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C (Stefan Schmitz : 96/01/02)
C (63T : 96/01/02 HC 77 2 M Vpp 7 dUXL)
[ (3T : 97/10/15 HEBIRIZ &5 TEEMREL)
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s in interleaf; made sofutlink there:
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[D Other-Features—mps_calc)
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[2) a_max[1] vyes yes % L%
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6 b ves ves yes B E—BEFN
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1+2) &7 :a avg (freq, cye) Bfa max (freq, cye)
a_avg (freq, cyc) [11=E_pa_ac[W] . E_pa_el[W] E%xik
¥ pa ac[¥]  Wpa el[W] {fThhERFIEE)
ORUSE (ang. freq. tx, loc. aped. f¥. eyelzDWT)
O (ang, tx, loc, apod. f#., voltod)
=NNAREETEESR
a max (freq, cyc} [1]1=V min ac[W] .~ W min el[W]
OFE (ang. freq. tx. loc. aped. ff, cyciz D)
D (ang. tx. loc. apod. f*. volt®d)
pa_aclu J] =RIEENENNAIXNFE [n]]
=0.01 % PII [z J/en™2] % x eebw[mm] # vy eebw[mm]
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ac-cony a(freq)
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@)ﬂﬁﬁﬁ&ﬁ§$E—Aﬁ:3D?—7w

0 z_el LOy(freq, angle) freq  angle
F)ﬁﬁﬁ—bﬁn&%—&b:aD?—7w

[ b(freq, angle) / 1.5 freq angle
4) Isppa C-factor

: C freq  angle tx apod  volt

[5) MI C-factor

; C freq  angle tx apod  volt
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struct PmsMeasCFactorlsm

isppaCFactor;
miCFactor;
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struct PmsMeasSubValuesIsm
{

Float acoustPulseAveConv;

Float acoustPulseMaxConv;

Float elevFocusMm;

Float elevMinBwidthMm;

Float elevEffAperFactor;

Float azimBFactor;

Float aximEffAperFactor;

//PMS data C factor values

{( both from the AcglsmDataStruct.h file )
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ﬁtruct PmsMeasValuesIsm

——

(26)

//PMS data values

[ Float acoustPulseAvegConv;

0 Float acoustPulseMaxConv;

[ Float elevFocusMm;

[ Float elevMinBwidthMm;

Float elevEffAperFactor;

: Float aziumBFactor;

: Float aximEffAperFactor;

[ Float isppaCFactor;

: Float miCFactor;
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ﬁtruct PmsMeasGridlsm //PMS grid definition

ﬂ

0 Float outputCarrierFreqMhz;

c Float usLineAngleDeg;

[ Float xmtFocusDepthMm;

[ Int baseApodId;

. Float cycleCount;

Float xmtVppV;

[}:
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(Stefan Schmitz : 94/01/31)

(AT = 97/05/06)

(AT : 97/10/16 rel 2.5@7H®z=0Iz DWW TIsptaZi{k)

(#%) : 98/04/07 to/people/pms¥/dev/spcale; put under SCCS was in

interleaf; made sofutlink there:
Systemb—Acuson—adia—Scanning-specs—
Other-Features—mps_calc)
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[S’FC:

[ 1) Isppa_t

: 2) Ml

LTC

4) Ispta_t
5) TIS, TIB, TIC

[
[
l . .

6) dT skin, dT air
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1) Isppa t[¥/cn?]
[Isppa_t[W/cm2]=100 % max overz [ c_sppall] % ( ¥.3 pa_acoust[W],~
[ A_ee_bean[mn?] ) ]
[Afeefbeam(z, freq, ang, zfx, a0x, apod)[mm2]=Lx[mm] # Ly[mm]
[Lx(z, freq, ang, zfx, a0x, apod) [mm]
=10x[mm] * [1+{(LSx[mm]/L0x[mm]) 2—1} * {1— (z[mm]/zfx[mm])}211/2
Sx=a0x % azimBwidthAtSurface-fraction
[L[)x[mm]=(cHzo[m/us]/freq[hﬂ-Iz]) % (zfx[mm]/a0x[mm]) (=bA f#)
Ly(z, freq, ang)[mm]

=L0y[mm] % [1+{(LSy[mm]/L0y[mm]) 2—1} % {1— (z[um]/zty[mm])}2]1/2
Sy=aly # elevBwidthAtSurface-fraction
e sppall] * P=V2RICR ML L TEFIMESN. 1 A=TS T ANy
: H5ORONOES (1, () @=1--N)ick-TRREH
[ .
[ Zhi, Cat
[ COV) # V2=a % Cn % Va2 + (1— ) % Co+l # Vn+12
[ DXIHMEND I L ERKT S,
[ ZZi. i<V < vl
[
[
[
[
[

[

a= (Vn+12— V%) / (Vn+12— Vo)
Fhid
CV) =8 #Cn+ (1—5) % Co+l
g= (~2—vu2) / (Vurl2— Vn?)
ZZIZ, YV™=Vn+l % VoY
[¥.3_pa_acoust[W]
[ =—aAvg(freq, cyc) [1] # WO pa elec[W] # 1070.003 # freq[MHz] * z[mm]
(WO _pa elec[W]
[ =105 % g(freq) [ F—] * Asq unsc sun(apod, £#)[1] # V pulse rms2 [VZ]

Ooo0o0oooao
[azimbidthAtSurface—traction(e—factor) BEISIREDEBETNINT A—F

[elevaidthAtSurface—traction (e-factor) BT ISHEOEFNNT A—F

[b (freq, ang, apod)[1] HE/SREDEFTNNT A—F
[aox [mm] ACQIr S AN

[z fx [mm] ACQn & O FE T BERE

[f req[MHz] AU & OH AT E i O

: —3 dRuD A B

a0y [mm] IS/ oilfamO

[LUY(treq, ang) [mm] BiE/IShsollfifhe —e E—
: I

Zty(ireq, ang) [un] BsE 1S 5 O AL AR

—

C sppa grid val(freq, ang, ztx, apod}[1] HFE/ISHESOFEFING A—F
[VDD,SDDafgrid (freq, ang, ztx, apod) [V] HE/ISHEOQETNNT A—4

[aAvg(treq, gNumber) [1] BlE /1SS ODETNINT A—H

g (treq) [ 18] ISMEOBEA LTI F R

[ (der 2 —FE I BMBES 5)
(Asq unse sum(apod, £¥)[1] FDRO TR —a o7y
l ANOREAEL, BEFLETRIE—
[ Ta Al Ak o TEME
[VJQHISEJ'ES[V] EH{tanE=7 ROV a 0k
[ I A CEFEB/EOrs ; ACQ

[ izEoTEE

EONORERIOHEESHE : BAEED

uboobooboobobooboobooboooboobooboooboobooobad
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(29)

oogooao
(2) MI[1]:

[mm»r T A
Hdl[l]=[c_mi [1] # (V.3_min_acoust[¥] #po [g/cw3] # c_H20[mm/ 5],
A ee beam[mn?] * freq[MHz] ) * Oz / Mpa2) ]1/2
[c_mi []=c_isppalzBRIOTFINIG A—F
[W. 3 min acoust[W]
: =aMax (freq, cyc) [1] * W0_min_elec[W] % 1070.003 * freq[MHz] * z[mn]
W0 min_elec[W]

E =106 % g(freq)[pB—] * Asq unsc_sum(apod, £#) [1] #* ‘Unin2 [v2]
[

aMax (freq, gNumber) [1] HE/SHEOBEFIINNG A4

., Asq unsc sum{aped, f#), A ee beam: LB
'V nin(pulse shape) V2] EEE W7 ROY— a0k
[ HOREBEDRM
[V_min=V_max=VDD/ 2
Yoo EEREEOD—D
Lo=1 g/cnd KOEE ; —E (1 g/cnd)
(¢ B20=1.5246 m/ s i —F Gk
WonORERAOHEESDE : BARRS
O

JP 2004-514461 A 2004.5.20

oooooboobobogoboobobogobooboobooboboobobo

Ooo0ooooao
[3) Ispta_t (Sequoia 7 b7 7/N— 3 1. 61T, 2.510%4k)

[Ispta t [(m¥/cm2]=100 # max overz [ c sppa[l1] % ( ¥.3 rms acoust[mW]
[ /A _ispta(z) [mm?] ) 1

[W. 3 rms_acoust [m¥]

[
[Wofrmsfelec [mW]
[

[EEICEFJ'%A_isDta (z=0) :
[A ispta(z=0)=(1x(z=0) [mm] + Res-box-size(z=0) [mm]) * Ly(z=0) [mm]
; Li. 2=00#88. %EOLEARIKRELE, )
Ooo0O0oooao

=aAvg(freq) [1] # WO rms elec[m¥] % 1070-003 * freq[MHz] # z[mm]

=103 % g(freq) [ B—] # Asq scan sum[1] # V_total rmsZ [VZ]

(FE:z>0LBRABZEMCBTSIsptakdt BT 2DICLU—X258HA
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(2 >0 DBEDA ispta:
[Afispta(z>0)=IsDta%‘ﬁIﬁﬁﬁ=numflines % Lx % Ly BOF
[l/A_ispta=BOF/num_lines % 1x % Ly
OF :
H LLx<Res-box-sizeis 51T,
BOF=[1+{ Lx % (num lines—1) / Res—box-size }]
: # LLx=Res-box-sizefs 5id.
: BOF=num_lines
/A tspta -
L B ULr<Res-box-sizefz 5.
[ 1/A ispta=[1+{ Lx % (num_lines—1) / Res-box-size }]1
[ num lines #Lx % Ly
L % LLx=Res-box-sizefz 51,
[ 1/A ispta=11x # Ly

(Lx (z) [um], Ly(z) [mn] LD OBE. IsppaB il

le_sppal1] DROBE, IsppaBlf
[Asq_scan_sum(apod, f#)[1] FRIV—2a7a7 71 MOWTREE
[ ., gitEh. RWT1 7L —LHORIOR
[ HizoWTREENETRIE— 9 2f ;A
[ Qick->TEHE

[V_total _rms[V] EH{ENETRIVY -2 - 0ObiceT

[ OB OREEEOrmsiE ; AQIc L - TE

[ "

[Res-box-size (z) [mm] z OB & L TORES/PANR w 7 Z~Fik ; B

[ BRUBRTHRECEESH A P UIKELTA
[ iz k> TEH

[ B r=0&TH— BT+ 1)+ (o]
: Ry P BELER BT F—: T2

[ r=(RTH—BSEE T 1) * HAE » B8
dum_lines EEHROK

Ooo0o0oooao
2 >0 DBEOA isptadBH

[Ispta=c % (PI1.3 0 % FSC *% BOF, FT)

[‘W. 3=sum(PII.3) #* Lx % Ly FT

sum(PII)=PI1 0 % FSC % num_lines

Ispta=c *% (PII.3 0 # FSC # num lines # Lx # Ly . FT % A ispta)

: =c¢ % (PII.3 0 % FSC # BOF,” FT)

I = EDETOROAE

T =7 —5K

PI1.3.0 =il (E7eid. IsptatSiR5 N5 OPIL 3

FSC  =TO—#IANATI R (AT, RN BERELE" 26
[ DEETRORHO AR

BF  =v—-rEBIrHH

[>Ror =pum-lines # Lx # Ly “A_ispta

[Afispta =pum-lines % Lx % Ly, BOF
O

oogdad
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+ 3) Ispta t (Sequoial-1)—X1, 61BLAN)

[

L

[# ¥.3 rms acoust[mW]

#Ispta t[m¥/cm2]=100 % max overz [c sppal[l]
: % (W.3_rms_acoust[m¥F],“A_ee(z) [mn2]) ]

t =—aAvg(freq)[1] * WO_rms_elec[mW] * 1070-003 # freq[MHz] * z[mn]

[
[# W0 rms elec[mW]

L
C

# Lx(z) [mm], Ly(z) [mm]

[# ¢_sppa[l]

" Asq scan sum(apod, £¥)[1]

[ v _total rms[V]
F"
[y

[# Res-box-size (z) [mm]

t =103 % g(freq) [ B—] # Asq scan sum[1] # V total rms2 [VZ]
t A ee scan[mm?]= (Lx(z)[mm]+Res-box-size(z) [mm]) # Ly(z) [mm]

FLBOBE, IsppaBil

FBOBE. IsppaBii
FRIE—Ta7a7 7T MIDOWTRE
Eh. Bi§tEn. XRWT17L—-LROKS
ORFICODNVTREENETRIY -2
i ; ACQIZ L - TEMR
ER{EEnE=F7RIV—-Ta-Okkbice
TORMOREEEOmsE ; AQICk->
TEtHE

z OB & L TORES/PANTR w &7 A~FEk ;
REBE R TRESEE DT A U ICKE
L TAQIc K> TERE

H##: r=TH—MHERLT 1) + KER
[mm]

AL R BHELER, Y — T
r=(RTH—PEET 1) » HEE * 18

JP 2004-514461 A 2004.5.
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A X477B,F

EEXFUTUAVYy M, F-M, PW, CW

TIS oA GEm)

A aper[mn’] >100 mn” : 2 B (FEX)
A aper[mm*] =100 mm” : 2C C (FE)

e T e Y e Y e Y e Y e R e Y

20

TIB = A (Fmm) x D (EX)
TIC = E (i) 7 E (Fm)
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W.3(z bp) >1ta. 3(z_ bp)& W.3(z_xo) =Ita. 3(z_xo)

