less power. Additionally, un-needed functional blocks
such as color display and 3D display of processed signals
can be turned off. In a digital beamformer instrument,
considerable power is expended in the analog to digital
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conversion of signals from the ultrasound transducers,
and power can be conserved by reducing the clock fre-
quency to the analog to digital converters. Similarly, the
clock frequency to the digital signal processor of the in-
strument can be reduced with attendant power savings.
Thus, power reduction can be effected before instrument
operation and/or during operation.

[0011] Furthermore, current from the battery source is
monitored during instrument operation and first functions
in the instrument operation are altered when the power
consumption has reached a first power limit, and addi-
tional functions when monitored current reaches a sec-
ond power limit whereby instrument operation is altered
in steps. An ultimate threshold can be reached wherein
the instrument operation is terminated entirely until trou-
bleshooting of the instrument for possible failure is com-
pleted.

[0012] The invention and objects and features thereof
will be more readily apparent from the following detailed
description and appended claims when taken with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a functional block diagram of a portable ul-
trasonic diagnostic instrument including a power
monitor and control in accordance with the invention.
Fig. 2 is a graphic illustrating operation of the power
monitor in Fig. 1.

Fig. 3 is a more detailed functional block diagram of
an ultrasonic diagnostic instrument having a digital
beamformer and a power monitor in accordance with
the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0014] Fig. 1isafunctional block diagram of a portable
ultrasonic diagnostic instrument in which the present in-
vention is employed. Ultrasound transducers 1 generate
ultrasonic waves shown generally at 2 and receive re-
flections of the ultrasonic waves. Wave generation and
echo signal processingis accomplished by abeamformer
circuit 3 which interfaces with the transducers 1. Signals
from the beamformer circuit 3 are then passed to a signal
processor 4, and the processed signals are then used to
control a display 5. Electric power for the components of
the instrument is provided by a battery source 6 which
includes a power monitor and control in accordance with
the present invention.

[0015] Heretofore, portable ultrasonic diagnostic in-
struments have been available but have operated at pow-
erlevels exceeding 35 watts. The present invention limits
power consumption to 25 watts for a digital beamformer
instrument and 10 watts for an analog beamformer in-
strument. The digital beamformer instrument has im-
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proved fidelity when compared with the analog beam-
former, but the analog to digital conversion circuits and
amplifiers require considerably more power than does
an analog beamformer. For example, a transducer array
with 100 elements and analog to digital circuits can ex-
pend 64 milliwatts per element or 6.4 watts total just for
the analog to digital conversion. Additionally, a time gain
control (TGC) amplifier also expends approximately 64
milliwatts per transducer which is an additional 6.4 watts.
[0016] In accordance with the invention, selected cir-
cuit functions are powered down or turned-off depending
on the operating mode of the instrument. For example,
for B mode scanning, the Color Power Angio circuitry is
turned-off. For Scan/Transmit without Wide Aperture, the
Synthetic Aperture function is not needed and is turned-
off. Similarly, if a rough image is sufficient during an op-
erating mode, the Frequency Compounding function is
not needed. Two dimensional (2D) mode of operation
does not require any 3D processing. Low frequency car-
diac imaging permits a reduction in Front End (FE) clock
frequency and possibly a reduced frequency for the entire
signal path. Analog to Digital conversion speed can be
reduced and thus save power when data sampling fre-
quency is reduced.

[0017] Accordingly, power is saved by selective use of
instrument circuitry depending on mode of operation of
the instrument.

