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LOW POWER PFORTABLE ULTRASONIC
DIAGNOSTIC INSTRUMENT

This patent application claims the benefit of Provisional Patent

Application Serfal No. 60/132,358, filed May 3, 1999,
BACKGROUND OF THE INVENTION

This invention relates generally to medical ulirasonic diagnostic systems,
and more particularly the invention relates to a portable ultrasonic diagnoslic instrument
which operates &t law power.

Modern ultrasonic diagnostic systems are large, complex instruments,
Today's premium ulirasound systems, while mounted in carts for portabifity, continue to
weigh several hundred pounds. In the past, ultrasound systems such as the ADR 4000
ultrasound system: produced by Advanced Technalogy Laboratories, Ing., were smaller
desktop units about the size of a personal computer. However, such instruments lacked
many of the advanced features of today's premium ultrasound systems such as color
Dioppler imaging and three dimensional display capabilities. As ultrasound systems have
become more sophisticated they have zlso become bulkier.

Disclosed in Patent No. 5,722,412 is a diagnostic ultrasound instrument
which exhibits many of the features of a premium ultrasound system in a hand-held unii.
The instrument can be produced as a single unit or, in 2 preferred embodiment, the
insteument is a twe part unit ene including a ransducer beamformer an image processor
and the other including 4 display and power source for both units. In such a configuration
the transducer/processor unit can be manipulated with one hand while a cable berween the
twp units enabies the video to be shewn on the display wnit while the latter unit is held or
positioned for optumal viewing of the ultrasonnd image. The cable also provides energy
for the transducer/processor unit from the display.

In a preferred embodisent the ulirasound system from the iransducer 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

transduser, a front end ASIC which performs and controls transntit and receive
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beamforming, a digital signal processing ASIC which provides processing of the
ulirasound signals such as filtering, and 1 back end ASIC which receives processed
ultrasound signals and produces ultrasound image data. The imags can be displayed on
either a standard moniter or on a liguid crystal display (LCD). The elements of the unit
including the ASIC can be fabricated on a single printed crzouil board, thus eliminating
the problems conventicnzlly pesed by connectors and cables, This sophisticated
ulirasound instrument can be manufactured 25 a hand held umt weighing less than five
pounds.

A limiting factor in portable ultrasonic diagnostic instruments is the power
required for operation. Typically at least 33 walts of power are required for digital
beamforming instrument whereas an analog beam forming instrument requires a minimum
of 13 watts of power. The digital beamformer is more precise in performance, but the
analog to digital and digital to analog signal convessians require considerably more pawer
than the analog beamformer which requires no conversion and relics an phase modulation
in beamforming.

The present invention is directed to providing a portable ultcasonic

diagmostic instrument, ejther digital, analog or hybrid, with reduced power in operation.

SUMMARY OF THE TNVENTION

In accordance with the invention a portable ultrasonic diagnostic
instrument is provided which includes an atray transduces, a beamformer for defaying and
combining echo signals received by elements of the array transducer, signal processing
and imaging circuitry for processing the echo signals, and a display for the processed
echo signals, wherein the instrament operates on no more than 25 watts of electrical
power. In onc embodiment with an analog beamformer, the instirumeni operates on no
more than 10 watts of power.

Maore particularly, the portable ultrasenic diagnostic instrument operates
from bartery power, and power contrel is provided for limiting power consumption in the
instrument o 25 watts for a digital beamformer instruroent or 10 watts for an znalog
beamformer instrument. Before eperation of the instrument, various modes of operation
are evaluated for reguired cireuit functions, and other circuit futtetions are powered down
ot terned-off to conserve power. For example, B mode scanning dees not require color

power angiography and this function is tumed-off. Similarly, sampling at 2 lower rate
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3
allows the analog to digital function to aperate at a lower frequency thus reducing power
consumplion, In a sleep mode, the monitor display inlensity ca be diminished. Further,
during pperation of the instrurnent current from the battery source to the instrument
components is monitored, and when the current reaches a first selected power limit, first
fungtions in the instrament are altered to thereby reduce power consumption. For
example, 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, wn-needed functional blocks such as color display and 3D display
of processed signals can he tumed off. [n a dipital beamformer instrument, considerable
power i expended in the analog to digitel conversion of signals from the uitrasound
transducers, and power can be censerved by reducing the clock frequency to the analog lo
digital converters. Similarly, the clock frequency to the digital signal processor of the
instrument can reduced with attendant power savings. Thus, power reduction can be
effected before instrument operation and/or during operation.

In an alicroative embodiment, carrent from the battery source is monttored
during instrument operation and first functions in the instrument operation are altered
when the pewer consumplion has reached a first power limir, and additional functicns
when monitored current réaches a second power limit whereby instrument operation is
altered in steps. A ultimalte threshold can be reached wherein the instrument operation is
terminated entirely until troubleshooting of the instrument for possible failure is
completed.