RARIta. 3(z_ bp<z<

z_x0)

e T e T e Y e T e B e

W.3(z bp) >Ita. 3(z bp)&& ¥ B AA—/—1E
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i)
-t

[

¥0 min elec[W]

.0=max overz

% MI[1]=[c mi[1] # (V.0 min acoust[¥] * o [g/cm3] * ¢_
. H20[m/p5]/A ee bean[mn?] ) % (1 / WPa?) 11/2
[cfmi[1]=MI—C—facturN5)l—5’ MIiclET 2 b O EF—)
. 0 min_acoust[W]=aMax (freq, cyc) [1] # WO _min elec[W]

C =106 % g(freq) [ 2 &—] % Asq unsc sum(apod, f#)[1] % V min2 [v2]
[aMax(treq, gNumber) [1]

[
[g[trecﬂ

[AscLunscfsum(apud, f4), A ee beam:
[mein(pulse shape) [V2]
[

[

op

Lo=1 g/cud

V min=V max=Vpp, 2

(¢ H20=1.5246 mn/ 5

BoONDEERSORSDE | BREES

O

oooooao
ooogogoan

BiEISHEOEEERTETING
A

BRI 5 Z [ E—] (BT
NINTG A—H)

LB
EffEEnE7RIVY—a 0k
HOEEBEOB/M

EREEOCD—D
KOWE ; —F (A g/cnd)
Bl —E (k)
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{57) Abstract: The preferred embadiments described herein provide a medical diagnostic ultrasound imaging system {100) and
method for determining an acoustic output parameter of a transmitted ultrasonic beam. In one preferred embodiment, the vltrasound
system (100) achieves a specified acoustic output parameter of a transmitted ultrasonic beam in a selected region by automatically
adjusting an operating parameter of the ultrasound imaging system. In yet anothes preferred embodiment, a region is selected in the
ulirasonnd image that does not contain a peak acoustic output parameter of a transmitted ultrasonic beam in that region and provides
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Medical Diagnostic Ultrasound Imaging System and Method for
Determining an Acoustic Qutput Parameter of a Transmitted
Ultrasonic Beam

Background

The Federal Drug Administration requires that the peak rarefractional pressure of
an ultrasonic beam entering a patient be below a specified level. To ensure this
requirement is met, medical diagnostic ultrasound imaging systems often display the
mechanical index, which is related to the peak acoustic pressure in the imaging field. The
displayed mechanical index can also be used to set-up and conduct a contrast imaging
examination. The non-linear response (harmonics or destruction) of contrast agents is
dependent. in part, on the acoustic pressure of an ultrasonic wave. If'a non-linear
response is not desired, a user of the ultrasound system can reduce the transmit power. for
example. to reduce the displayed mechanical index to a level that will ninimize undesired
responses in the contrast agent. However, the displayed mechanical index may not be
related to the location in the imaging field where the contrast agent is present.
Accordingly, the use of the displayed mechanical index is often enly a crude measure of
the relevant pressure and can result in sub-optimal imaging conditions. For example, a
user may reduce the transmit power to a level lower than needed to avoid a non-linear
response from the contrast agent, thereby making an unnecessary sacrifice in image
quality. Also, with the current approach. multiple injections of contrast agent into a
patient may be needed to optimize the imaging procedure. Additionally. the spatial
ambiguity associated with the displayed mechanical index can result in error when
comparing the response of contrast agent from two regions of interest.

There is a need, therefore, for a medical diagnostic ultrasonic imaging systerm and

method that overcomes the disadvantages described above.

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



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

w

(45)

‘WO 01/58357 PCT/US(1/03534

Summary

The present invention is defined by the following claims. and nothing in this
section should be taken as a limitation on those claims.

By way of introduction. the preferred embodiments described below provide a
medical diagnostic ultrasound imaging system and method for determining an acoustic
output parameter of a transmitted ultrasonic beam. In one preferred embodiment, the
ultrasound system determines an acoustic output parameter of a transmitted ultrasonic
beam in a vser-selected region. In another preferred embodiment, the ulirasound system
achieves a specified acoustic output parameter of a transmitted ultrasonic beam in a
selected region by automatically adjusting an operating parameter of the ultrasound
imaging system. In yet another preferred embodiment, a region is selected in the
ultrasound image that does not contain a peak acoustic output parameter of a transmitted
ultrasonic beam. The system then determines an acoustic output parameter of the
transmitted ultrasonic beam in that region and provides an indication of the determined
acoustic output parameter.

The preferred embodiments will now be described with reference to the attached

drawings.

Brief Description of the Drawings

Figure 1 is a block diagram of a medical diagnostic ultrasound imaging system of
a presently preferred embodiment.

Figure 2 is a flow chart of a method of a presently preferred embodiment for
determining an acoustic output parameter of a transmitted ultrasonic beam in a user-
selected region in an ultrasound image.

Figure 3 is an illustration of an ultrasound image illustrating the preferred method
of Figure 2 in which the user-selected region is a point.

Figure 4 is an illustration of an ultrasound image illustrating the preferred method

of Figure 2 in which the user-selected region comprises a plurality of points.

(S}
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Figure 5 is an illustration of an ultrasound image illustrating the preferred method
of Figure 2 in which an isobar representation is used to indicate the determined acoustic

output parameters in the user-selected region.

Detailed Description of the Presently
Preferred Embodiments

Turning now to the figures, Figure 1 is a block diagram of a medical diagnostic
ultrasound imaging system 100 and transducer 105 of a presently preferred embodiment.
The ultrasound system 100 can be used with any suitable imaging mode (e.g.. B-mode
imaging, Doppler imaging, tissue harmonic imaging, contrast agent harmonic imaging,
etc.), and the transducer 105 can be of any type (e.g., 1D, 1.5D, plano-concave, single
element, phased-atray, etc.). The transducer 105 is coupled with a transmit beamformer
110 and a receive beamformer 115. As used herein, the term “coupled with” means
directly coupled with or indirectly coupled with through one or more components.

The beamformers 110, 115 are each coupled with a processor 120, which is
coupled with a user interface 125 and a display 130. The term “processor” broadly refers
to the appropriate hardware and/or software components of the ultrasound system 100
that can be used to implement the preferred embodiments described herein. It should be
understood that any appropriate hardware (analog or digital) or software can be used and
that the embodiments described herein can be implemented exclusively with hardware.
Further, the processor 120 can be separate from or combined with (in part or in whole)
other processors of the ultrasound system 100 (including attendant processors), which are
not shown in Figure 1 for simplicity.

In operation, the processor 120 causes the transmit beamformer 110 to apply a
voltage to the transducer 105 to cause it to vibrate and emit an ultrasonic beam 135 into
an object 140, such as human tissue (i.e., a patient’s body). Ultrasonic energy reflected
from the body impinges on the transducer 105, and the resulting voltages created by the
transducer 103 are received by the receive beamformer 115. The processor 120 processes
the sensed voltages to create an ultrasound image associated with the reflected signals and

displays the image on the display 130. Typically, several ultrasonic beams are used to
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generate an ultrasound image. The user interface 123 can be used. for example, to adjust
parameters used in the transmit, receive, and display operations. It should be noted that
the ultrasound imaging system 100 can comprise additional components.

The ultrasound system 100 is operative to perform one or more operations relating
to the determination and/or calibration of an acoustic output parameter of a transmitted
ultrasonic beam, as described below. As used herein, the term “acaustic output parameter
of a transmitted ultrasonic beam™ is broadly meant to cover any acoustic output parameter
of an ultrasonic beam emitted from a transducer of a medical diagnostic ultrasound
imaging system. It is preferred that the acoustic output parameter be an index of thermal
and/or mechanical acoustic output and that the acoustic output parameter be able to affect
contrast agent modification (e.g., that the acoustic output parameter be able to cause a
non-linear response in contrast agent). Indices of thermal acoustic output include, but are
not limited to, acoustic power, acoustic energy, thermal index (TI). bone thermal index
(TIB), cranial bone thermal index (TIC), soft tissue thermal index (TIS), and pulse
intensity integral (PII). Indices of mechanical acoustic output include, but are not limited
1o, pressure (compressional or rarefractional). instantaneous spatial peak temporal
average (ISPTA), and mechanical index, which is conventionally defined as the peak
rarefractional pressure of the transmitted ultrasonic beam divided by the square root of
the transmit frequency.

The ultrasound system 100 can be used in a method for determining an acoustic
output parameter of a transmitted ultrasonic beam in a user-selected region in an
ultrasound image, as shown in the flow chart 200 of Figure 2. Figures 3-5 are ultrasound
images that will aid in the illustration of this method. First, an ultrasonic beam is
transmitted from the transducer 105 (act 210), and then the ultrasound system 100
generates an ultrasound image 300, shown in Figure 3 (act 215). Next, the ultrasound
system 100 receives a selection of a region in the ultrasound image from a user (act 220).
As used herein, a “region” can be a single point or a plurality of points, such as when the
region is defined by a line or an arbitrary or predefined shape. For example, in the
ultrasound image 300 of Figure 3, the region is a point indicated by a caliper 305, while

in the ultrasound image 400 of Figures 4 and 5. the region 405 is a plurality of points
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enclosed by a pentagonal shape. It should be noted that a “‘region” can also refer to a
subset of points in a line or enclosed by an arbitrary or predefined shape. For example, a
“region” can be one, some or all of the points on a line or enclosed by a shape. The user
can select a region, for examplé. by interacting with the user interface 125 (e.g.. a
trackball, mouse. keyboard. touchpad. touchscreen, voice recognizer. etc.) to position a
cursor or other visual indicator (such as caliper 305) on the ultrasound image displayved
on the display 130. If the underlying tissue being imaged is in motion, the cursor can be
repositioned automatically from frame to frame to track the original location in the tissue.
After the user-selected region is received by the ultrasound system 100, an
acoustic output parameter of the transmitted ultrasonic beam in the user-selected region is
determined (act 225). As noted above, a “region” can be a subset of points defined by a
line or enclosed by an arbitrary or predefined shape. For example, in Figure 4. the
“region™ in which the acoustic output parameter is determined can be one. some. or all of
the points enclosed by the pentagonal shape 405. An acoustic output parameter can be
“determined” by measurement, calculation, estimation, prediction, or any other suitable
method. The following two documents, which are hereby incerporated by reference.
describe a suitable method that can be used to determine parameters of the transmitted
acoustic field: “Standard for Real-Time Display of Thermal and Mechanical Acoustic
Output Indices on Diagnostic Ultrasound Equipment,” Revision I (1998) and “Acoustic
Output Measurement Standard for Diagnostic Ultrasound Equipment” (1998), both of
which are published by American Institute of Ultrasound in Medicine and National
Electrical Manufacturers Association. The hardware and/or software that is used to
determine the acoustic output parameter of the transmitted ultrasonic beam can be the
same as that used in conventional ultrasound systems to determine mechanical index.
The difference here being that the acoustic output parameter is determined in the user-
selected region instead of the fixed location of peak pressure. The act of determining can
be done during acquisition or post-acquisition on captured frames or clips. For post-
acquisition determination, it is preferred that the ultrasound system’s operating conditions
be recorded to aid in post-acquisition determination either by the ultrasound system 100

or by an external analysis-and-quantification system.

w
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After the acoustic output parameter is determined. the ultrasound system 100 can
provide an indication of the determined acoustic output parameter (act 230). The
indication can take any suitable form including. but not limited to. a visual. aural. or
tactile indication. The indication can be provided on the ultrasound system itself (such as
when a visual indication is provided on the displayed image or on the system itself (e.g.,
via an LED)) or can be provided by a device external to the ultrasound system (such as
when the indication is spoken via an external speaker). Of course, other methods of
providing the indication can be used, such as with sound, light. or a tactile indicator when
the determined acoustic output parameter is equal to, above, or below a threshold.

The displays of Figures 3-5 illustrate some of the various forms by which the
determined acoustic output parameter can be indicated. In these figures. the acoustic
output parameter is the pressure of the transmitted ulirasonic beam. The use of this
specific acoustic output parameter is for illustration purposes only and is in no way
intended to limit the scope of the claimed invention. To provide a useful comparison
between the determined pressure and the mechanical index, it is preferred that the
determined pressure be divided by the square root of the transmit frequency. [n these
figures. this quantity is referred to as the contrast agent mechanical index (CA_MI). In
Figure 3, the user-selected region is a single point. and the determined CA_Ml is
displayed with the image. As shown in Figure 3. the mechanical index (M) is also
displayed. Although the mechanical index does not necessarily need to be displayed to
practice these preferred embodiments, it may be preferred to display the mechanical index
to comply with governmental regulations. Of course, multiple acoustic output parameters
can be determined and displayed.

In Figure 3, the user-selected region is a single point, and the provided indication
is a single value associated with the single point. If the user-selected region is a plurality
of points, the provided indication can be for one, some, or all of the points in the region,
as shown in Figures 4 and 5. In Figures 4 and 5, the user-selected region comprises a
plurality of points enclosed by a pentagonal shape 405. A distribution (e.g.. maximum.
minimum, mean, mode, variance) of the determined acoustic output parameters for the

plurality of points can be determined and indicated. For example, in Figure 4. the mean
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value of the determined acoustic output parameters is displaved (CA_MI MEAN). and in
Figures 4 and 5, the maximum value is displayed (CA_MIMAX). The provided
indication can also take the form of a one-, two-, or three-dimensional isobar or map
(grayscale or color) to indicate a range of the determined acoustic output parameters in
the user-selected region. For example. points or areas within the user-selected region can
be indicated where the determined acoustic output parameter is equal ta, above, or befow
a threshold. In Figure 5, an isobar representation is used, and the pentagonal region 405
is filled with contour lines 410. Figure 5 indicates the value of the maximum contour

(CA_MIMAX = 1.0) and the contour interval (CA_MI Interval = 0.1).