[0018] Fig.2isagraphillustrating operation of the pow-
er monitor and control in power source 6 of Fig. 1. The
graph illustrates power along the coordinate and time
along the abscissa. In this example it is assumed that
power consumption is to be limited to 15-20 watts during
normal operation and in no event to exceed 25 watts of
power. A first power limit is defined at 15 watts, a second
power limit is defined at 20 watts, and a third power limit
is defined at 25 watts. Assume that during instrument
operation power consumption rises from 10 watts to 15
watts at Point A on the graph. In accordance with one
embodiment of the invention the power monitor and con-
trol 6 in Fig. 1 alters first functions in the instrument, as
described above, and additionally during operation. For
example, when the power reaches Point A (15 watts)
function and operating speed can be further reduced in
order to reduce power consumption. The first functions
can include mode of operation of display 5 with the dis-
play switched from active scanning to a freeze mode.
Since the display is one of the larger consumers of elec-
trical power, the switch of display mode can limit further
increases in power consumption. However, assuming
power consumption continues to rise from 15 watts (Point
A) to 20 watts (Point B), the power monitor and control
will then alter second functions in the instrument opera-
tion to further limit power consumption. These alterations
can include reducing clock frequency to the digital signal
processor and clock frequency to analog to digital circuit-
ry in the beamformer.

[0019] Fig. 3 is a more detailed functional block dia-
gram of an ultrasonic diagnostic instrument having a dig-



5 EP 1180 971 B1 6

ital beamform and further illustrates functions in the in-
strument which can be altered by the power monitor and
control. The instrumentis described in more detail in U.S.
Patent No. 5,722,412.

[0020] In this instrument a transducer array 10 is used
for its solid state, electronic control capabilities, variable
aperture, image performance and reliability. Either a flat
or curved linear array can be used. In a preferred em-
bodiment the array is a curved array, which affords a
broad sector scanning field. While the preferred embod-
iment provides sufficient delay capability to both steer
and focus a flat array such as a phased array, the geo-
metric curvature of the curved array reduces the delay
requirements on the beamformer. The elements of the
array are connected to a transmit/receive ASIC 20 which
drives the transducer elements and receives echoes re-
ceived by the elements. The transmit/receive ASIC 20
also controls the transmit and receive apertures of the
array 10 and the gain of the received echo signals. The
transmit/receive ASIC is preferably located within inches
of the transducer elements, preferably in the same en-
closure, and just behind the transducer.

[0021] Echoes received by the transmit/receive ASIC
20 are provided to the adjacent front end ASIC 30, which
beamforms the echoes from the individual transducer el-
ements into scanline signals. The front end ASIC 30 also
controls the transmit waveform, timing, aperture and fo-
cusing. In the illustrated embodiment the front end ASIC
30 provides timing signals for the other ASICs, time gain
control, and monitors and controls the power applied to
the transducer array, thereby controlling the acoustic en-
ergy which is applied to the patient and minimizing power
consumption of the unit. A memory device 32 is connect-
ed to the front end ASIC 30, which stores data used by
the beamformer.

[0022] Beamformer scanline signals are coupled from
the front end ASIC 30 to the adjacent digital signal
processing ASIC 40. The digital signal processing ASIC
40 filters the scanline signals and in the preferred em-
bodiment also provides several advanced features in-
cluding synthetic aperture formation, frequency com-
pounding, Doppler processing such as power Doppler
(color power angio) processing, and speckle reduction.
[0023] The ultrasound B mode and Doppler informa-
tion is then coupled to the adjacent back end ASIC 50
for scan conversion and the production of video output
signals. A memory device 42 is coupled to the back end
ASIC 50 to provide storage used in three dimensional
power Doppler (3D CPA) imaging. The back end ASIC
also adds alphanumeric information to the display such
as the time, date, and patient identification. A graphics
processor overlays the ultrasound image with informa-
tion such as depth and focus markers and cursors.
Frames of ultrasonic images are stored in a video mem-
ory 54 coupled to the back end ASIC 50, enabling them
to be recalled and replayed in a live Cineloop® realtime
sequence. Video information is available at a video out-
put in several formats, including NTSC and PAL televi-
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sion formats and RGB drive signals for an LCD display
60 or a video monitor.

[0024] The back end ASIC 50 also includes the central
processor for the ultrasound system, a RISC (reduced
instruction set controller) processor. The RISC processor
is coupled to the front end and digital signal processing
ASICs to control and synchronize the processing and
control functions throughout the hand-held unit. A pro-
gram memory 52 is coupled to the back end ASIC 50 to
store program data which is used by the RISC processor
to operate and control the unit. The back end ASIC 50 is
also coupled to a data port configured as a PCMCIA in-
terface 56, This interface allows other modules and func-
tions to be attached to the hand-held ultrasound unit. The
interface 56 can connect to a modem or communications
link to transmit and receive ultrasound information from
remote locations. The interface can also accept other
data storage devices to add new functionality to the unit,
such as an ultrasound information analysis package.
[0025] The RISC processor is also coupled to the user
control 70 of the unit to accept user inputs to direct and
control the operations of the hand-held ultrasound sys-
tem.