The invention and objeets and features thereof will be more readily
apparent from the following detailed deseription and appended claims when taken with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a functional block diagram of & portable ultrasonic dizgnostic
instrument including a power monitor and control in accordance with the invention.

Fig. 2 is 2 graphic illustrating operation of the power monitor in Fig. 1.

Fig 3 is a more detailed functional block diagram of 2 ultrasonic
diagnostic instrument having a digital beamformer and a power meonitor in ascordance

with the invention.
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DETAILED DESCRIFTION OF ILLUSTRATIVE EMBODIMENTS

Fig. 1 is a functional block diagram of a portable ultrasanic diagnostic
instrument in which the present invention is employed. Ultrasound transducers 1
generate ultrasonic waves shown generally at 2 and receive reflections of the ultrasonic
waves. Wave generation and echo signal processing is accomplished by a beamformer
¢ireuit 3 which interfaces with the transducers 1. Signals from beam{ormer 3 are then
passed to a signal processor 4, and the process signals are then used to eontrol a display 5.
Electric power for the componemss of the instnanent provided by z batiery source 6 which
includes 4 power monitor and contro!l in accordance with the present invention,

Heretofore, portable ulirasonic diagnostic instruments have been availahle
but have operated a1 power fevels exceeding 35 watts. The present invention limits power
consurpplion to 23 watts for 2 digitzl beamformer instrument and 10 watts for an analog
beamformer instrument. The analog heamformer instrument has improved fidelity when
comparcd with the analog beamformer, but the analog to digital conversion circuits and
amplifiers require considerably more power than dogs an analog beamformer. For
example, a ransducer array with 100 elements and analog to digital circuits can expand
&4 milliwates per elemant or 6.4 watts total just for the analog to digital conversion.
Additionally, a time gain control {TGC) ampiifier alse expends approximately 64
milliwatts per transducer which is an additional 6.4 watts.

Tn accordance with the invention, selected circuit functions ave powered
down or tumed-off depending on the operating mede of the insirument. For cxamgple, for
B mode scanninig, the Color Power Angio eircuitry is tumed-off. For Sean/Transmit
without Wide aperture, the Synthetic Apesture function is not needed and is mmed-off.
Similarly, if a rough image is sufficient during an operating mode, the Frequency
Compounding function is not needed. Two dimensional (20} mode of operation does not
require any 3D processing. Low frequency cardiac imaging permits # reduction in Front
End (FE) ciock 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 frequency is reduced.

Accordingly, power is saved by selective usc of instrument circuitry
depending on mode of operation of the instrument.

Fig. 2 is a graph illustrating operation of the power moniror and contwrol in

pewer sowrce § of Fig. 1. The graph illustrates power along the coordinate and time along

JP 2004-500146 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(16)

WO 00166001 PCT/USQ0A2176

5
the abscissz. In this example it is assumed that power consumption is to be limited to 15-
20 waits during normal cperation and in no event 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 wans te 15 watts at Point A on the graph. In accordance with
one embaodiment of the invention the power monitor and control 6 in Fig. 1 alters first
functions in the instruments, s described above, and additionally during operation. For
example, when the power reaches Point A {15 watts} function and operating speed ¢an be
further reduced in order to reduce power consumption. The first fanctiens can include
mode of operation of display 5 with the display switched from active scanning to a frecze
mede. Since the display is one of the larger consumers of elecirical power, the switch of
display mods can limit further increase in power consumption. However, assuming
power consumption continues o Hse from 15 watts (Paint A) to 20 wans (Foint BY, the
power monitor and contrel will then aller second functions in the instrument operation to
further fimit power consumption. These allerations can include reducing clack frequency
to the digital signal processor and clock frequency to analoy ta digital circuiiry in the
heamformer.

Fig. 3 i5 a mere detailed fenctional black diagram of = ultrasonic
diagnostic instrument having a digitsl beamnform and further illusirates functions in the
instrument which can be zltered hy the power monitor and control. The instrument is
described in more detail in U.5. Patent Mo. 5,722,412, which is incorporated hersin by
reference. In this instnument a transducer array 10 is used for a solid state, lectronic
contro! capabilities, variable aperture, image performance and reliabiliry. Either a flat or
curved linear array ¢an b e used. In a preferred embodiment the array is a curved array,
which aifords a broad sector scanning field. While the preferred embodiment provides
sufficient delay capability ta both steer and focus a flat array such as a phased artay, the
geometric curvature of the curved armay reduces the delay requirements on the
beamformer. The elements of the array are connected o a transmitTeceive ASIC 20
which drives the transducer elements and reccives cchoes received by the elements. The
transmitireceive ASIC 30 alse controls the transmit and reccive spertures 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 sane enclosure, and

just behind the transducer.
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Echoes received by the iransmit/receive ASIC 20 are provided to the
adjacent front end ASIC 30, which beamforms the echoes from the individual transducer
elements into scanline signals. The front end ASIC 30 also controls the transmit
waveform, timing, aperture and focusing. In the illustrated embodiment the front end
ASIC 30 provides timing signals for the other ASTCs, ime gain control, and moniters and
controls the power applied to the transducer array, thereby controlling the acoustic energy
which is applied to the patient and minimizing power consumption of the unit. A
memaory device 32 is connected 1o the front end ASIC 30, which stores data used by the
beamformer.