There are several advantages associated with these preferred embodiments. For
example, because the acoustic output parameter is determined at the user-selected region,
there is no spatial ambiguity of where in the image the parameter is being determined,
unlike the determination of mechanical index in conventional ultrasound systems. Also,
these preferred embodiments can provide a description of spatial non-uniformity of
acoustic output parameters and allow consistent optimization of acoustic output
parameters across transducers, modes, frequencies, and imaging applications.

These preferred embodiments find additional advantages in contrast agent
imaging applications. In contrast agent imaging, it is often preferred to limit the pressure
(or ather acoustic output parameters) of the transmitted ultrasonic beam to a value that
will minimize undesired responses in the contrast agent. With these preferred
embodiments, a user can select a region in the ultrasound image where contrast agent is
or will be present (such as a ventricle of the heart) and can monitor the pressure of the
transmitted beam in that region. With this feedback, the user can adjust operating
parameters of the ultrasound system to achieve the desired level, thereby optimizing
contrast agent response and removing or minimizing effects caused by non-uniform
acoustic output parameters. As used herein, the term “operating parameters of the
ultrasound system”™ is meant to broadly refer to any operating parameter that can be
adjusted 1o affect an acoustic output parameter. Operating parameters include. but are not
limited to, apodization, number of elements in the transmit aperture. focal range. transmit

voltage. and time duration of the ultrasonic pulse.
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In addition to improving quantification of contrast image data, these preferred
embodiments can aid in analyzing contrast image data between studies and improve the
reproducibility of contrast imaging examinations by recording the determined acoustic
output paranieters. Further, by determining an acoustic output parameter prior to the
injection of contrast agent, the user can confirm that the desired acoustic output parameter
is achieved before commencing a contrast protocol. This makes the examination more
efficient and avoids injecting the patient with more contrast agent than is necessary for
the examination. Similar advantages can be achieved in other imaging applications such
as in the field of drug delivery by means of ultrasonic destruction of a drug-carrying
vessel. For example, the preferred embodiments can aid in the determining of the rate of
drug delivery and dosage.

In addition to or as an alternative to the user adjusting an operating parameter of
the ultrasound system, the ultrasound system itself can automatically adjust operating
parameters. For example, a user can specify or preset a target acoustic output parameter
(such as pressure) for one or more points in the region for optimal contrast agent imaging.
After the acoustic output parameter is determined, the ultrasound system can achieve the
specified acoustic output parameter by automatically adjusting an operating parameter of
the system (act 245).

There are several alternatives that can be employed with these preferred
embodiments. In one alternate embodiment, instead of or in addition to the user manually
selecting a region in the ultrasound image, the ultrasound imaging system can
automatically select a region. For example, the ultrasound imaging system can select a
region based on a default or user-specified point. image depth, or azimuthal transmit
focus.

Another alternate embodiment relates to attenuation of the ultrasonic beam.
Because of attenuation of the ultrasenic signal along the propagation path, the determined
acoustic output parameter may not be accurate. To provide a more accurate
determination, the ultrasound system 100 preferably determines acoustic attenuation of
the transmitted ultrasonic beam (act 235) and adjusts/calibrates the determined acoustic

output parameter for the determined acoustic attenuation to compensate for actual

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



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

w

20

25

30

(52)

WO 01/58357 PCT/US01/03534

imaging conditions (act 240}. To determine acoustic attenuation of the transmitted
ultrasonic beam, data can be acquired along an acoustic line from the transducer 103 o
the user-selected region, and an estimate of the attenuation coefficient along this acoustic
line can be determined using a single firing or multiple firings along the line. Operating
parameters (such as frequency and bandwidth) that vary between pulse firings along the
line can be used to estimate the average attenuation along the line. One suitable
technique for calculating attenuation is described in “Rational-Gain-Compensation for
Attenuation in Cardiac Imaging,” H.E. Melton, Jr. and D.J. Skorton, Proc. IEEE
Symposium on Sonics and Ultrasonics, #81CH1689-9, pp. 607-611 (1981), which is
hereby incorporated by reference. This technique identifies regions of the ultrasound
image as depicting either tissue or blood by analyzing the echo brightness of the received
beamformed signal. Tissue has high intensity echoes, and blood has virtually no echoes.
Attenuation is calculated using typical parameters for blood and tissue.

Another calibration technique that can be used separate from or in addition to the
acoustic attenuation calibration described above relates to in vivo measurement of an
acoustic output parameter. A determined acoustic output parameter can be based on
actual measurements and power management models for specific ultrasound system
operating conditions assuming homogenous (ideal) imaging conditions. Clinical
conditions frequently introduce inhomogeneities that cause the actual acoustic output
parameter to be significantly different from the determined acoustic cutput parameter.
An in vivo measure of the acoustic output parameter can be made by using a population
of contrast agents consisting of one or more agents with different levels of non-linear
response (e.g., destruction) as a function of an acoustic output parameter. As operating
parametess change to increase the acoustic output parameter, the first onset of non-linear
response indicates when the first non-linear threshold is achieved at a point of interest (a
manually- or automatically-selected region). Subsequent non-linear responses can be
observed with additional contrast agents in the population with varying non-linear
thresholds. Single or multiple threshold levels can be used to calibrate the acoustic
madels used to predict the acoustic output parameter achieved in the imaging field under

similar conditions.
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In another preferred embodiment, an acoustic output parameter of a transmitted
ultrasonic beam in a region in an ultrasound image is determined. Then. an indication of
the determined acoustic output parameter is provided along with an indication of where in
the ultrasound image the region is located. For example, in addition to determining and
displaying the mechanical index. the ultrasound system can also display a visual indicator
(e.g.. a dot) on the displayed ultrasound image to indicate a location in the image that is
associated with the displayed mechanical index. As another example, instead of or in
addition to displaying a visual indicator on the image, the range associated with the
mechanical index can be displayed. With this preferred embodiment, a user will know
the spatial location of the mechanical index (or other acaustic output parameter) in the
ultrasound image. If the mechanical index occurs at a location of interest to the user
(such as a location of contrast agent), no further action may be required by the user.
However, if the location of the mechanical index is not at a Jacation of interest to the
user. the above-described preferred embodiments can be used to determine an acoustic
output parameter in another location.

It is important to note that any of the various aspects of any of the preferred
embodiments can be used alone or in combination. For example, although not shown in
the flow chart 200 of Figure 2. acts 230, 235, 240, and 245 can be performed together,
separately, or not at all. As another example, the ultrasound system can automatically
adjust operating parameters to achieve a specified acoustic output parameter in an
automatically-selected region (instead of or in addition to a user-selected region) by
automatically adjusting an operating parameter of the system.

Further, in another alternate embodiment, a region is selected in an nltrasound
image that does not correspond to the lacation of a peak acoustic output parameter (e.g.,
the mechanical index). The region can be automatically selected by the ultrasound
system (such as when the region is automatically selected at a specified image depth or at
the transmit focus of the transmitted ultrasonic beam) or can be selected by a user. The
ultrasound system then determines and provides an indication of an acoustic output
parameter for the region. As mentioned above. any of the various aspects of these

preferred embodiments can be used with this alternate embodiment.
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It is intended that the foregoing detailed description be understood as an
illustration of selected forms that the invention can take and not as a definition of the
invention. [t is only the following claims, including all equivalents. that are intended to
define the scope of this invention.

The following is a preferred method of determining various acoustic and thermal

parameters of a transmitted ultrasonic beam.
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PMS Model Parameter Determination:

Calculated Power Mgmt Parameters)

(formerly: "pms.calc!
(stefan Schmitz: 94/01/28)

(update: 96/01/02)

(update: 96/10/02 new C-factor vs Vpp algo}

(update: 97/10/15 acoust. conversion weight by bandwidth)
{moved: 98/04/07 .to /people/pmsw/devlspcalc; put under. SCCS

was in interleaf; made softlink there:
System5->Acuson->adia- >Scanning-specs->
Othexr-Features->pms_calc)

This document describes the parameters that are the outcome of
first Power Measure (“spmeas') and then Power Calc (“spcalc") .

They will be entered into the Imaging Spec. They allow the
machine to calculate online the values for the various acoustic and
thermal parameters of the ODS model.

{Note: parameters for temperature rise at surface, delta-T, are not included)

There are nine model parameters each depending on up to S independent
parameters. The two tables below summarize:
1. the independent parameters {actually a superset of them)

2. the nine model parameters

standard single line meas params:

all = (frq, ang, tx, loc, apo. fnu, cye, vol)

frq = output carrier frequency

ang = line angle

txt = azimuthal transmit focus

loc = measurement location (range)

apo = apodization type

fou = f-number

cyc = pulse length in cycles {g-numbex)
vol = transmit peak-to-peak voltage

Table of calculated Pwr Mgt Param that go into the I8
and their dependencies

‘IS measurement parameters:’

param £xq ang txt loc apo fnu cye vol comment
1} a_avg{l] yes yes acoustic conversions
2) a_max(1] yes yes acoustic conversions
3) z_el{mm} yes yes elevational beam model
4) LOy [mm] yes yes elevational beam model
5) e_elli} yes yes elevational beam wmodel
6) bi1} yes yes yes azimuthal beam model
7 e_az(1) yes yes yves azimuthal beam model
8) C_iif1l yes yes yes yes ves c-factors
9} C_mi (1} yes yes yes ves yes c-factors

i2
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1+2) acoustic conversion: a_avg(freq. ¢y<) and a_max(.req,cyc

ang, tx, lac, apod. f£4, volt

a_avg (freq,cyc) (1] = average (over: )
of meas (over: ang, freg, tx, loc, apod, f%, cyc)
of -
E_pa_ac W] w_pa_ac (W]
---------- or ---------- leither is selectable}
E_pa_el (W] W_pa_el [W]

pulse average acoustic conversion

W

a_max {freq,cyc) {1] = average (over: ang, tX. loc, apod, f#, volt)
of meas (over: ang. freq, tx, loc, apod., f#, cyc)
of
w_min_ac (W)

W_min_el (W]
= pulse max acoustic conversion

E_pa_acluJl = measured pulse_energy{ud}
0.01 * PII[uj/cm"2) * x_eebwlmm] * y_eebw(mm]

x_eebw, y_eebw are the energy equivalent beam widths

W_pa_ax{W]l = E_pa_acluil / meas-tau (usec]

meas-tau - measured pulse length (risetime algorithm)
E_pa_el[W} = W pa el(W * elec-tau(usec]

W_pa_el[w} = electrical pulse average power calculated by Sequoia
elec-tau - § calculated pulse length (risetime algorithm)

W_min_ac[W] = measured pulse-max Pr power

Pr * Pr
W_min_ac = ------- + x_eebw * y_eebw
rho * c
max Pr rarefaction pressure in MPa
rho density of water = 1g/cm3
@ speed of sound in water = 1.5246 wm/usec

W_min_ac is calculated by meas; SO it's in the input for calc

Note that the measure quantities are not tissue attenuated. If the actual
measurements were attenuvated, the corresponding un-attenuated values must
be calculated first.

need from Acg:

W_pa_el[¥]

electrical pulse average power
tau_el: electrical pulse duration:
E_pa_el =¥ el * tau el

P _pa_ -
W_min_el{W)* electrical min peak power (neg excursion peak}
processing:

-» At first the both acoustic conversions are calculated for each distinct
modulation frequency and cycle count. There are separate values for
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pvlse average and pulse max.
-> A desired output sample grid is picked: .
1. for the output carrier frequency the grid is equal to the distinct
modulation frequencies {(usm_mod_freq) o
2. for the cycle count the grid is egual to the distinct cycle
counts (usm_cyc)
-> Poreach grid point (distinct pair of sample grid freq and cycles):

Compute weighted sum average of all (not-rejected) measurements, so that

\
> a_avg/max * weight
/
measurements

a_avg/max{gridFreq_i, gridCycle_j) =

> weight

measurements
where weight = exp ( - ac_weight exp_fact * distancce”2 )
where distance is given by one of two choices:
if spcalc option ac_weight_by_bandwidth is non-zero

/ gridFreg_i - measFreq \2
distance”2 = ac_weight_exp_fact_freq * ( =--=-=---------------oo )
\

+ ac_weight exp_fact_cycl * { ----------- N )
\ gridcycle_i measCycle /

else (when ac_weight_by_bandwidth is zero; older approach)
/ gridFreq_i - measFreg \2
distance™2 = ac_weight_exp_fact_freq * { =--------------------- )
. \ 1 MHz /

/ gridCycle_j - measCycle \2
)

+ ac_weight_exp_fact_cycl *
1 cycle /

where ac_weight_by bandwidth, ac_weight_exp_fact, ac_weight _exp_fact_freqg
and ac_weight_exp_fact_cycl are spcalc input options (numbers).
avg-measFreqg is the average of the (not-rejected! measFregs.

Note: The weighted sum avoids problems of grid resampling, especially
*grid holes* at the edges which caused bad results due to constant
extrapolation and fixed order over dimensions in which these holes
were filled.

The newer weighting approach (by bandwidth when option
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ac_weight_by_bandwidth is non-zero) moves long pulse length much
closer as was indicated by measurements. This was introduced in August

1997.