[0026] Power for the hand-held ultrasound system in
a preferred embodiment is provided by a rechargeable
battery. Battery power is conserved and applied to the
components of the unit from a power subsystem 80. The
power subsystem 80 includes a DC converter to convert
the low battery voltage to a higher voltage which is ap-
plied to the transmit/receive ASIC 20 to drive the ele-
ments of the transducer array 10.

[0027] The power monitor and control in unit 80 oper-
ates in accordance with the description with reference to
Fig. 2 and controls the operating mode of the LCD display
60 and video circuitry in unit 50 along with the clock fre-
quency of the RISC processor in unit 50 and the clock
frequencies of the VCA and ADC units in beamformer
circuitry 30. The color power and geography function unit
and 3D signal processing of DSP unit 40 are similarly
controlled by the power monitor and control.

[0028] In Fig. 3, power consumption is controlled by
power monitor and control block 80 and master clock
control 90 which are both controlled by the RISC proc-
essor in block 50. The overall signal path depicted in Fig.
3 contains various functional blocks such as the analog
to digital converters (ADC) 34 in block 30, the color power
angio processor 44 in block 40, and the frequency com-
pounding processor 46 in block 40. Each such functional
block may be turned off individually by the power monitor
and control circuit 80. As an example, when the ultra-
sound system is imaging in B-mode only, the color power
angio block 44 is not needed and is turned off.

[0029] In addition to controlling whether functional
blocks are on or off, power monitor and control block 80
controls the bias current supplied to ADC block 34. Lower
frequency operation typically requires less bias current.
Similarly, voltage and current supplied to transmit/re-
ceive block 20 is controlled as appropriate. As an exam-
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ple, superficial imaging typically will require less trans-
mitted power than deep abdominal imaging.

[0030] Power monitor and control block 80 also con-
trols power to LCD display 60, and in particular to the
backlight associated with the LCD display. The display
may be provided with less current (dimmed) to conserve
power.

[0031] Interms of overall system operation, the system
may be in one of several power conservation modes at
any particular time. For example, a full operation mode
may draw the most power, while a "freeze" mode that
allows review of stored images but not active scanning
would draw less power. A sleep mode where the display
and most other functions are disabled would draw even
less power, while a power-off mode would draw no power.
Power monitor and control block 80 controls transitions
between these states based on algorithms executed by
the RISC processor contained in block 50.

[0032] Inthe preferred embodiment, many of the func-
tional blocks described are embedded in Application
Specific Integrated circuits (ASICs) 20,30, 40, and 50 in
Fig. 1. The choice of which functions to integrate on each
ASIC relates to power consumption. For example, the
integration of ADC blocks 34 and delay and sum blocks
36 and 38 are integrated in the same ASIC to conserve
power. Separation of these elements would require high-
er current driver circuitry for communication between
blocks.

[0033] The use of power monitor and control functions
in a portable ultrasonic diagnostic instrument limits power
consumption and enables an instrument operating within
a limited power range. While the invention has been de-
scribed with reference to specific embodiments the de-
scription illustrative of the invention and is not to be con-
strued as limiting the invention. Various modifications
and applications may occur to those skilled in the art with-
out departing from the scope of the invention as defined
by the appended claims.