Beamformer scanline signals are coupled from the front end ASIC 30 ie
the adjacent digital signal processing ASIC 40. The digital signal processing ASIC 40
filters the scanline signals and in the preferred embodiment also provides several
advanced features including synthetic aperture formation, frequency compounding
Dappler processing such as power Doppler (color power angia) processing, and speckle
reduetion.

The ultrasound B mede and Doppler information 15 then ¢oupled to the
adjacent back end ASIC 50 for scan ¢onversion and the production of video ourput
sigoals. A memory device 42 is coupled to the back end ASIC 50 to provide storage used
in three dimensional pawer Doppler (3D CPA) imaging. The back end ASIC also adds
alphanumeric information to the display such as the time, date, and palient identification.
A graphics processor overiays the ulirasound image with information such as depth and
focus markers and cursors. Frames ol ulirasonic images are stored in 2 video memory 54
coupled to the back end ASIC 50, enabling them to be recalled and replayed in.alive
Cineloop® realtime sequence. Video information is available at a videe output in several
farmats, including NTSC and PAL television formats and RGB drive signals for an LCD
display 60 or a video monitor.

The back end ASIC 50 also includes the central procossor for the
ultrasound sysiem, a RISC (reduced instruction set controller) processor. The RISC
processor s soupled to the front end and digital signal processing ASICs to control and
synchronize the processing and control fimetions throughout the hand-held unit. 4
program memary 52 1s coupled o the back end ASIC 50 to store program data which is
used by the RISC processor 1o operate and control the unit. The back end ASIC 56 is also

coupled to a data port configured as a PCMCTA interface 56, This intcrface allows other

JP 2004-500146 A 2004.1.8
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modules and functions to be attached to the hand-held ultrasound unit. The interface 56
can cornect to a modem or communications Hnk to transmit and recetve ultrasound
information from remete locations. The interface can accept other data storage devices to
add new functionality 1o the unit, such as an ultrasound information analysis package.

The RISC processor is also coupled to the user controls 70 of the unit to
accept user inputs to direct and control the operations of the hand-held ultrasound system.

Power for the hand-helid ultrasound system in a preferred embodiment is
provided by u rechargeable battery. Baltery power is conserved and applied to the
components of thg unit from a power subsyster 80. The power subsysiem §¢ includes a
DC converter to convert the low baftery voltage to a higher voliage which is applied to
the Transmutireceive ASIC 20 to drive the elements of the transducer array 10.

The power monitor and control in unit 80 operates 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 frequency of the RISC processor in
unit 50 andd the clock frequencies of the VCA and ADC units in heamformer circuitry 30.
The color power and geography function unit and 3D signal processing of DSP unit 40
are similarly conirolled by the power monitor and contrel.

In Fig. 3, power consumption is controlled try power momilor and control
block 89 and master clock control 90 which are both controlled by the RISC processor n
hlock 50. The overall signal path depicted in Fig. 3 contains various functional blocks
such as the analog to digital converters {ADC) 34 in bicck 30, the color power angic
progeasor 44 in biock 40, and the frequency compounding processar 46 in block 40. Each
such functional block may be turned off individually by the power moniter and control
circuit §0. As an example, when the vlirasound systeim is msaging in B-mode only, the
color power angio block 44 is not needed and 15 tumed off.

Lo addition to controlling whether functional blocks are an or off, power
meonitor and control block 80 controls the hias current supplied to ADC block 34, Lower
frequency cperation typically requires less bias current. Similarly, voltage and current
supplizd to transmmt/receive block 20 1s contrelled as appropriate. As an exampie,
superiicial imaging typically will require less transmitted power than deep abdermnal

imaging.
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Power monitor and control biock 80 also controls power to LCD display
60, and in particular to the backlight associated with the LCD display. The display may
bhe provided with iess current (dimmed) to conserve power.

I terms of overall sysiem operation, the systerm 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 slored images but
not active scanning would draw less powsr. A sleep mode where the display and most
uther functions are disabled would draw even less power, while a power-off mode would
draw na power. Power meaitor and control block 88 controis transitions betwecen these
states based on algorithms executed by the RISC processor contained in block 50

In the preferred embediment, many of the functional blocks described are
embedded in Application Speeific Intcgrated circuits {(ASICs) 20,30, 40, and 50 in Fig. 1.
The choice of which funictions to mtegrate on each ASIC relales to power consumption.
Faor example, the imegration of ADC blocks 34 and delzy and sum blacks 36 and 38 are
integrated in the same ASIC 10 conserve power. Separation of these elements wouid
require higher current driver cirenitry for communicartion between blocks.