Options (see comments in template file: spcalc.cptions):

-> We reject measurements whose ratio of meas-tau/elec-tau is outside
a desired range. The low and high ends of this range are input
options. (defaults 0 and 999, i.e. turned off}

-> the a_avg can be computed using pulse average power or pulse energy
where energy = pulse-average-power * pulse-length. Which one is
used is user selectable.

-> a_avg and a_wax can be computed as the average between them, in that
case they are the same (and egual to the average) . For backwards
compat ibility.

-»> a_avg and a_max can be computed to be a function of frequency only
with the same value for the different cycles. For bhackwards
compatibility.

-> ac_weight_by bandwidth, ac_weight_exp_fact. ac_weight_exp_fact_freq
and ac_weight_exp_fact_cycl (see above)

2} elev focus:

z_el (freq, angle) [mm] = meas (over: freg, angle)
of min elev beamwidth location

-> we accept only those measurements whose elev focus leocation is
within a margin of the legal range limits

-> we set the output grid frequencies and anles equal to the distinct
modulation frequencies and distinct usline angle.

-> we bin the data for {(distinct and sorted ) output carrier freguencies
and angles. Note that the frequency bins do not (necessarily) coincide
with the output grid frequencies.

-> we compute the average for each bin
-> for each output grid angle, we resample the frequencies to the output grid

frequencies by interpolation and constant extrapolation (this fills
in holes in freq as well

-> we £ill in any remaining holes in angle (by interpolation ox constant
extrapolation)

3¢4) elev beam width at focus (LOy) and effective aperture factor (e-factor):

L0y (freqg, angle) [mm} = average over (tx, loc)
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of caleulated elev beamwidin at focus
from meas (over: freg, angle, tx. loc}

e-factor (freq, angle) [L] = average over (tx, loc)
of calculated elev effective apeture factor

from meas (over: freq, angle, tx, loc)

z1 = range of meas loc
zfy - elev focus
Ly = ee beamwidth at range (measured)
18y - ee beamwidth at surface (calc'd) = aQy * e-factor
Loy - ee beamwidth at focus (calc'd)
a0y = elev aperture
e-factor - elev beamwidth at surface factor = LSY / aoy
/ 21 {mm] \
let u = - -~

1 -
\ z£y [mm} /

Ly(z1) [mm] = LOy[mm}* \
\

2 2
Loy [wm}] + ( LSy[mm] - Loy [mm] ) u

1 - ut2

L A

A\ Ly{z) "2 /

solved for e-factor = LSy / aly:

Ly(z1) [mm) "2 - LOy({mm] "2

+ LOy{mm] "2

1
e-factor = --~ * \
a0y \

u'2
relative average-sum-weight for e-factor:

/ e-factor * ady™2 * u"2 \"2
)

As for elev focus we ignore measurements whose measurement
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range is too close to the softlimits.

oOnly if Ly > abs{ (z-zfy) / zfy) * LSy (when z < 2 * zfy)

is the number under the root positive. I1f not., the beamwidth
is too narrow and cannot be fit to our formula. We will simply
ignore these cases. That should not happen, if we measure

really close to the focus.

In cases where L0y comes out to be larger than the LSy using
the formula above we will ignore the measurement . However,
In the model calculation, we will then use a linear formula
for these cases (where the peamwidth at focus is larger than

at the surface}. The formula is:

Loy [mm] = LSy [mul + ( Ly(z1) [mm] - LSy(mm) )

21 [mm]

and meas loc, we'll perform a
where the relative weights are
quare of the estimated error.

When averaging over tXx
weighted sum average,
proportional to the inverse st

a-Loy
error in LOy = ------- * const * Ly(z)
&-Lytz)
Ly(z)"2
= const * ~—-w-m--=-------

W= ( —mmmmmmo-----

\ Ly(z)"2 /

Note: the weight becomes zero for z1=0 or z1 = 2 * 2
pbecause the function must pass through Ly{(0 ox 2*zfy)

nor matter what was measured.

When calculating e-factor:

As for elev focus we igmore measurements whose measurement

range is too close to the softlimits.

Wwhen calculating e-factor it may become complex or infinite
(if u™2 = 0 or Ly(zl)"2 < (1-u™2)*L0y"2). In that case the

measurement is ignored.

when averaging over tx and meas loc, we'll perform a
weighted sum average, where the relative weights are
proportional to the inverse square of the estimated error.

d-e-factor

error in e-factor = ----------
d-Ly(z)

* const * Ly(z)
Ly(z)"2

= const * w--—--m-mm-m—sT=mems=s
e-factor * aly™2 * u"2

SUBSTITUTE SHEET (RULE 26)



L s T e T e Y e R e |
—/
L T e T e T e T e T e T e T e T e T e T e T s T e T e T e B
L e T e T e R |

(61)

WO 01/58357 PCT/US01/03534

relative weight for e-factor:

W= { memmmmmmmmmmmes—mmemmos
\ Lyf{z) "2 /

processin:

r e-factor, we calculate the LOy.
The processing is as for elev focus, except weg use a weighted
sum average {(instead of straight averate) with the above formulas

for e-factor and summing weights.
2. Then using the resulting LOY sampled to the final cutput grid, we

calculate e-factor. The processing is as for 1.
3. Then iterate over 1 and 2. Where the iteration count is an input

option.

. Using a starting values for

Options (see comments in template file: spcalc.options) :

-> starting e-factor (defaults to 0.666667)

_> number of iterations (defaults to 1)
{each step counts as one iteration, so
n=2 we fit L0y and e-factor once, if n=
the e-factor only once, etc.}

if n=1 we only fit LOy., if
3 we fit b-factor twice but

e-factor} :

6+7) azim beamwidth at focus and effective aperture factor (b- &

b (freq,angle,apod) [1]) = average (over: tx, loc, £-num)
of meas(over: angle, freg, tx, loC. aped, f£#)
of :

b-factor and e-factor
This is very analogous to the elev processing! So the above formulas
apply except "y* is replaced by “X". and the focus, zfx, is no longer
measured but just taken to be the nominal xmt focus. There is also
the additional dependency in the apod type. which only affects
the binning, resampling, output grid and logistics like that .
The only "real" difference is that the model parameter is not the
«beam width at focus*® (L0x), as it is for elev.., but the b-factor, where:

Lox = b-factor * lambda * fi

lambda = wavelength = freg / speed

speed - 1.5246 mm/usec; speed of sound in water
£# = focus / aperture

aox = aperture

zfx = focus

LOox[mm} * LSx[mm} * freq[MHz)
speed [mm/usec] * zfx{mm}

Note: we use the true f# in the above formula not the effective one as in

a previous version of spcalc!

The averaging-summing-weight for the b-factor is slightly different
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then for LOy, but just by a scaling factor. Here's tue “story™:

For measurements away from the focus (especially when
at a depth near twice the focus) small variations in
the measurement can cause very large variaticns in the
b-factor value. -

Therefore we weight each term in a sum by the inverse square
of the expected measurement error on b.

Expected measurement error on b is:
const * derivative of b-factor w.r.t Lx(z] * error in Lx(z)
and the error in Lx(z) is assumed to be proportional to Lx(z)

z1

a-b Lx
with u = 1 - ---

e = E—

a-Lx LO"2

*

Lx"2 1
expected error = const * b % ----
L0"2 1 - u"2

relative weight:

*
\ Lx"2 b /

Note: the weight becomes zero for z1=0 or zl = 2 * zfx
because the function must pass through Lx(0 or 2*zfx} = LSx
nor matter what was measured.

processing

-» for each combination of (sorted) distinct values for output carrier
freq, angle and apod type we calculate the weighted sum average of the
b-factor using the initial (or latest) e-factor.

Note: Only if Lx(z) >= u * LSx does b-factor to have a real solution.
Otherwise we ignore the meas condition.

-» we resample the results to the fipal output grid (first in freg, then
in angle, but not in aped type)

Note: we do NOT resample over the apod type dimension. However, there
cannot be amy more any isolated heoles, because we resampled (filled
in for the other two dimensions.) The only holes could be a complete
vplane®, meaning for a fixed apod type, there are no good values for
any frequency or angle. I would certainly be wrong to f£ill in this
case (which would be rather pathological indeed)

-> Now repeat the above steps for the e-factor (formula for it and for
its summing weight are as for elevation with LOx = b-factor * lambda *
f-pumber. Use the b-factoxr (resampled to final output grid and then

interpolated back to desired values) as calculated previously.

_» Ttevate over b-factor {given new e-factor) and then e-factor (given
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new b-factor)

Options (see comments in template file: spcalc.options

These are the same as for elevation:
-» starting e-factor (defaults to 0.666667)
->» number of iterations (defaults to 1)

&) C_ii: Isppa/Ispta/PII c-factor:

c_ii (freq, ang, tx, apod, volt) (1] = maximum (over: loe, f#, cyc, sppa/spta)
of meas fover: all
of C_ii

The C_ii comes in three choices: C_isppa, C_ispta, and C_pii. Only one
is in the output (nominally called C_isppa). By spcalc input option, we
can choose either of the three, any pairwise max or the overall max of the
three for each measurement. The standard and default is:

C_isppa_final = max (C_ispta, C_pii)
C_isppa, C_ispta, C_pii:

Isppa_meas [W/cm2]

C_isppa = —==----=--=sm=---
Isppa_calc{W/cm2]}
and
Ispta_meas [W/cm2]
C_ispta = ----------------o for RES->00
Ispta_calc[W/cm2]
where RES-»00 means in the limit where
the res/pan box is much larger than the
bean width.
and
PII_meas [uJ/cm2}
C pil = -~-emmmmomooo oo
PII_calclud/cm2}
where

W_ac_pafW] * 107 (-0.003*freq{Miz} *z (mnl)\

/
Isppa_calc(W/cm2] = max ( 100 * -=--"------o-o----so-soooosooooooomoooos
over z \ A_ee_beam(z) [mn2) /

)

PII_calc(uJ/cm2) = Isppa_calc[W/cm2} * el_taulusec]

in practice ‘max over z" means evaluating at 2=0 z=z_elev_focus and z=z_focus
and picking the maximum of these.

Note: W_ac_palW) = a(freq) [1] * W_el palW]
A_ee beam{mm2] = Lx{(z) [mm} * Ly({z) {mm]

20

SUBSTITUTE SHEET (RULE 26)

JP

2004-514461 A 2004.5.20



L e T e T e B |
—m —m —m @ ™~@ ™M@ ™@ M™@ M™@ oM@ s s & s s /s s s /s s s e o

(64)

‘WO 01/58357 PCT/US01/03534

Cispta:

The limit of RES-»co is used because the res box size is not known, nor
would it be desirable to calculate the above for all res-box, line spacing
combinations. And since the limit RES-»zero is handled by the PII or Isppa

case we go for the large RES box limit:

PII(z) * Lx_meas(z} * NF

* 107{-0.003¢f_meas*z)

Ispta_meas (for RES-»o00) =
FT * RES

Note: Lx * NF / RES is the BOF (or BOF * FsC)

a * E_pa_el * NF

Ispta_calc (for RES->Q0) = -=====--=<--c=c-----oo- * 107(-0.003*f_mod*z)
RES * Ly _mod(z) * FT
where: LX,y beamwidth in azim orx elev (either measured or wodelled)

NF: number of firings in scan

FT: frame time

a: model's acoustic conversion

E_pa_ellW]) electrical pulse energy calculated by Sequoia

= pulse power times tau

The C_ispta can optionally calculated two ways:
1) The ratio is evaluated for all measurement z's and the max is taken:

PII{(z) * Lx_meas(z) * Ly_mod(z) 107(-0.003 * f_meas * z)
*

Cispta =
a * B_pa_el 107 (-0.003 * £ _mod * z)

The value for z is the meas range in all quantities, meas oxr medel .

In short:
meas-term(z)

C_ispta = max over measured z of
calc-term(z)

2) z is treated like it is for C_isppa and € _pii. The meas-term is
“maxed" ovexr the meas ranges and the calc term is "maxed" over
z=0 and foci.

In short

max over measured z of meas-term(z-meas)
C_ASpta = --~m=-===s-s-—m-oo-o-s----coooomsoomommen
max over z=0 and foci of calc-term{z-calc)
This second way is analogous to C_isppa and C_pii
THIS SECTION WAS REPLACED:
then £fitC{V) as fct of Vpp~2 and get:
C_0 (freq, ang, tx, apod) (1)
V_0 {freg, ang, tx, apod) (V]

P+ (freg, ang, tx, apod) {1]
p- (freq, ang, tx, apod) [1])

IR
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where:
/ /v A2\
CV) = €0 (1 - P+ ( === -1) ) for v » V.0
\ \voo i/
/ /v A2\
CV) =€C0 {1 -P-( ----11) 1} for V< V_O
A\ \ve /7
finding C_0 and V_0:
C_6 = max over V [ C(V) ]
V0 = V that maximizes C(V) oxr C(V.0) =<0

finding P+/-
/ v_o2 co-¢ \
P+ = min over V » V.0 ( -=- *
A co

/v otz

)

P- = min over ¥ < V_0 { - ¥
\ oCco v -v_ol2/

P+/- will be set to zero if there are no Cc{v) with
V>V_0 or V<V_0 respectively

END OF REPLACED SECTION

*** MORE DELETED STUFF
(C-factor fitting for voltage grig:

*For each fixed set of freg, ang, tx we will calculate a set of
+«Cn for fixed voltage grid values Vn un=1..N, such that

*
*

*
*

«
*
*
*
*

PR TR

1) C*V"2 is piecewise linear in V"2, where the pieces are bounded
by these Vn

All measured points, C*V"2, lie on or below the piecewise linear
curve {and NEVER above it}

2

3} C*V"2 is assumed to go throug the origin, i.e. is zero for V=0

The algorithm:

1)} start in first V interval: 0<V<Vl and find min slope that curve can
have so that no measured point lies above it.
This results in the value C1*V1"2 at the first grid point Vi.
One can extend the interval that is used to include portions of
the NEXT interval with an optional grid-overlap factor. So that
all measurement points that lie in a larger interval are considered.
The result is then still calculated for the current grid's endpoint
and the procedure repeats. So, without grid overlap, we use

for i-th interval: V_(i-1)"2 <« V< V.iT2
with a grid overlap factor (GOF):

V_(i-1)"2 < V < V_i"2 + GOF * [V_(i+1)72 - *v_i"2
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or the current interval is still

used to calculate C#V°2 at V_i only (with or without grid-overlap-factor)
repeat the step for the next higher voltage interval, until all
grid voltages intervals are done.