Claims

1. A method of operating a portable ultrasonic diagnos-
tic instrument having ultrasound transducers (1) for
transmitting and receiving ultrasonic waves, beam-
forming circuitry (3) for focusing transmitted and re-
ceived waves and a battery source (6) of electrical
current for the circuitry, the method comprising the
steps of monitoring power and altering first circuitry
functions when the monitored power reaches a pre-
determined first power limit, the first circuitry func-
tions that are altered depending on the mode of op-
eration of the instrument; and altering second func-
tions in instrument operation when the monitored
power reaches a predetermined second power limit;
the attering steps having the effect of reducing power
consumption.
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2,

The method as defined by claim 1 wherein the in-
strument further includes signal processing circuitry
(4), imaging circuitry for controlling a display of proc-
essed signals, and a display (5) and wherein the first
functions and second functions are selected from
display operation, colour signal processing, 3D sig-
nal processing, clock frequency for analog to digital
signal conversion and clock frequency for data
processing.

The method as defined by claim 2 wherein the step
of attering thefirst circuitry functionsincludes altering
display of processed signals.

The method as defined by claim 3 wherein the dis-
play of processed signals is shifted in mode from
active scanning to a mode selected from freeze and
sleep.

A portable ultrasonic diagnostic instrument compris-
ing:

a) ultrasound transducers (1) for transmitting
and receiving ultrasonic waves,

b) beamforming circuitry (3) for focusing trans-
mitted and received waves,

c) a display (5),

d) battery power (6), and

e) power control (6) for limiting power consump-
tion in the instrument not to exceed 25 watts,
wherein said power control alters one or more
first functions of said portable ultrasonic diag-
nostic instrument when power consumption
reaches a predetermined first power limit and
said power control atters second functions in in-
strument operation when power consumption
reaches a predetermined second power limit.

The portable ultrasonic diagnostic instrument as de-
fined by claim 5 wherein the beamforming circuitry
(3) is digital.

The portable ultrasonic diagnostic instrument as de-
fined by claim 6 wherein the power control (6) reduc-
es clock frequency to analog to digital converter cir-
cuitry in the beamforming circuitry (3) when power
consumption exceeds one of said first and second
power limits.

The portable ultrasonic diagnostic instrument as de-
fined by claim 7 and further including:

f) signal processing circuitry (4) for processing
electrical signals from received waves,

g) imaging circuitry for controlling a display of
processed signals, and

h) a display (5).
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The portable ultrasonic diagnostic instrument as de-
fined by claim 5 wherein the power control (6) blocks
color display and 3D display of processed signals.

The portable ultrasonic diagnostic instrument as de-
fined by claim 9 wherein the power control (6) alters
display of processed signals.

The portable ultrasonic diagnostic instrument as de-
fined by claim 10 wherein the display of processed
signals is shifted in mode from active scanning to a
mode selected from freeze and sleep.

The portable ultrasonic diagnostic instrument as de-
fined by claim 5 wherein the beamforming circuitry
(3) is analog and the power control (6) limits power
consumption to 10 watts.

The portable ultrasonic diagnostic instrument as de-
fined by claim 5, wherein the first and second func-
tions are selected from display operation, color sig-
nal processing, 3D signal processing, clock frequen-
cy foranalog to digital conversion, and clock frequen-
cy for data processing.

Patentanspriiche

1.

Verfahren zum Betreiben eines tragbaren Ultra-
schalldiagnoseinstruments mit Ultraschallwandlern
(1) zum Senden und Empfangen von Ultraschallwel-
len, einer Strahlformungsschaltungsanordnung (3)
zum Fokussieren gesendeter und empfangener
Wellen und einer Batteriequelle (6) eines elektri-
schen Stroms fiir die Schaltungsanordnung, wobei
das Verfahren die Schritte umfasst des Uberwa-
chens von Leistung und des Anderns von ersten
Schaltungsanordnungsfunktionen, wenn die Uber-
wachte Leistung einen vorbestimmten ersten Lei-
stungsgrenzwert erreicht, wobei die ersten Schal-
tungsanordnungsfunktionen, die gedndert werden,
vom Betriebsmodus des Instruments abhangen; und
Andern von zweiten Funktionen beim Betrieb des
Instruments, wenn die Uberwachte Leistung einen
vorbestimmten zweiten Leistungsgrenzwert er-
reicht; wobei die /—\nderungsschritte den Effekt der
Verringerung des Leistungsverbrauchs haben.