The use of power monitor and conirol functions in a portable ultrasonic
diagnostic instrument limits power conswmption and enables an instrwnent operating
within a limited power range. While the invention has been descabed with reference to
specific etabodiments the description illustrative of the inventien and is not to be
construed as Hmiting the invention. Various modifications and applications may oscur to
those skilled in the art without departing from the true spirit and scope of the invention as

defined by the appended claims.
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WHAT IS CLAIMED IS:

1 Ln a pertable ultrasonic diagnostic instrument having nltrasound
transducers for transmitting and receiving ulirasonic waves and beamforming circuitry for
facusing transmitted and received waves, a method of cperating the instrument at a
reduced power consumption tevel comprising the steps off

a) providing a battery source of electiieal current for clrevitry in the
instrument, and

h) selecting altering circuitry fimetions depending on mode of

operation of the instrument thereby reducing power consumption

2. The method as defined by claim | wherein step b} is performed

before instrument cperation.

3 The method as defined by claim 2 whercin step b) is performed

alsc during lostument operation.

4. The method as defined by claim 2 wherein the instrument further
includes signal processing circuitry, imaging circuitry for controlting a display of

processed signals, and a display.

s. The method as defined by claim 4 wherein step b) includes altering
display of processed signals.

6. The method as defined by claim 5 wherein the display of processed

signals s shifted in mede from active scanning to 2 mode selected from freeze and sleep.

7 The method as defined by claim 4 wherein step b) further includes

turning off un-needed functional biocks.

8. The method as defined by claim 7 wherein un-needed functional
blocks includes color display and 3D display of processed signals.

9. The methed as defined by claim 4 wherein step b) further includes

reducing clock frequency for at least one fimetional unit.

JP 2004-500146 A 2004.1.8
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10. The method as defined by claim 9 wherein the at least one

functional unit includes analog to digital signal conversion.

11, The method as defined by claim 9 wherein the a1 least ane

functicnal unit includes 2 data processor.

12, The method as defined by claim | wherein step b) further includes
altering second functions in instrument operation when monitored current indicates the

power consumption has reached a second power limit.

13.  Themethod as defined by claim 12 wherein first functions and
second functions sekected [rom display operation, color signal processing, 3D signal
processing, ¢Jock frequency for analog 1o digital signal canversion, and clock frequency

for data processing.

14. A portable ultrasonic diagnostic instrument comprising:

a) ultrasound transducers for transmithing and receiving vltrasonic
waves,

b) beamnforming circuitry for focusing transmitted and received
waves,

<) a display,

f) battery pawer, and

d) powsr control for limiting power consumption m the instrument

not 1o exceed 25 waits.

15, The portable ultragonic diagnostic instrument as defined by

claim 14 wherein the beamforming circuitry is digital.

16.  The poriable vltrasonic diagnostic instrument as defined by
claim 15 wherein the power control reduces clock frequency to enaloyg to digital converter

cirouitry in the beamformer when power consumption exceeds a first limit.

7. The partabie ultragsonic diagtiostic instrument as defined by
claim 16 and further including:
) signal processing cireuitry for processing electrical signals from

received waves,

JP 2004-500146 A 2004.1.8
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f) imaging circuitry for controlling a display of processed signals, and
g a display.

18 The portable ultrasonic diagnostic instrument as defined by
claim 13 wherein the power cantrol blocks color display and 3D display of processed
signals,

19, The portable ultrasonic diagnostic instrument as defined b claim 18

whersin power contral slters display of processed signals.

20.  The portable ultrasonic diagnostic insirument as defined by
claim 19 wherein the display of processed signals is shifted in mode from active scanning

to a mode selected from freeze and sleep.

2L The portable ultrasonic diagnostic instrument as defined by
claim 14 wherein the beamforming circuitry is analog and the power cantrol limits power

consumplion to 10 watts.

22, The portable ultrasonic diagnostic instrument as defined by
claim 21 wherein power contrel limits one or more funclions when power consumption

reaches a fiost level.

2], The portable ultrasonic diagnostic instrument as defined by
claim 22 wherein the one or more functions include display operation, color signal
processing, 3D signal processing, clock frequency for analog to digital conversicn, and

clock frequency for data processiog.

24. A portable ultrasonic diagnostic instrament comptising:

an array transducer,

abeamformer for delaying and combining echo signals received by
elements of the array wansducer,

signzl processing and imaging cireuitry for processing the echo signals,
and

adisplay for the processed signals, wherein the instrument operales on no

more than 25 watts of ¢lectrical power.

JP 2004-500146 A 2004.1.8
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25, The instrument as defined by claim 24 wherein the beamformer is

digital.

25.  The instrument as defined by claim 24 wherein the beamformer is

analog, wherein the instrument operates on no more than 10 watss of elecirical power.

JP 2004-500146 A 2004.1.8
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LOW POWER PORTABLE ULTRASONIC
DIAGNOSTIC INSTRUMENT

This patent application claims the benefit of Provisional Patent

Applicetion Serial bo. 60/132,558, filed May 3, 1599.
BACKGROUND OF THE INVENTION

This invention relates generally to medical wltrasonic diagnostic systems,
and more particularly the invention relates to a portzhle ultrasonic dingnostic instnument
which operates at low power.