C-factor voltage grid computation and fitting to grid:

This was algorithm was changed Sept 26, 1996

1.

Yo

(see the old version above).

For each unigue set of freq, angle, tx-focus and apod type, we compute
all “raw® C-factors as function of Vpp and call this set a "case".

We then compute y as a function of x, where y is C-factor x Vpp~2 and
x is Vpp. The final fit will be a piecewise linear cuxve of y vs X

For each case we compute its convex hull, which consists of a subset
of the raw x-y pairs and the point (0,0). The hull is computed by
first adding peint (0,0) to it. We then find that raw x-y pair with
the largest silope and add it to the bull. We then find that raw x-y
pair with x > x0 and y > y0 (where x0-y0 is the last added hull point
which is also the one with the largest x and vy values) which has the
largest slope computed from x0-y0, i.e.

yi - yo
max slope (xi,yi) = --- “--- for all xi > x0 and yi > y0
xi - x0

In other words, the next hull point is (xi,yi) where xi > x0 and yi >
and slope(xi,yi) is max of all points with xj > x0 and yi » yo-

We repeatedly add hull points until no more raw points with xi > x0
and yi > y0 can be found.

We set the initial x-grid values to just two values: 0 and the max x for

all hull cases.
We fit each hull case to the grid as follows. add the point (0,0) to

f£it. Then for each x-grid value compute the maximum slope w.r.t the
previous x-grid value and compute the intersectiocn of a line

with that slope from the previcus grid peint (x,y} and the current grid
line (vertical line through the x-grid). That is the new grid point.
Then repeat until all grid points are covered.

In other words

y-next-grid = y-last-grid + max-slope * (x-next-grid - x-last-grid)

yi - y-last-grid
- over all

where max-slope = max of

xi - x-last-grid
xi » x-last-grid and yi > y-last-grid.
1f the max slope is zerc or negative or if there are no hull peints with
x > x-last-grid-point, then extrapolate from the last hull point as
follows:

23
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y(x-grid) = ----------°- * x-grid
x-max-hull

Note: the hull point with the largest x also has the largest y.

5. Compute the erxor between the hull and the fit at each null point and at

each grid point for all cases. Extrapolation is as explained above
(*constant C-factor extrapolation®}. If the max absolute error is larger
than an input tolerance add another grid point. The grid point is chosen
by finding the point with the largest error (either a peint on the hull

or

on the grid for one case). Find the next lower hull point for that case
(unless that's already in the grid, then pick the next lower) and add that
point to the grid.

6. Repeat steps 4 and 5 until the max absolute error is less or equal to the

tolerance.

7. Now we repeatedly try to remove grid points again. We remove each grid

point in twn and compute the max absolute error for all cases. If this
error stays less or equal to the tolerance the point is removed. We pass
over the grid from low to high x values and then in reverse until no
further reduction can be achieved

8. The fitted C-factors are the ratios y/x of the fitted curves for all case.

The Vpp grid consists of the square roots of the x-grid values.
Note: in the above "all cases" means for both Ispta and MI ({and all freq.

angles, foci and apod types)

processing:

foreach distinct value of modulation freguency, angle, azim xmt focus,

and apod type: calculate the measured and model parameter {tissue
attenuated) and form the ratio. That is the C-facror as fct of wvolt.
Record the C-factor, the voltage (Vpp). and the measurement's output
carrier frequency. Here we apply the tau-rejection criterion: measurements
whose ratio of meas-taun/elec-tau lies outside an option input range

are ignored. {as for acoustic conversion)

compute the grid and the fitted C-factors as described above for each case.

- For each of the THREE indept parameters (angle, focus, apod type) :
Sort the Cn values by (averaged) output carrier frequency
and resample that list to the (distinct; sorted) modulation freguencies.

This gives a regular rectangular four dimensional table with. Fill in
holes by resampling over foci and angles (but NOT apod types; see Note
under processing for azim beamwidth factor above)

f

Options (see comments in template file: spcalc.options) :

- low and high tau rejection ratios (see acoustic conversions)

- max absolute error for grid calculation and fitting in percent
range treatment fox C_ispta (see above: either calculate ratio at
the measurement ranges and take max OR take max of meas-term ovexr
meas. ranges and the max of calc-term over z=0 & foci and then form
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the ratiol
- by default, we create the files spc_vsub.dat and spc_vefa.dat instead

of the spc_val.dat file.

c_mi (freg, ang, tx, apod) (1] = maximum (over: loc, f#, cyc)
of meas (over: all)
of

/MI_meas\ 2

\MI_calc/

Pr(z) [MPa} /MPa * sqrt (10" (-0.003*freq([MHz]*2 fmm) )}
MI_meas{1] =

MI_cale = max \

over z \ A_ee_beam{z) (mm2} * freq{MHz]
In practice “max over z' weans evaluating at z=0 z=z_elev_focus and z=z_focus
and picking the maximum of these.

Note: Pr°2 = (W_min_ac / A_ee_beam) * rho * c
rho 1 g / cu"3 water density
c 1.5246 mm / usec speed of sound in water
W_mim_ac aifreq) * W_min_el
A_ee_beam = Lx{z) * Ly(z)

The calculation of the Cn values for the voltage grid values Vn (n=1..N)
is the as for C_isppa.

processin

same as for C_isppa

Options (see comments in tewplate file: spcalc.options) :

Three of the options that apply to C_isppa also apply to C_wmi:

_ low and high tau rejection ratios (see acoustic conversions}

- set of output grid voltages

- voltage grid overlap factor (see C_isppa)

- by default, we create the files spc_vsub.dat and spc_vcfa.dat instead
of the spc_val.dat file.

Electrical conductance rescaling:

The usm machine calculates the electrical power terms

(pulse average and pulse min or max power) by wmultiplying three

terms: a voltage term, a apod sum term and the electrical conductance.
This elec. conductance is a table provided by Power Management to
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the machine. The table consists of pairs of elec. conductance {in uMho) vs
output carrier frequency. During online operation it is interpcolated
to produce an electric conductance value for the current output caxrrier

freguency.

spcalc provides for the capability to change the electrical conductance
after the measurements are complete. It takes a new table of electrical
conductance vs output carrier frequencies and rescales the electrical
power terms according to this new conductance. This of course will
change. the model parameters, namely the acoustic conversions and the
c-factors.

It is important that the same electrical conductance table is loaded
into the machine, that was used as input to spcalc.

Here are the formulas

old_conductance [uMho] read from machine during measurment
old_W_pa_el (W] read from machine during measurment
old_W_min_el{W} read from machine during measurment
new_conductance [uMhol new value: interpolated from separate input

table to spcalc.

In all equations above that use the electric poer values
(acoustic conversion, C-factors), we do this:

W _pa_el = 0ld_W_pa_el * new_conductance / old_conductance
W min_el = old W _min_el * new_conductance / old_conductance

Summary of Parameters calculated by Acq needed during Power Meas:

the single line xmt parameters, plus

a0x [mm] : xmt azim aperture

W_pa_el {W] electrical pulse average energy

W _min_eliW] electrical min peak energy (neg excursion peak)
vivl xmt voltage

conductance [unho]
elec-~tau[usec]

output of Power Calc (spcalc):

The output is produced twice: once formatted for Z and once for §

The program also produces a text file that explains the output formats.
There are also debug cutput files that can be turned on. They are
also described in the “explanation file®.

output for Z:

NOTE: This is currently still the backwardsly compatible format for
an earlier version of the model. Certain options (in spcalc.options)
must be set correctly (see the option inputs file). Also the
azim b-factor is divided by 1.5 for backwards compatibility.

The output is in mgl format and goes to a single file, with a table
for each PMS parameter. Each table records the parameter value and
the grid sample values for the independepnt paramteres:

1) acoustic conversions: 2D-table

26
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ac-conv a{freq)

2) elev focus and win beam width: 3D-table

z_el Loy (freg, angle) freq angle
3) azim beam width parameter, b: 3D-table

b(freq, angle)/1.5 freg angle
4) Isppa C-factor

C freq angle £x apod volt
5) MI C-factor

c freq angle ©> apod volt

output for S:

tion in all six dimensions and, therefore.
e exactly what prs-calc produces. That is
ling when the imaging spec is created.

1) § will do online interpola:
the imaging spec will stox
no interpolation Oxr resamp

les to £ill three tables.

2) By default, we generate three gata fi
(pms_meas_grid) spc_vsub.dat

The files (tables) are: spc_grid.dat
(pms_meas_sub_values) and spc_vefa.dat (pms_measfc_factorl. For
backwards compatability, we can generate the two data files
spc_grid.dat and spc_val.dat to %i11 the pms_meas_grid table and
the obsolete pms_meas_values table. pms_meas_grid contains the 6
independent variables (freqg, angle, focus. apod type. cycles, volt).
and the other tablel(s) contain the nine dependent ONes.

3) The pms_meas_sub_values table depends on the independent variables:

freq, angle, apod type, and cycle count. The pms_meas_c_factor

depends on: freq, angle, focus, apod type. and voltage. splitting

the data into two tables allows for a great savings in storage

for the IS database.

The pms_meas_values table munges all the data into a single
table. This is still supported through the spcalc option
"make_spc_val = 1°. By default, data for the two new tables,
pms_meas_sub_values and pms_meas_c_factor. is made instead.
4) The two tables pms_meas_sub_values and pms_meas_c_factor are
represented in acuisition software by the structures:

struct PmsMeasSubValuesiIsm

Float acoustPulseAvgConv:
Float acoustPulseMaxConv;
Float  elevFocusMm:

Float elevMinBwidthMm;
Float  elevEffAperFactor;
Float azimBFactor;

Float azimEffAperFactor;
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struct PmsMeasCFactorIsm //eMs data C factor values
Float  isppaCFactor;
Float  miCFactor;

) i
(both from the AcqIsmDatasStruct.h £file)

The table of the "9" will have a column for each parameter and its
six dimensional matrix is stored in linear fashion as column vector.
in practice, that means an array of a struct like this:

struct PmsMeasValueslsm //PMS data values

Float acoustPulseAvgConv;
Float acoustPulseMaxConv;
Float elevFocusMm;

Float  elevMinBwidthMm;
Float elevBffhperFactox;
Float azimBFactor;

Float azimEffAperFactor;
Float isppaCFactor;

Float miCFactor;

i

So, for instance, if we had measured neverything" for 3 frequencies,
2 angles, 5 foci, 4 apod., 6 cycles and 7 voltages the table would
have

3 x2x5x4x6x7 = 5040 xows

5) The sample grid values for each of 6 independent parametars are
also packed into a single table. It has six columns one for each
parameter. The numker of rows is the max numbexr of values for any
of the four paramters. Therefore, we will pad the column vector with
a terminator value for those parameters whose value lists are shorter
than the number of rows.

struct PumsMeasGridlsm //PMS grid definition
Float outputCarrierFregMiz;
Float uslLineAngleDeg;
Float xmtFocusDepthim;
Int baseApodId;
Float cycleCount;

Float xmtVppV;
b
So, in the above example (3 freg, 2 angles, 5 foci, 4 apod, 6 cycles,
7 wolt), this table would have 7 rows. Foxr freq. angles, apod and
cycle the last 4,5,2,3, and 1 rows would have a terminator value
(perhaps -1000000} .

Notes
1) spmeas will attempt to measure an angle.

If the elev focus cannot be found (because it is too shallow) the
program will “say" so but go on.
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1€ the peak for a particular xmt focus cannot be fuund the program
will go on to the next xmt facus. For very large angle, perhaps no
xmt focus might have data. These holes will be v£illed" in by
resampling to the output grid. {see above}

Summary description of handling the jitter of the output carrier freg:

This is just a recap of what is written above in the various "processing”

sections:

1)} find list of distinct modulation freg the values will also sexve as
the output (sample) grid cutput-carrier-frequencies

2) find lists of distinct angles, xmt foci, apod types and cyles

foreach distinct output grid value pair of oc frequency and
cyles:

3

calculate the weighted sum averages for all acoustic convergions.
Measurements that are "closer" to the output grid point have a ‘higher
weight than meas that are "farthar”. Still, all measurements are
averaged for a single grid point.