Verfahren nach Anspruch 1, wobei das Instrument
ferner eine Signalverarbeitungsschaltungsanord-
nung (4), eine Bildgebungsschaltungsanordnung
zum Steuern einer Anzeige von verarbeiteten Signa-
len und eine Anzeige (5) umfasst und wobei die er-
sten Funktionen und zweiten Funktionen aus Anzei-
gebetrieb, Farbsignalveraz-beitung, 3D-Signalver-
arbeitung, Taktfrequenz fir Analog-Digital-Si-
gnalumsetzung und Taktfrequenz fur Datenverar-
beitung ausgewahlt sind.
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3.

9.

Verfahren nach Anspruch 2, wobei der Schritt des
Anderns der ersten Schaltungsanordnungsfunktio-
nen das Andern der Anzeige von verarbeiteten Si-
gnalen beinhaltet.

Verfahren nach Anspruch 3, wobei die Anzeige ver-
arbeiteter Signale aus dem Modus des aktiven Ab-
tastens in einen Modus ausgewahlt aus Einfrier- und
Ruhemodus umgeschaltet wird.

Tragbares Ultraschalldiagnoseinstrument umfas-
send:

a) Ultraschallwandler (1) zum Senden und Emp-
fangen von Ultraschallwellen,

b) eine Strahlformungsschaltungsanordnung
(3) zum Fokussieren gesendeter und empfan-
gener Wellen,

c) eine Anzeige (5),

d) Batterieleistung (6) und

e) eine Leistungssteuerung (6) zum Begrenzen
des Leistungsverbrauchs im Instrument auf
nicht mehr als 25 Watt, wobei die Leistungs-
steuerung eine oder mehrere erste Funktionen
des tragbaren Ultraschalldiagnoseinstruments
andert, wenn der Leistungsverbrauch einen vor-
bestimmten ersten Leistungsgrenzwert erreicht,
und die Leistungssteuerung zweite Funktionen
beim Betrieb des Instruments &ndert, wenn der
Leistungsverbrauch einen vorbestimmten zwei-
ten Leistungsgrenzwert erreicht.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 5, wobei die Strahlformungsschaltungsan-
ordnung (3) digital ist.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 6, wobei die Leistungssteuerung (6) die Takt-
frequenz flr die Analog-Digital-Umsetzungsschal-
tungsanordnung in der Strahlformungsschaltungs-
anordnung (3) verringert, wenn der Leistungsver-
brauch einen der ersten und zweiten Leistungs-
grenzwerte Uberschreitet.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 7, ferner umfassend:

f) eine Signalverarbeitungsschaltungsanord-
nung (4) zum Verarbeiten elektrischer Signale
von empfangenen Wellen,

g) eine Bildgebungsschaltungsanordnung zum
Steuern einer Anzeige verarbeiteter Signale,
und

h) eine Anzeige (5).

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 5, wobei die Leistungssteuerung (6) eine Far-
banzeige und 3D-Anzeige verarbeiteter Signale
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blockiert.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 9, wobei die Leistungssteuerung (6) die An-
zeige verarbeiteter Signale &ndert.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 10, wobei die Anzeige verarbeiteter Signale
aus dem Modus des aktiven Abtastens in einen Mo-
dus ausgewahlt aus Einfrier- und Ruhemodus um-
geschaltet wird.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 5, wobei die Strahlformungsschaltungsan-
ordnung (3) analog ist und die Leistungssteuerung
(6) den Leistungsverbrauch auf 10 Watt begrenzt.

Tragbares Ultraschalldiagnoseinstrument nach An-
spruch 5, wobei die ersten und zweiten Funktionen
aus Anzeigebetrieb, Farbsignalverarbeitung, 3D-
Sigrtalverarbeitung, Taktfrequenz fir Analog-Digi-
tal-Umsetzung und Taktfrequenz fiir Datenverarbei-
tung ausgewahlt sind.