Modcrn ulirasenic diagnostic systems are large, complex mstruments.
Teoday’s premium ulirasound 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 produced by Advanced Technology Laboratories, lnc., were smaller
desktop units about the size of a personal computer. However, such instruments lacked
many of the advanced featuras of teday’s premium ultrusound systems such as color
[roppler imaging and three dimensional display capabilities. As ultrasound systems have
become more sephisticated they have also became bulkier,

Disclosed in Patem No. 5,722,412 is 2 diagnostic ultrasound instrument
which exhibits many of the features of a premium ultrasound system in » hand-held unit.
The insrument can be produced as a single unit or, in a preferred embodiment, the
inetrument is @ two part unit one including a transducer beamformer an image processor
and 1he other including a display and power source for bath units. In such a configuration
the transducer/processor unit can be manipulated with one hand while a cable between the
twa units enabtes the video to be shown on the display unit while the latter unit is held or
posisoned for optimal viewing of the ulirasound image. The cable also provides energy
for the transducer/processor unit from the display.

In a preferred embodiment the ultrasound system from the transducer to
the video qutput is fabncated on four types of application specific integrated circuits
(ASICs): & transmitireceive ASIC which is connected to the elements of an arcay

tranaducer, a front end ASIC which performs and conirols transiit and receive

JP 2004-500146 A 2004.1.8
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beamfonming. a digital signal processing ASIC which pravides processing of the
nltrasound signals such as filtering, and a back end ASIC which receives processed
ulrrasound signals and produces ulirasound image data. The image can be displayed on
cither a slandard monitor or on a liquid crystal display (LCD)Y. The elemenis of the unit
including the ASIC can be fabricated on 2 single printed cireuit board, thus climinating
the problems conventionally posed by connectors and cables. This sophisticated
ultrasound instrument can be manufactured as » hand held unit weighing less than five
pounds.

A limiting factor in portable ultrasonic diagnastic instruments is the power
tequired for aperation. Typicaliy at least 33 watts of power are required lor digital
beamforming instrurent whereas an ansalog beamforming msirument reguires a minimum
of 13 watts of power. The digila] heamformer is more precise in performance, bul the
analog to digital and digitai 10 analog siynal conversians raquire considerably more power
thar the analog beamformer which requires no conversion and relics an phase modulation
in beamforming,

The present invention is directed to providing a portable ultrasonic

diagnestic instrument, either digital, analog or hybrid, with reduced power in operation.

SUMMARY OF THE INVENTION

In accordance with the invention a portable ultrasonic diagnastic
mstrument is provided which includes an array transduccr, a beamformer for delaying and
comhbining echo signals received by elements of the array transducer, signal processing
and imaging circuitry for processing the echo signals, and a display for the processed
echo signals, wherein the instrument operates on no more than 25 wats of electrical
power. Inonc embodiment with an analog beamformer, the instrument cperates on oo
morc than 1 watts of power.

Mere particularly, the portable ulirasoric diagnostic instrument operates
from battery power, and power control is provided for limiting power consumption in the
instrument to 25 watts for a digital beamformer instrument or 10 watts for an analog
beemformer instrument. Before operation of the instrumment, various mades of operation
are evaluated for required circuit functions, and other circuit fmetions are powered down
or lumed-off 1o conserve power. For example, B meds scanning doses not reguire color

power angiography and this function is turned-ofl. Similarly, sampling at a lower rate
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3
allows the analeg te digiral function to operate at & lower frequency thus reducing power
consumption. In a sieep wode, the monitor display intensity can be diminished. Further,
during speration of the instrument curment fram the batrery source to the instrament
compenents is monitored, and when the curcent reaches 4 first sclected power Limit, first
funetons in the instrument are altered to thereby reduce power consumption. For
example. function can be the display of processed signals, and the display can be shifted
in mede [rom active scanning 1o a mode selected from freeze and sleep which regquire Jless
pewor. Additonaily, un-needed fimctional blocks such as color display and 3D display
of processed signals can be tumed off. Tn a digital bearmfonmer instrument, considerable
power 15 expended in the analog to dizital conversion of signals from the uitrasound
transducers, amd power can be conserved by reducing the elock frequency to the analog to
digilal converters. Similarly, the clock frequency to the digital signal processor of the
instrument can reduced with atiendant power savings. Thus, power reduction can be
effeeted before instrument operation and/or during operation.

In an altemative embodiment, current from the battery source is monitored
during instrument operation and first functions in the instrument operation are allered
when the power consumption has reached a first power limit, and additional functions
when momtored current reaches a second power limit whereby instrument operation is
altered in steps. An ultimate threshold can be reached wherein the instrument operation is
tertninated entizely until troubleshooting of the instrument for possible failure is
completed.