3) foreach distinct output carrier freg and distinct angle

calculate and average "z_el" and "LOy" and e-factor and f_oc
interpolate these three back to the list of output grid freg values

5) foreach distinct output carrier freg and distinct angle and apod type

calculate and average azim b-factor and e-factor and f_oc
interpolate these three back to the list of output qrid freg values

6) foreach distinct modulation freg, angle, xmt focus, apod type

calculate C(V) and average f_oc

7) from C(V) determine Cn(Vn)

8) interpolate them back to output list of output carrier frequencies.
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Online PMS Model Calculatio

pms.online” Online Calculation of acoustic
and thermal parameters)
(Stefsn Schmitz: 94/01/31)

(formerly:

(update 97/05/06)
(update 97/10/16; Ispta change for z=0 for rel 2.5}
(moved: 98/04/07 to /people/pmsw/dev/spcalc; put under SCC

was in interleaf; made softlink there:
SystemS»>Acuson»>ad:‘\a->Scanningvspecs~>
Other-Features->pms_calc}

This document describes the calculation of the acoustic and thermal
parameters by Sequoia when it is in operation. The parameters

are for FDA and internal regulations. Some parameters will be
regulated, others merely displayed.

There are two groups: short time constant paramters (8TC) that apply
for a single firing and long time constant parameters (LTC) that
are averaged over long times {full frame) .

STC:
1) Isppa_t
2} MI

LTC:
4) Ispta_t
$) TI1S, TIB, TIC
6) dT_skin, dT_air

Parameters for IEC1157
Headroons
Note: dimensions are in [}, e.q. [mW/cm”2]

{1} means dimensionless
square of units appends “2" oxr “72%,

1) Isppa_t[W/cm"2]

/
Isppa_t[W/cm"2] = 100 * maximum ( c_sppal[l) * -~------=-------
: over z  \ . B_ee_beam{mm"2] /
A_ee_beam(z, freq, ang,zfx,a0x,apod) [mm"2} = Lx (mm) * Ly [mm]

_ / /usx[mm]\ 2 \ / zlmm) \ 2
= Loxfmm} *7\ | 1+ ( ( ---e--- ) -1} % (1 - m--enes

\ \ \LOx [mm} / / \ zfx [mm] /
LSx = a0x * azimBwidthAtSurface-fraction

CR20 [mm/usec]
Lox[mm} = b[1] * -- - = b lambda f£#)

freq{MBz} a0x [mm]
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/ /LSy lmml\ 2 A\ / z fmm] \2
y - 1) }

Ly(z, freq,ang) {mm] = Loy fmmi#\ | 1+ 1 -
B \ \ \LOy (ma} / / \ zfy (mm] /

LSy = ady * elevBwidthAtSurface-fraction

- is modelled as piecewise linear in V72
and is described by a few values pairs:
(vn, Cn) n =1 ... N
from the imaging spec.
(it is assumed that the

c_sppafll*. V72

C*V"2 curve goes through the origin)
This means C is interpolated like that:
c(v) * V°2 = alpha * Cn * vn~2 + {1-alpha) * Cn+l * vn+1"2

where: Vvn < V <= Vo+l

vn+l2 - V°2

alpha
or
beta
Vns#17"2 - Vn"2 v
W.3_pa_acoust W) =
anvg (freq,cyc) (1] * NO_pa__elec[w] % 107(-0.003 * freglMuz] * z [mm])

wo_pa_eleciv] =

---- * g(freq) (umhol * Asg_unsc_sum(ap:
1076

od, £4) (1] * V_puise_rms”2(V"2)

model param. from meas/IS

azimBwidthAtSurface-£fraction (e-factor)
1 param. from meas/I1S

elevBwidthAtSurface-fraction (e-factox) mode

model param. from meas/IS

b(freg, ang, apod) (1)
azim aperture from aCQ

a0x [mm]

zfx [mm] focus range from ACQ

freq[MHz) .3dB center freq of output carrier freq
from ACQ

elevational aperture from IS
elev min e-e beam width from weas/IS
zfy (freq, ang) [mm] elev focus range from meas/IS
C_sppa_grid_val(fraq,ang,ztx,apod) (1} model param. from meas/IS
Vpp_sppa_grid(freq,ang,ztx,apod) w) mogel param. from meas/1S
ahvg (£req, gumber) (1] model param. from meas/1S
g(freq) (umhol elec. comductance from IS

(from xdcr group or thermal meas.)
apodization values squared and
summed over apod profile of center
line; calc by BCQ

aQy [mm}
Loy (freq, ang) (mm]

Asq_unsc_sum{apod, £#) [1]
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] rms of xmt vo.ctage over pulse
for normalized apodization;
calc by ACQ

V_pulse_rms (V]

Combination of several xmt componenents: take maximum

Mechanical Index

MI{1) = maximum of
over z

N\
\

cmili] * ---%

A_ee_beam[mm2] * freqg [MHz)

c_mi[1) = model parameter similar to c_isppa

W.3_min_acoust [W]

vax(Ereq, cyc) (1) * Wo_min_elec(u] * 107 (-0.003+Ereq(MHz) *z {mnl)

1
---- g{freq) [umho) * Asq_unsc_sum(apod,f#) + V_min"2{v2}

WO_min_elec (W] =
1076

aMax (£req, gNumber) (1] model param. from meas/Is

g, Asq_unsc_sum(apod,f#), A_ee beam: see above

V_min(pulse shape) [V2] min of xmt voltage for normalized
apad..

V_min = V_max = Vpp/2
peak-to-peak of xmt voltage

density of water; constant {1g/cm”3)

rho = 1 g/
speed of sound: comstant (in water)

cml
c_H20 = 1.5246 mm/usec

Combination of several xmt componenents: take maximum

3) Ispta_t (starting with Sequoia software version 1.61, changed for 2.5):

W.3_rms_acoust [m¥] \

/
Ispta_t [mW/cm2] = 100 * maximum ( c_sppafll]
A_ispta(z) [mm2] /

over z

W.3_rms_acoust [mK]

abvg (£req) (1) e wo_rus_elec[mW] * 107 (-0.003*freq(Maz) *z [mm] )

1
= ---- glfreq) (umho] * AscLscan_sumu)*V‘co:al_rms’z[v2]

Wo_rxms_elec [mW)
1000

A_ispta at the surface (z=0):

32

SUBSTITUTE SHEET (RULE 26)

2004-514461 A 2004.5.20



L e T e T e B |
— = = o/ o/
e T e T e T e T e T e B e B |
e s T s T e R
—

(76) JP 2004-514461 A 2004.5.20

w
0 01/58357 PCT/US01/03534

A__ispta[z:l)) = ( Lx(z=0) [mm} + Res-box-size (z=0) [mm] ) * Ly {z=0) [ma}
ompute Ispta at the surface

(Note: With release 2.5 it was intreduced to <
ck to the pre 1.61 formulation}

differently than for z > 0. For z=0 we went ba
A_ispta for z > O:

B_ispta(z»0) = Ispta equivalent area = pum_lines * Lx * Ly / BOF

if Lx < Res-box-size

Res-box-size

BOF = <
\ num_lines if Lx »- Res-box-size
A\
/ Lx * (num_lines - 1}
/ -
/
] mmmemmmmmmmmmosomsmnoooos if Lx < Res-box-size
1 /
-------- = <
»_ispta \ 1
N mmememme- if Lx »= Res-box-size
\ Lx * Ly
Ix (z) [mm}, Ly (z) {mm] for center line; see Isppa
c_sppalil for center line; see Isppa

ues squared, summend over

AsLscan_sum(apcd,f#) = apodization val
a then averaged over the component's

&3} apod profile anx
firings in one frame; calc by ACQ

v_total_rms[V] mms values of xmt-valtage over all time for normalized
apod; calc by ACQ

Res-box-size (z) [mm} RES/PAN box dimension as fct of z; calc by ACQ
depends on start and end line and scan geometry
linear: r = (end_l-start_l+1) * line_spacing_in_mm
vector, curved lin, sector: I = axc
r = (end_l-start_l+1) * line_spacing * radius

num_lines number of scan lines

ispta for z > 0

derivation of A

w.3 = sum(PII.3) * Lx * Ly / FT
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sum(PIT) = PIT_0 * FSC * num_lines
PIT.3 0 * FSC * num linss * Lx * Ly PIT.3_0 * FSC * BOF
Ispta = ¢ * = Q * mmemrmommmmnesee
FT * & ispta FT
where
sum{PII} sum over all firings in scan
FT frame-time .
PI1.3_0 PII.3 of center line (or lime at which Ispta is taken)
FSC flow sample count (total number of firings of each scan line
including reverb, refire, “prime the pump® firings)
BOF = beaw overlap factor
num-lines * Lx * Ly
=> BOF = --
A_ispta
nuw_lines * Lx * Ly
B_ispta s --------o----s-ssoc

Combination of several scan modes:

Ispta_t will be managed for each mode separately with possibly separate
1imits. But the total Ispta is the sum over modes

The following describes the now obsclete Ispta model:

3) Ispta_t (before Sequoia release 1.61):

¥.3_rms_acoust [mW] \
)

/
Ispta_t [mW/cm2] = 100 * maximum ( c_sppall] * -- -
over z \ A_ee_scan(z) [mm2} /

¥.3_xrms_acoust [mW] =
ahvg (freq) [1] * Wo_xms_elec[mW] * 10~ (-0.003*freq{MEz]) *z [mm] )

WO_xms_elec (mW] = ---- g(freq) [bmho] * Asq_scan_sum[1)*v_tota1_rms“2[vzl
1000

/ \
B_ee_scan [mm2] = ( Lx(z) [mm) + Res-box-size(z) [mm}/) * Ly (2) [mm]
\

Lx(z) (mn], Ly(z} (mm] for center line; see Isppa
c_sppall] for center line; see Isppa

Asg_scan_sum(apod, f#) = apodization values squared, summend over

11 apod profile and then averaged over the component's
firings in one frame; calc by ACQ

V_total_xms{V] rms values of xmt-voltage over all time for
normalized
apod; calc by ACQ

et teabdbth  2mdE D ILANALIEILIL AL AR A ARSI AR I
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Res-box-size(z) {mn] RES/PAN box dimension as fc. of z; calc by aCO
dapends on start and end line and scan gecmetry
linear: r = {end_l-start_l+1) * line spacing in_am
vectoxr, curved lin, sector: r = arc
v - (end_l-start_l+1) * line spacing * radius

#
#
#
#
#

TIS Eq A (surface) A _aper [mm2) > 100mm2: Eg B (depth)
A aper [mm2) <= 100mm2: Eq C (surface)

TIB Eq A (surface) Eg D (depth)

TIC Eq E (surface) Eg E (surface)

_____________ U SRR SRR PSS S

large aper: A_aper > lcm’2
small aper: A_aper <= 1icm"2

Combining TI's:

let
N = N-th xmt component in the frame:
SUM = sum over N or appropriate subset of N
MAX = maximum over Lwo terms
X = one of §, C, or B

SUM(TIX_N_surface), SUM(TIX_N_depth) ]

in particular:

{ SUM(TIS_N_scanned) + SUM(TIS_N unscanned_small_aper) .
SUM(TIS_N_unscanned_large_aper) )

TISF := SUM(TIS_N unscanned_large_aper) ({definition; special addition)
TIB = MAX [ SUM(TIB_N_scanned) , SUM(TIB_N_unscanned) )
TIC = SUM(TIC_N)

or in other words:

TIS = MAX [ SUM(TI_A) + SUM(TI_C}, SUM(TI_B) ]
TIB = MAX [ SUM(TI_a), SUM(TI_D) ]

TIC = SUM(TI_E)
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TISF := SUM(TI_B)

Formulae (surface):

B WOl [mwW] * freqlMHz)
EQ A: TI_A = ----=----------==m- (TIS or TIE; scanned; surface)
210 * wd * MHzZ

wo {mW] * freq[MHz] -
Bg C: TIC = =-==-====m--mmmmee (TIS; unscanned; surface; small aper)
210 * md * MHz

wo {mW) * (10mm) Note: the 10wm (original lcm)
Eq E: TI_E = -----=m---m-oooom (TIC; scanned or not; surface)

Formulae ({(depth

freq(MHz} / N
Eq B: TI B = -- -+ max ( min {(®.3(z) [wW], Ispta_t(z)[mW/cm2]*1lcm2))
210*mW*MHz  z>z_bp \ /

(TIS; unscanned; depth; large aper)

max-min determinatio

There are ONLY three cases to consider for the max over z > z_bp of win{W,I)
Case 1: W.3(z_bp) <= Ita.3{z_bp) then max-min = W.3(z_bp)

Case 2: W.3(z_bp) » Ita.3(z_bp) and there is at least one crossavers
for z>z_bp:

let z_xo be the smallest of them then
max-min = max { W(z_xo), Ita.3(z_bp<z<z_xo0) ]

Case 3: W.3(z_bp) > Ita.3(z_bp) and there are NO crossavers for z>z_bp

then max-min = max over z>z_bp of Ita.3(z)

__________________________________________________ e mmmmmmammg
| w.3(z_bp! |
B +
max:
Ita.3(z_bp<z<z_xo}

+ +

| W.3(z_bp) > Ita.3(z_bp) && no x-overs | max ita.3(z>z_bp) |

T T LR e T o mmmmm e mmm oo +

Eg D: TI_D = minimum of
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1 P
ce-- x N\ IW.3(2B.3) [mW)*IspCa,}(zB.})(mW/cmz]*cmZ , mmm- W.3{zB.3) [mW]

SomW AN

i
(TIB;- unscanned; depth)

where:

WO {mW] = Wo_rms_acoust {mW] = al(freq) (1) * w_rms_elec{mW}
(see above): avg. acoust power