Revendications

Procédé pour faire fonctionner un instrument porta-
ble de diagnostic par ultrasons ayant des transduc-
teurs (1) d’ultrasons pour I’émission et la réception
d’ondes ultrasonores, un circuit (3) de mise en forme
de faisceau pour focaliser des ondes émises et re-
gues et une source (6) de courant électrique a bat-
terie pour le circuit, le procédé comprenant les éta-
pes de contrdle de puissance et de modification de
premiéres fonctions du circuit lorsque la puissance
contrélée atteint une premiére limite prédéterminée
de puissance, les premiéeres fonctions du circuit qui
sont modifiées dépendant du mode de fonctionne-
ment de l'instrument , et de modifications de secon-
des fonctions pendant le fonctionnement de l'instru-
ment lorsque la puissance contrélée atteint une se-
conde limite de puissance prédéterminée ; les éta-
pes de modifications ayant pour effet de réduire la
consommation d’énergie.

Procédé selon la revendication 1, dans lequel I'ins-
trument comprend en outre un circuit (4) de traite-
ment de signaux, un circuit de formation d’'image
destiné a commander un affichage de signaux trai-
tés, et un afficheur (5), et dans lequel les premiéres
fonctions et les secondes fonctions sont sélection-
nées a partir d’'une opération d’affichage, d’'un trai-
tement de signaux de couleur, d’un traitement de
signaux 3D, d'une fréquence d’horloge pour une
conversion de signaux analogiques en signaux nu-
mériques et une fréquence d’horloge pour un traite-
ment de données.
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3.

6.

9.

Procédé selon larevendication 2, dans lequel I'étape
de modification des premieres fonctions de circuit
comprend une modification de I'affichage de signaux
traités.

Procédé selon la revendication 3, dans lequel I'affi-
chage de signaux traités est modifié d’'un mode a
balayage actif en un mode sélectionné entre un fi-
geage et une veille.

Instrument portable de diagnostic par ultrasons
comportant :

a) des transducteurs (1) a ultrasons pour I'émis-
sion et la réception d’'ondes ultrasonores,

b) un circuit (3) de mise en forme de faisceau
pour focaliser des ondes émises et regues,

¢) un afficheur (5),

d) une alimentation (6) en énergie a batterie, et
e) une commande de puissance (6) pour limiter
la puissance consommeée dans l'instrument afin
gu’elle ne dépasse pas 25 watts, dans lequel
ladite commande de puissance modifie une ou
plusieurs premieres fonctions dudit instrument
portable de diagnostic par ultrasons lorsque la
puissance consommeée atteint une premiére li-
mite de puissance prédéterminée et ladite com-
mande de puissance modifie des secondes
fonctions pendant le fonctionnement de I'instru-
ment lorsque la puissance consommee atteint
une seconde limite de puissance prédétermi-
née.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 5, dans lequel le circuit (3) de
mise en forme de faisceau est numérique.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 6, dans lequel la commande (6)
de puissance réduit la fréquence d’horloge pour un
circuit de convertisseur analogique-numérique dans
le circuit (3) de mise en forme de faisceau lorsque
la puissance consommée dépasse lesdites premiére
et seconde limites de puissance.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 7, et comprenant en outre :

f) un circuit (4) de traitement de signaux pour le
traitement de signaux électriques provenant
d’ondes regues,

g) un circuit de formation d'image pour la com-
mande d'un affichage de signaux traités, et

h) un afficheur (5).

Instrument portable de diagnostic par ultrasons se-
lon la revendication 5, dans lequel la commande de
puissance (6) bloque un affichage en couleurs et un
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11.

12.

13.
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affichage 3D de signaux traités.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 9, dans lequel la commande de
puissance (6) modifie I'affichage de signaux traités.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 10, dans lequel I'affichage de
signaux traités est modifié d’'un mode a balayage
actif a un mode sélectionné entre un figeage et une
veille.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 5, dans lequel le circuit (3) de
mise en forme de faisceau est analogique et la com-
mande (6) de puissance limite la puissance consom-
mée a 10 watts.

Instrument portable de diagnostic par ultrasons se-
lon la revendication 5, dans lequel les premieres et
secondes fonctions sont sélectionnées parmi une
opération d’affichage, un traitement de signaux de
couleurs, un traitement de signaux 3D, une fréquen-
ce d’horloge pour une conversion analogique a nu-
mérique, et une fréquence d’horloge pour un traite-
ment de données.
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