The invention and objects and features thereof will be more Teadily
appacent [rom the following detailed description and appended claims when taken with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a functional block diagram of a portable ultrasonic dagnostic
instrument including a powsr monitr and control in accordance with the invention.

Fig. 2 is a graphic illustrating operation of the power moniter in Fig. 1.

Fig. 3 is a more detailed functional block diagram of a ultrasenic
diagnostic instrument having a digital beamformer and a power mositer in accordance

with the invention.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Fig. 11s a functional block diagram of a portable ultrasonic diagnostic
instrument in which the presemt invention is cmployed. Ultrasound transducers 1
generate ultrasonic waves shown generally at 2 and receive reflections of the uftrasonic
waves. Wave generalion and echo signal processing is accomplished by a beamformer
circuit 3 which interfaces with the transducers 1. Signals from beamformer 3 are then
passed to a signal processor 4, und the process signals arc then used 1o control u display 5.
Electnic power for the components of the instrument provided by a battery source 6 which
includes @ power menitar and contral in accordance with the present invention.

Heretafore, partable ulirasonic diagnostic instruments have been available
but have operated at power levels cxcerding 35 waus. The present invention limits power
conswmplion fo 25 walts for a digital beamformer instrument and 10 walts for an analeg
beamnformer instrument. The analog beamformer instrument has improved fidelity when
compared with the analog bearmformer, but the analog to digital conversion circuits and
amplifiers require considerably more power than does an analog hearformer. For
example, a transducer array with 100 elenents and analog to digital cireuits can expand
&4 milliwatts per element or &.4 walis total just for the analog to digital conversion.
Additionally, & time gain control (TGC) amplifier also expends approximately 64
milliwatts per iransducer which is an sdditional 6.4 wats.

T accordance with the invention, selected circuit functions are powered
down or turned-off depending on the operaling mode of the instrument. For example, for
B mode scanming, the Color Power Angio circuitry is umed-ofl. For Scan/Transmit
without Wide Aperture, the Synthetic Aperture function is not needed and is tumed-off.
Similatly, af a rough image is sufficient during an operating mode, the Frequency
Compounding lunction is not needed. Two dimensional (2D) mode of operation does not
requirc any 3D processing. Low frequency cardiac imaging permits a reduction in Front
End (FE) clock frequency and possibly & reduced fiequency for the entire signal path.
Analog to Digital conversion speed can be reduced and thus save power when data
sampling frequency is reduced.

Accardingly, power is saved by selective use of instrument circuitry
depending on maode of operation of the instrument.

Fig. 215 a graph illustrating operation of the power menitor and control in

power source 6 of Fig. 1. The graph illustrates power alopg the coordinale and lme along
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the abscissa. In this example it is asswmed thul power consuraption is o be limited o 13-
20 wans during nermal opgration and ia no event exceed 25 watts of power. A first
power limit is defingd at L5 watls, a second power limit is defined at 20 warts, and a third
power limit is defined at 25 watls. Assume that during instrument operatien power
consumption rises from 10 wans to 15 walts at Point A on the graph. In accordance with
one embodiment of the invention the power monitor and control 6 in Fig. 1 alters first
functions in the instruments, as described ubove, and additionally during operation. For
cxample, when the power reaches Point A {15 watts) funetion and operating speed can be
further reduced in order to reduce power consumption. The ficst functiens can include
mode of operation of display 3 with the display switehed from active scanning to a frecze
mode. Since the display is one of the larger consumers of electrical power, the switch of
display mode can Emil (urther increase in power consumption. However, assuming
power consumption centinues to rise from 135 wutts (Point A) to 20 watts (Peint B), the
power monttor and contrel will then alier seconé fugctions in the instrument operation to
further limit power consumption. These alterations can include reducing clock frequency
to the digital signal processor and clock frequency to analog to digital cireuitcy in the
bearnfermer.

Fig. 3 is 2 more detailed {unctional block diagram of a ultrasonic
diagnostic instrument having 2 digital beamform and further illustrates functions in the
iastrument which can be aliered by the pewer monitor and control. The instrument is
described in more detail in U.S. Patent No. 5,722,412, which is incorporated hevein by
reference. In this instrument a transducer array 10 is uscd for a solid state, clectronic
control capabilitics, variablc aperture, image performance and reliability. Either a flat or
curved lingar array can b ¢ used. In a preferred embodiment the array is & curved array,
which affords a broad secter scanning field. While the preferred embodiment provides
sulficient delay capability to both steer and focus = flat array such 2s a phased array, the
geometric curvature of the curved array reduces the delay requirements or the
beamformer. The elements of the array are connected to a transmit'zeceive ASIC 20
which drives the wansducer elements and receives echoes received by the elements. The
transmivieceive ASIC 30 also controls the transmit and recetve aperiures of the array 16
and the gain of the received echo signals. The transmivreceive ASIC is preferably
located within inches of the transducer elements, preferably in the sume enclosure, and

just bebind the transducer.
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Echoes received by the ransmittecetve ASIC 20 are provided to the
adfacent front end ASIC 30, which beamforms the echoes from the individual transducer
elements inta scaniine signals. The front end ASIC 30 also controls the transmit
waveform, tming, apenure and focusing. In the iHlustrated 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, thoreby controlling the acoustic energy
which is applied to the patient and minimizing power consumption of the unit. A
memary device 32 is connected to the front end ASIC 30, which stores data used by the
beamformer.