WOl [mW] = WO1_rms_accuts [mW] = alfreq) [1] * Wol_xms_elec (mW]
avg. acoust power through central lcm of active aper

1
Wo1_rns_elec[mi] = ---- g(freq) fumho] * A01l1] * v_total_rms"2[Vvz]
1000

W.3[{mW] = W.2_rms_acoust [(mW] = wol{mW] * 107(-0.003 * freqiMHz] * z{mmj}

Ispta_t [m¥/cm2) (see above)

201(1}: lcm-scanned_summed Apod: sum of apod. values squared over a lcm
long aperture (central lem); for the frame's N-th firing of the
component sguare and sum_the apod profile truncated by the central
lcm: then average over all firings that compose this component's
frame; calc by ACQ

Deqmml = \ * A_aper [mm]
A\

PI

z_bp[mm] = 1.5 * Deq [mm]}

A_aper [mm2} : active aperture area

A_aper{mn2]) = a0ylmm} * a0x_scanned,_12db (mm]

abx_scannned_active [mm] : size of scanned active aperture.
ie. aperture comprised
of all elts with V_rms >= ~12dB wax (V_yms) ;
calec by ACQ

large aperture if A aper > 1 cm’2=100 mm2
small aperture if A_aper <= 1 cm”2=100 mm2
2B.3 depth that maximizes W.3(z) * Ispta_t(z)
or similarly, that maximizes Ispta derated with 0.6

summing of components and v-dependence :

depth and
that are

terms that
Isppa c-factor

We sum the TI's at surface together and the ones at
take the maximum of the two sums. For all TI terms
calculated from W we use V~2 dependence, for all TI
are calculated from Ispta or sqrt(Ispta) we use the
or its sqrt.

denote the N-th component
S, B, or C

Let: N

uon
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TIX - maximum { TIX_surface, TIX depth} for each X=$,B,C

Note: scaling with voltage: all W's are proportional to VT2
whereas Ispta uses the Isppa-C-factor behavior

6) Delta T: temperature rise at Xdcr surface

1
ar_skin/air(€) = ---- k_skin/air[c/W] < AperFct (SFSA) (1] * W0_rms_elec [mW]
1000
k_skin/air: head capacity (c/W]; from thermal measurements; from IS
for gel/air and gel/skin

AperFct: aperture function
AperFct = min (AperFct_max, BperFct_slope * SFSA + AperFct_intercept)

AperFct_max, AperFct_slope. nperFct_intercept from IS;
from thermal measurements

SFSA: stationary fractional surface area

measure of size of active scanned aperture
SFSA = spanned aperture over all firings for component. / max-xdcr-aperture
we approximate:
SFSA < a0x_scanned_12db(mm} / max_a0x_aperture [mm]

spanned means: all elements that are part of any firing during a frame
for the component count foxr the spanned aperture

1
WO_rms_elec [mW} = ---- g{freq) [umho] * Asqucan_sum[ll * <V"2»_rums [V2]
1000
NOTE: the scan-factor (SF) that appears for the A128, is taken
care of in the W0_rms calculation by ACQ

parameters for IECL1S57:

Maximum underated rarefactional pressure: Pr.0:

The maximum underated rarefactional Pressure in MPa.

This is essentially the same as the MI with two differences:
- no division by frequency
- ne tissue deration

Pr.0 = maximum of
over z
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c_mifi) = MI-C-factor model parameter (same as for MI)
W.0_min_acoust [W] = aMax(freg,cyc) (1) * Wo_min_elec (W]
wo_min_elec[W] o --- glfreq) [umho] * Asg_unsc_sumlaped, £f) * V_min"2{vz]
1076

aMax (freq, gNumber]) [1] . acoust conversion model param. from .

meas/ 1S

electrical conductance in uMho

glfreq]
(model param)

Asq_unsc_sum(apod, f#), A _ee beam: see above

min of xmt voltage for normalized

V_min{pulse shape) [V2]
apod.

V_min = V_max = Vpp/2
peak-to-peak of xmt voltage

rho = 1 g/cm3 density of water; comstant {(lg/cm”3)

c_H20 = 1.5246 mm/usec speed of sound: constant (in water)

Combination of several xmt componenents: take maximum

Ispta.0:

The underated spatial peak temporal average intensity

Same as Ispta without the tissue deration. Summed over modes and seg. foci.

Total (underated) average acoustic power

WO_rms_acoust [mR} = aAvg(freq) [1] * WO_rms_elec(mW]
. N .
WO_rms_elec [mW) = ---- glfreq) [umho] * Asg_scan_sum(1]*V_total xms"2{v2]
1000

elec. conductance from IS
(from xdcr group or thermal meas.)

"

g (freq) [umho]

Asq_scan_sum(apod, £4) = apodization values squared, summend over

&3] apod profile and then averaged over the component's
firings in one frame; calc by ACQ

rms values of xmt-voltage over all time for normalized

V_total_rms (V]
apod; calc by ACQ
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Iob = WO / max_az_aper * max_el_aper * max(sfsa)
Wo: underated average acoustic power (summed over modes and seqg foci)

max_az_aper: maximum azimuthal aperture
max_el_aper: maximum elevational aperture

sfsa: stationary fractional surface area (max over modes and seq focil
max (sfsa) : maximum over all modes and seg foci
Headrooms :

In order to account for xdcr variability, the acoustic and thexrmal
parameters (MI, Isppa, Ispta, TI, delta-T) can be raised by some
dB headroom. This headroom can be frequency dependent and comes
from the imaging spec. There are two headrooms, one for acoustic
and one for thermal parameters, per (sample grid) freguency.

The online code will intexpolate in frequency {in dB) or extrapoclate
by repeating the last value (constant extrapolation} and then

use the resulting @B values to scale the acoustic conversions and
head capacity:

acoustDB: acoustic headroom in dB interpolated to current output carrier

frequency.
thermDB: thermal headroom in dB interpclated to current output carrier
frequency.
then
ahvg HR = ahvg * 10 (acoustDB/10)
aMax_HR = aMax  * 10~ (acoustDB/10)
k_skin HR = k_skin * 10" {thermDB/10)
k_air AR = k_air * 10" (thexmDB/10)

and these conversions and specific heat factors are used in the
above formulas.

Summary of Param from ISM:

b{freq, ang, apod} [1] from meas/IS
axim E-factor{l] from meas/18
a0y (mm] elevational aperture from IS

Loy (freq. ang) [mm]

zfy (freg, ang) [mm]

elev E-factor(l]

CO0_sppa (freq.ang, ztx, apod) (1]
Vva_sppa (freq,ang, ztx, apod) (V]
p+-~-sppa{freq,ang, ztx,apod) {1]
aavg (Ereq, gNumbex) [1]
aMax(freq, gNumber} (1)

g(freq) [umho}

scan geom info

%_skin/air (C/W]

elev min e-e beam width from meas/IS
elev focus range from meas/IS

elev effective aperture from meas/IS
from meas/IS

from meas/1S

from meas/IS

from meas/IS

from meas/IS

elec. conductance from IS

info to convert res/pan box extend
from angle into mm; from IS

head capacity from meas/IS

40

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



—/
L T e T e T e T e T s T e O e O e O s B e O s O s R e T e T e T e T e T e T e O e T e T e T e T e R e R e B e |

WO 01/58357

AperFct_slope [1]
AperFct_intercept {1]
ApexPct_max[1]

vpp_ref

tau

V_pulse_runs_ref

electrical cenductance [uMho]
acoustic headroom{dB)
thermal headroom[dB]

Summary of Param calculated by Acq:

freq MRz}

z£x [mm}

usl angle[degl}
apod type[1)
Vpp_ref [V]

Vpp

taufusec)

frame time[usec)

frame time allocated te each mode(usec]
scan area or res/pan-box size{mm)
num_lines

a0x {mm)
a0x_scanned_12db {mm]
Asq_unsc_sum(apod, £§) [1}

As?_scan_sum (apod, f#,firings in frame)
1

A01(apod, £#, firings in frame} (1}

vpplVl (Vmax = Vpp/2}

Vpp = Vpp_ref * absolute scale

(84)

PCT/US01/03534

(thermal meas,

from meas/IS (thermal meas)
from meas/IS (thermal meas)
from meas/IS (thermal meas)
from Can's model

from Can's model

from Can‘s model

from IS (val vs freq table)
from IS (val vs freg table)
from IS (val vs .freg table)

output carrier freg (-3dB center freqg)
tx focus range

us-line angle

transmit apodization type

reference peak-to-peak voltage for
single elt with normalized apod

(from Can's model)

actual single elt Vpp for normal. apod
single elt xmt e duration from Can‘s
model

extent in mm or angle
number of scan lines

tx aperture

size of scanned active aperture, ie.
aperture comprised of all elts with
V_rms >= -12dB max(V_rms) for a
particular xmt component {in frame)

apodization values squared and
summed over apod profile of center
line; calc by ACO

apodization values squared and summend
over apod profile for each firing in
frame and then avexage over those;
calc by ACQ

lem-scanned_summed Apod: sum of apod.
values squared over a lcm long
aperture (central lcm); for the
frame's N-th firing of the component
square and sum the apod profile
truncated by the central lcm; then
average over all firings that compose
this component's frame.

pulse peak to peak for normalized apod

whexe Vpp_ref is calculated by Can's model

(Vmax or Vpp replaces:
(«V"2> min(pulse shape)
(

)
min of xmt voltage'2 )}
for normalized apod }
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V_pulse_:

rms [V] rms xmt voltaye averaged over pulse
for one element with normalized apod

V_pulse_rms = V_pulse rms_ref * absolute-scale

where:

V_pulse_res_ref is computed offline by Can's model
absolute-scale = Vpp / Vpp_ref

V_total_rums (V] rms xmt voltage averaged over all time

Summary

for one element with normalized apod.
This includes all firings in a
frame for this mode.
s0:
V_total_rms"2 = V_pulse_rms"2 * tau * FSC * num_lines / frame-time
where:
V_pulse_rms see above
t3u is the pulse duration computed as risetime by Can‘s model
FSC + num_lines means total number of firings for mode in frame

of Apodization sums:

i-th element‘s apodization for the j-th scan line
i-th element ‘s position for the j-th scan line
number of elts

= number of scan lines

= max over 11, i2 of ‘ X_ii_jo - X_i2_jo ‘

a0x
j0O = index of center line of scan area
a0x_scanned_12db = max over i1, i2 of X_i1 - X_iz
where il and i2 denoted any of pair of elements
/12\
S --
with Vvrms (i) »= 10 \20/ * max over i Vims (i)
Ni
A\ 2
Asq_unsc_sum = > | Ai_jo |
/
i=0
30 = index of center lime of scan area
Nj
1\ 2
Asqg_scan_sum = -- > [
Nj /
j=0
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1\ A / o2\
AOL = max lem -- > > trunc_tcm ( | A_i_j | )
Nj / \

j=0 i=0
lines elts

0 3f i-th lies outside the 1 cm along aperture

where trunc_lcm (Aij"2) =
= Aij~2 if i-th iies inside the lcm along aperture

NOTE: I have chosen to average over number of lines rather than just
to sum. This means that the Vrms would be over the time that any

line is fired

Vrms_total = Vrms_pulse * tau-pulse-length * FSC * pum lines / frame-time

where FSC * num_lines really means total number of firings per frame
{for this mode)

Even for A0l will be divide the sum by Nj. that is the total number of
lines not just the ones that contribute to the sum.

Summary of Electrical Power Parameters:

Wo_min_el [W] = 107-6 * g(freq) [umbo] * Asg_unsc_sum[1] * <V"2> min(v2]
WO_pa_el W] = 107-6 * gl{freq) [umho] * Asg_unsc_sum[1] * <V72> PA[V2]
wo_rms_el  {mW] = + g(freq) {umho} * Asg scan_sum[l] * <V"2>_rms [V2]
wol_rms_el [mW] = 10°-3 * g(freq) [umbo] * 201T2) % <V 2>_rms (V2]

acutal management:

1} short time constants (MI, Isppa_t)

These are mode specific. Managed in two phases, first estimate
some values for a “artificial’ value of V (this includes the
parameters that tell how to “gcale® the value for other V's)

~2
Isppa_t (V) = Lsppa_t(V0) * ----- + {1 - P+~
vot2 A\

So for Isppa_t(V) is determined by S paramters:
isppa_t (V) = fct (Isppa_t(V0), VO, P+, P-. V)
MI (V) - fct (MI_Vo, V0, P+, P-, V}
Se, we calculate the V that gives the Isppa_t at the limit.

2) long time constants (TI, DT, Ispta_t

a) Ispta:
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managed in three steps:
) Each mode is limited tc a mode maximum value from IS
2) The total Ispta is limited to the sum limit from IS (FDA limit})

by reducing each mode proportional to its value after step 1
3) Bach mode is limited to the currently user selected Ispta limic

b} TI and DT

a1l modes are calculated over whole frame and then summed according
to summing formulas

3) managing

first calculate maximum short time voltage for each mode (either
limited acoustically or thermally)

based on this voltage each mode calculates Ispta and reduces voltage
if necessary to meet Ispta limits.

TI and DT are calculated and V is reduced proportionally for each
mode to make DT below the limit.

Electrical limits are calculated and V is again reduced proporticnally
if necessary.

Finally further reduction if the user has a lower limit on MI or Ispta
selected or has as @B reduction selected.