Beamformer scanline signals are coupled from the frone end ASIC 30 to
the adjacent digital signa! processing ASIC 40. The digital signal processing ASIC 40
filters the scanline signais and in the preforred embodiment also provides several
advanced fratures including synthetic aperture formation, frequency compounding.
Doppicr processing such as power Doppler (celor power angie) processing, and speckle
reduction.

The uitrasound B mede and Doppler information 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
i three dimensional powsr Doppler (3D CPA) imaging. The back end ASTC alse adds
alphanumeric information to the display such as the itme, date, and paticnt identification.
A graphics processor overlays the ultrasound image with information such us depth and
focus markers and cursors. Frames of ultrasonic images ate stored in a video memory 54
coupled to the back end ASIC 50, cnabling them to be recalled and replayed in a Jive
Cineloop® realtime sequence. Video information is available at a video output in several
formats, including NT5C and PAL television formats and RGB drive signals for an LCD
display 60 or a video monitor.

The hack end ASIC 50 aiso includes the cenfral processer for the
ultrasound system, a RISC {reduced instruction set controller) processor. The RISC
processer s coupled to the front end and digital signel proccssing ASICs te control and
synchronize the processing and control functions throughout the hand-held anit. A
program memory 52 is coupled to the back end ASIC 50 ta store program data which is
used by the R15C processor to operate and contro! the unit. The back end ASIC 58 is also

coupled to a data port configured as a PCMCIA nterface 56, This interface allows other
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7
modules and functions to be attached to the band-held ultrasound unit. The interface 56
can connect 1o a medem or communications link to transmit and receive ultrasound
information frem remote locations. The interface can accept other data storage devices to
add new functionality to the unil, such as an ulitasound information analysis package.

The RISC processor is also coupled to the user contrals 70 of the unit to
accept user inputs to direct and control the operations of the hand-held ultrasound system.

Power for the hand-teld ultrasound systern in a preferred embodiment is
provided by 4 rechargeable baitery. Battery power is congerved and applied 10 the
components of the unit from a power subsystem 30. The power subsystem 830 includes a
DC converter to convert the low battery veltage to a higher voltage which is applied to
the transmit'receive ASIT 20 to drive the elements of the rransdueer array 10.

The power moniter and control in unit 80 operates in accardance with the
description with reference 1o Fig, 2 and conlrols the operating mode of the LCD display
60 and video circoitry inunit 50 alang with the clock frequency of the RISC pracessar in
umt 50 and the clock frequencics of the VCA and ADC units in beamformer circuitry 3.
The color power and geography function unit and 3D signal processing of DSE unit 40
are similarly contrelled by the power moeniter and contral.

In Fig. 3, pewer consumption is controlled by power moniter and control
block 83 and master cleck contrel 90 which are both controlled by the RISC processor in
block 30. The overall signal path depicted in Fig. 3 contains various functional blocks
such as the analeg to digital converters {ADT) 34 in block 36, the color power angio
processar 44 in block 40, and the frequency compounding processor 46 in block 40. Each
such functionzl block may be turned off individually by the power monitor and contrat
circuil §0. As an example, when the ultrasound sysiem is imaging in B-mede only, the
color power angio block 44 is not needed and is turned off,

In addition to controlling whether functionaf blocks ave on or off, power
manitor and controt black 80 controls the bias current supplied 10 ADC block 34, Lower
frequency operation typically requires less bias current. Similarly, veltage and current
supplied to ransmit/receive block 20 is controlled as appropriate. As an example,
superficial imaging typically will require less transmitted power than deep shdominal

imaging.
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Power monitor and contrel block 80 also eonirals power w LCD display
60, and in particular lo the backlight associated with the LD display. The display may
be provided with less cumrent {dimmed) to conserve pawer.

Is terms of overall system operation, the system may be in one of several
power conservation modes at any particular ime. For example, & full operation mode
may draw the mast power, while a “frecze” mode that zllows review of stored images but
not active scanning would draw less power. A sleep imode where the display and most
other functions are disabled wonid draw even less power, while a power-o{f mode wouid
draw no power. Power monttor and control biock 80 controls transilions between these
states based on algorithims executed by the RISC pracessor contained in block 50.

In the preferred embodiment, many of the functional blocks described are
embedded in Application Specific Integrated circutts (ASICs) 20,30, 40, and 50 in Fig. 1.
The cheice of which funclions o inlegrate on each ASIC relates to powsr consurnption.
For example, the integration of ADC blecks 34 and delay and sum blocks 36 and 38 are
integrated in the same ASIC to conserve power. Separation of these elements would
requite higher current driver circuitry for communication between blocks.

The us¢ of power monttor and control functions in 2 poriable ultrasonic
dizgnoste instrument limits power censumption and enables an instrument operating
within a limited power range. While the invention has been described with reference to
specific embodiments the deseription illustrative of the invention and is not 1o be
construed as limiting the invention. Varjous modifications and applications may ocent to
those skilled in the arl without departing from the true spirit and scope of the invention as
defined by the appended claims.
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WHAT (5 CLAIMED 1S:

i In 2 partable ultrasonic diagnostic instruntent having ultrasound
transducers for transmitting and receiving ulrasonic waves and beamfarming circuitry for
focusing transmitted and received waves, a method of aperating the instrument at &
reduced power consumption leve! comupusing the steps of:

a providing & battery source of electrical current for circuitry in the
Instrument, and

t) sclecting altering circuitry functions depending on mode of

operation of the instmment thereby reducing power consumption.

2 The method a5 defined by ¢laim | wherein step b) is performed

before instrument operation.

3. The method 2s defined by claim 2 wherein step b) is performed

also during instrament operation.

4. The method as defined by claim 2 wherein the (nstrument further
includes signal processing circuitry, imaging eircuitry for controlling a display of

processed signals, and a display.

5. The method as defined by claim 4 wherein step b) includes altering
display of processed signals.

[ The method a5 defined by claim § wherein the display of processed

signals is shifted in mode from active scanning to a mode selected from freeze and sleep.

R The method as defined by claim 4 wherein step b) further includes

turning off un-needed fiunctional biocks.

8. The methad as defined by claim 7 wherein un-needed functional

blocks includes color display and 3D display of processed sipnals.

9. The method as defined by claim 4 wherein step b) further includes

reducing clock fraquency for at least one fimctionat unit.

JP 2004-500146 A 2004.1.8
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10.  The method as detined by claim 9 wherein the at least one

funetional unit includes analog ta digital signal conversion,

1. The method 2s defined by claim 9 wherein the at lzast one

functional unit includes a data processor.

12, The method as defined by claim 1 wherein step b) further includes
altering secand funetions in instrument operation when monitored current indicates the

power consumption has reached a second power limit.

13, The method as defined by elaim 12 whersin first functions and
sceond functions selected from display operation, color signal processing, 3D signal
processing, clock frequency for analog to digital signal conversion, and clock frequency

for data processing.

14. A portable ultrasenic diagnostic instrument comprising:

a) ultrasound transducers for transmitting and receiving uitrasonic
Waves,

) beamforming circuitry for focusing ransmitted and received
WEVES,

c) a dispiay,

£ battery pawsr, and

d) power control for limiting power consumption in the insqument

not to exceed 25 waits.

15.  The portable ultrasonic diagnostic instrurent as defined by

claim 14 wheremn the beamforming circuitry is digital.

16.  The portable ultrasonic diagnostic instrument as defined by
claim 15 wherein the pewer contral reduces clock frequency to analeg to digital converier

ciruitry in the beamformer when pawer consumption exceeds a first Limit.

i7.  The parlable ultrasonic diagnostic instrument as defined by
elaim 16 and further inciuding:
e) stgnal processing circuitry for processing electrical signals from

received waves,

JP 2004-500146 A 2004.1.8
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f imaging circuitry for controlling a display of processed signals, and
g adisplay.

18, The portable ulirasonic diagnostic instrument as defined by
clgim 13 whereit the power conlrol blocks color display and 3D display of processed
signals.

19, The portable ulrasonic diagnostic instrumenl as defined b claim 18

whersin pewer contro! aliers display of processed signals.

20.  The pertable ultrasonic diagnostic instnwnent as defined by
claim 15 wherein the display of processed signzls is shifted in meds from active scanning

to a mode selected from freeze and sleep.

2L, The portable ultrasonic diagnostic instrument as defined by
claim 14 wherein the beamforming circuitry is analog and the power comtre! limits power

consumption & 1¢ watts,

22, The portable ultrasonic diagnestic instrument as defined by
claim 21 wherein power contrel limits one or more functions when power consumption

reaches & first Jevel.

23, The portable ultrasonic diamostic instrumens as defined by
claim 22 wherein the one or more functions include display operation, color signal
processing, 3D signal processing, clock frequency for analog to digital conversior, and

clock frequency for data processing.

24, A portable ultrasonic diagnestic instrument comprsing:

an array transducer,

a bearnformer for delaying and combining echo signals received by
etements of the array transducer,

sigmal processing and imaging circnitry for processing the echo signals,
and

a display for the processed signals, wherein the instrument epetates on no

more than 25 waits of electrical power.
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25 The instrument as defined by claim 24 wherein the beamformer 1s

digital.

26.  The instrument as defined by claim 24 whercin the beamformer is

analog, wherein the mstrument operales on no mare than 10 walts of electrical power.
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