Questions/Note;

- Note: peak apod not needed

- Note: MI evaluated at z_MI_max, not z_ PII.3 max

- Note: rho * c: density/speed are water values

- Note: V"2 for normalized apod

- Note: Asq_scan_summed should be averaged over firings in frame

_ Note: res—box-Size is the arc for sector/vector/curved linear

- Note: c¢_sppa for Ispta_t

- Note: Ispta_t is using center line values for beam-area and C_sppa

- Note: currently just adding Ispta_t's -~ no optimization over z
The opt could be used in verify or what do regulations say?

- Note: The factoring of W_rms into space and time reasonable even
if both V_i and Apod_i change with i-th firing in frame

- Note: A0l is averaged over line firings, summed over each elt per line
firing.

- Note: V dependence of TI: either V"2, c-factor or sqrt (c-factor)

- Note: CW should fall out

_ Note: We will base the single line parameters on the broadside line
Even if the broadside line lies outside the pan/res box

? RuxCW ?

single line firing parameters (per xmt component) :

Float outputCarrierFregqMiz; // Can's model
Float usLinekngleDeg;

Float xmt FocusMm;

1d basefpodTypeld;
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Float xmtVppV ;

Float xmEApercureMm; // arc length for curved linear

Float “derCurvatureRadiusMm; // infinite for linear stacks

or

Float xmtAperChordMm; // = xmtapertureMm for linear stacks
// = choxd for curved linear stack
77 or use radius of curvature instead

Float elevapertureMm;

Float refPulseVppV: // Can's model

Float refPulseRmsV; // Can's model

Float refPulseTaulSec; // Can's model

Float electConductanceUMho;

Float sumApodSquares; // for the single line: sum over elements

scanning parameters (per Xmt Component) :

Float frameTimeUSec; // only one {not per component}

Float numFirings;

Float linearResBoxSizeMm; // for linear scan format

Float angleResBoxSizeDeg; 7/ for sector,vector,curved-linear

Float resRadiusCffsetMm; // for sector,vector,curved-linear

Float sumSumhpodSquares; // Bpod"2 summed over firings summed over elts

Float trunclCmSumSumbpodSy; // Apod”2 summed over firings summed over elts
// truncated to max lcm of xmt aperture

Float aperScannedl2dbMm; // scanned apert. w. Vrms within -12db of max

approximations mads

negative voltage amplitude is approximated by 1/2 of the envelope peak-

to-peak voltage
2) aperScannedl2db is approximated by SFSA * max-aperture

CW mede:

fits paturally into the model, it is not measured separately.
However, some input parameters are arbitrary as long as certain
relationships are preserved: °

1) refPulseRmsV = 1/4 * sqrt{2) * Vpp
2} tau * Num-pulses-per-frame = frame-time * mode- frame-time-fraction

where tau, Num.. and frame-time are arbitrary

45

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



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

20

25

(89)

‘WO 01/58357 PCT/US01/03534

What is claimed is:

1. For use with a medical diagnostic ultrasound imaging system operative to
generate an ultrasound image and comprising a transducer operative to transmit an
utrasonic beam. a method for determining an acoustic output parameter of the
transmitted ultrasonic beam in a user-selected region in the ultrasound image. the method
comprising:

(a) transmitting an ultrasonic beam from a transducer of a medical diagnostic
ultrasound imaging system;

(b) generating an ultrasound image with the medical diagnostic ultrasound
imaging system;

(©) receiving. from a user. a selection of a region in the ultrasound image; and

(d) determining an acoustic output parameter of the transmitted ultrasonic

beam in the user-selected region.

2. The invention of Claim 1 further comprising:

(e) providing an indication of the determined acoustic output parameter.

3. The invention of Claim 2, wherein (e) comprises displaying the determined

acoustic output parameter.

4. The invention of Claim 1, wherein the user-selected region comprises a single
point.
S. The invention of Claim 1, wherein the user-selected region comprises a plurality

of points and wherein (d) comprises determining a respective acoustic output parameter

for each of the plurality of points.
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6. The invention of Claim 5. further comprising:
(e) providing an indication of the determined acoustic output parameters for

the plurality of points.

7. The invention of Claim 6 wherein (e) comprises providing an isobar

representation of the determined acoustic output parameters for the plurality of points.

8. The invention of Claim 6 wherein (e} comprises providing a map representation of

the determined acoustic output parameters for the plurality of points.

9. The invention of Claim § wherein (e) comprises praviding a grayscale map

representation of the determined acoustic output parameters for the plurality of points.

[0.  The invention of Claim 8 wherein (€) comprises providing a color map

representation of the determined acoustic output parameters for the plurality of points.

11, The invention of Claim 5 further comprising:
(¢)  determining a distribution of the determined acoustic output parameters

for the plurality of points.

12.  The invention of Claim 11 further comprising:
[¢3] providing an indication of the determined distribution of the determined

acoustic output parameters for the plurality of points.

13. The invention of Claim 12, wherein (f) comprises displaying the determined

acoustic output parameters for the plurality of points.
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14.  The invention of Claim 1 further comprising:
(e} achieving a specified acoustic output parameter of the transmitted
ultrasonic beam in the user-selected region by automatically adjusting an operating

parameter of the medical diagnostic ultrasound imaging system.

1S.  The invention of Claim 1 further comprising:
(e) determining acoustic attenuation of the transmitted ultrasonic beam; and
) correcting the determined acoustic output parameter for the determined

acoustic attenuation.

16.  The invention of Claim 1. wherein the acoustic output parameter is determined
using an acoustic model, and wherein the invention further comprises calibrating the
acoustic model with an in vivo measurement of contrast agents with different non-linear

response levels.

17.  For use with a medical diagnostic ultrasound imaging system operative to
generate an ultrasound image and comprising a transducer operative to transmit an
ultrasonic beam, a method for achieving a specified acoustic output parameter of the
transmitted ultrasonic beam in a selected region in the ultrasound image, the method
comprising:

(a) transmitting an ultrasonic beam from a transducer of a medical diagnostic
ultrasound imaging system;

(b} generating an ultrasound image with the medical diagnostic ultrasound
imaging system;

(c) selecting a region in the ultrasound image; and

) achieving a specified acoustic output parameter of the transmitted
ultrasonic beam in the selected region by automatically adjusting an operating parameter

of the medical diagnostic ultrasound imaging system.
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18. The invention of Claim 17. wherein (¢} comprises automatically selecting a region

in the uitrasound image.

19.  The invention of Claim 17. wherein (c) comprises automatically selecting a region

at a specified image depth in the ultrasound image.

20,  The invention of Claim 17, wherein (c¢) comprises automatically selecting a region

at a transmit focus of the transmitted ultrasonic beam.

21.  The invention of Claim 17, wherein (c) comprises receiving. from a user. a

selection of a region in the nitrasound image.

22.  The invention of Claim 17 further comprising:

(e) providing an indication of the achieved acoustic output parameter.

23. The invention of Claim 17, wherein (e) comprises displaying the achieved

acoustic output parameter.
24.  The invention of Claim 17, wherein the selected region comprises a singie point,

25. The invention of Claim 17, wherein the selected region comprises a plurality of

points.

26.  The invention of Claim 17 further comprising:

(e) determining an acoustic output parameter of the transmitted ultrasonic
beam in the selected region;

) determining acoustic attenuation of the transmitted ultrasonic beam: and
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(@ correcting the determined acoustic autput parameter for the determined

acoustic attenuation.

27. The invention of Claim 17 further comprising:

(e) determining. using an acoustic model. an acoustic output parameter of the
transmitted ultrasonic beam in the selected region; and

€3] calibrating the acoustic model with an in vivo measurement of contrast

agents with different non-linear response levels.

28. For use with a medical diagnastic ultrasound imaging system operative to
generate an ultrasound image and comprising a transducer aperative to transmit an
ultrasonic beam. a method for providing an indication of an acoustic output parameter of
the transmitted ultrasonic beam in a selected region in the ultrasound image, the method
comprising:

(a) transmitting an ultrasonic beam from a transducer of a medical diagnostic
ultrasound imaging system;

(b)  generating an ultrasound image with the medical diagnostic ulirasound
imaging system;

(c} selecting a region in the ultrasound image, the selected region being
different from a region containing a peak acoustic output parameter of the transmitted
ultrasonic beam;

(d)  determining an acoustic output parameter of the transmitted ultrasonic
beam in the selected region; and

(e) providing an indication of the determined acoustic output parameter.

29.  The invention of Claim 28, wherein (c) comprises automatically selecting a region

in the ultrasound image.

50

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



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

20

(94)

‘WO 01/58357 PCT/US01/03534

30. The invention of Claim 28, wherein (c) comprises automatically selecting a region

at a specified image depth in the ultrasound image.

31. The invention of Claim 28, wherein (c) comprises automatically selecting a region

at a transmit focus of the transmitted nltrasonic beam.

32. The invention of Claim 28. wherein (c) comprises receiving, from a user, a

selection of a region in the ultrasound image.

33. The invention of Claim 28, wherein (e) comprises displaying the determined

acoustic output parameter.
34.  The invention of Claim 28, wherein the selected region comprises a single point.

35.  The invention of Claim 28, wherein the selected region comprises a plurality of
points and wherein (d) comprises determining a respective acoustic output parameter for

each of the plurality of points.

36.  The invention of Claim 35, wherein (e) comprises providing an indication of the

determined acoustic autput parameters for the plurality of points.

37.  The invention of Claim 35, wherein (e) comprises providing an isobar

representation of the determined acoustic output parameters for the plurality of points.

38.  The invention of Claim 35, wherein (¢) comprises providing a map representation

of the determined acoustic output parameters for the plurality of points.
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39.  The invention of Claim 38 wherein (e) comprises providing a grayscale map

representation of the determined acoustic output parameters for the plurality of points.

40.  The invention of Claim 38 wherein () comprises providing a color map

representation of the determined acoustic output parameters for the plurality of points.

41.  The invention of Claim 35 further comprising:

) determining a distribution of the determined acoustic output parameters

for the plurality of points.

42. The invention of Claim 41 further comprising:
(g) providing an indication of the determined distribution of the determined

acoustic output parameters for the plurality of points.

43, The invention of Claim 42, wherein (g) comprises displaying the determined

acoustic output parameters for the plurality of points.

44.  The invention of Claim 28 further comprising:
®) achieving a specified acoustic output parameter of the transmitted
ultrasonic beam in the selected region by automatically adjusting an operating parameter

of the medical diagnostic ultrasound imaging system.
45.  The invention of Claim 28 further comprising:

) determining acoustic attenuation of the transmitted ultrasonic beam; and

(g)  correcting the determined acoustic output parameter for the determined

acoustic attenuation.
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46.  The invention of Claim 28, wherein the acoustic output parameter is determined
using an acoustic model, and wherein the invention further comprises calibrating the
acoustic model with an in vivo measurement of contrast agents with different non-linear

response levels.

47. For use with a medical diagnostic ultrasound imaging system operative to
generate an ultrasound image and comprising a transducer operative to transmit an
ultrasonic beam, a method for providing an indication of a location of a region in the
ultrasound image in which an acoustic output parameter of the transmitted ultrasonic
beam is determined, the methad comprising:

(a) transmitting an ultrasonic beam from a transducer of a medical diagnostic
ultrasound imaging system;

(b generating an ultrasound image with the medical diagnostic ultrasound
imaging system;

(c) determining an acoustic output parameter of the transmitted ultrasonic
beam in a region in the ultrasound image;

(d)  providing an indication of the determined acoustic autput parameter; and

(e} providing an indication of a location of the region in the ultrasound image.

48. The invention of Claim 47, wherein the acoustic output parameter comprises a
peak acoustic output parameter and wherein the location comprises a location of the peak

acoustic output parameter.

49.  The invention of Claim 47, wherein the acoustic output parameter comprises
mechanical index and wherein the location comprises a location associated with the

mechanical index.

50. The invention of Claim 47, wherein (e) comprises providing a visual indicator on

the uitrasound image at the region in the ultrasound image.

53

SUBSTITUTE SHEET (RULE 26)

JP 2004-514461 A 2004.5.20



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

W

25

97)

‘WO 01/58357 PCT/US01/03534

51. The invention of Claim 47, wherein (e) comprise providing an indication of a

range of the region.

52, The invention of Claim 1. 17, or 28. wherein the region is selected from the group
consisting of a point, at least one point in a line. at least one point enclosed by an arbitrary

shape, and at least one point enclosed by a predefined shape.

53. The invention of Claim 1, 17, or 28, further comprising displaying a mechanical

index value of the transmitted ultrasonic beam.

54.  The invention of Claim 1. 17, 28, or 47. wherein the acoustic output parameter

comprises an index of a thermal acoustic output of the transmitted ultrasonic beam.

55. The invention of Claim 1, 17, 28, or 47, wherein the acoustic output parameter

comprises an index of a mechanical acoustic output of the transmitted ultrasonic beam.

56. The invention of Claim 1, 17, 28, or 47, wherein the acoustic output parameter is

operative to affect contrast agent modification.

57. The invention of Claim 1, 17, 28, or 47, wherein the acoustic output parameter is

operative to affect a drug-carrying vessel.

58. The invention of Claim 1, 17, 28, or 47, wherein the acoustic output parameter

comprises acoustic power of the transmitted ultrasonic heam.

59. The invention of Claim 1, 17, 28, or 47, wherein the acoustic output parameter

comprises acoustic energy of the transmitted ultrasonic beam.
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60. The invention of Claim 1, 17, 28. or 47, wherein the acoustic output parameter

comprises acoustic pressure of the transmitted ultrasonic beam
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