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Title of Invention
ULTRASONIC IMAGING ABERRATION CORRECTION USING HARMONIC AND NON-HARMONIC SIGNALS

Detailed Description of Invention[

O O This invention relates to ultrasonic diagnostic imaging systems and, in part
icular, to ultrasonic diagnostic imaging systems with aberration correction base
d upon harmonic and non-harmonic signal analysis.
O O The geometric delay calculations used by ultrasonic transducer array beamfor
mers are generally predicated upon the assumption that the speed of sound throug
h the body being imaged is a known constant. However, the reality is that the b
ody generally provides non-homogeneous tissue paths which can cause different ph
ase and amplitude distortions and arrival time fluctuations to the wave fronts a
cross the array transducer aperture.
As a result, an exact focus of transmitted and received beams may not always occ
ur. In theory many of these effects can be overcome by adjustment of the delays
used to focus the transmitted and received beams.
Determining the delay adjustments needed, and doing so adaptively and in real ti
me, have been the subject of investigations for many years. One approach involv
es cross correlating echoes received by neighboring transducer elements or group
s of elements to estimate arrival time differences. Another approach has been t
o vary focusing delays so as to maximize the brightness of speckle or reflectors
in the image field. While many of these efforts have tried to provide compensa
tion for time shifts in the receiving aperture, others have looked to provide ti
me-shift compensation for the transmit aperture. Many of these approaches are i
terative in nature, and face the problems of converging to an acceptable result
with an infinitely variable and at times moving combination of reflectors and ab
errators in the image field. All have faced the challenges of intensive computa
tion and signal processing and the need to know when the appropriate level of co
mpensation has been provided.
0O 0O0OUS Patents 6,023,977, 6,131,458, and 6,223,599 have addressed the problem
from the perspective of the analysis of signals of different frequencies, in par
ticular, various combinations of fundamental and harmonic frequency signals. Th
e various embodiments proposed by these patents use fundamental or harmonic or b
roadband frequencies to compute aberration correction estimates for fundamental
or harmonic images. In several embodiments both the fundamental and harmonic ba
nds of the echo signals are used to derive separate aberration correction estima
tes, which are then averaged together in the hope that one of the estimates is m
ore stable and will dominate the result. OFf course if one estimate is correct a
nd the other erroneous, the correction is made less accurate by the averaging pr
ocess. The algorithms used for aberration estimation in these patents are varia
tions of the cross-correlation technique mentioned above, in which signals from
a subarray of four elements are correlated with signals from an adjacent subarra
y; the signals from a subarray are correlated against a sum of subarray signals;
or the signals from a subarray are correlated against a previously stored subar
ray signal. These algorithms all derive relative phase adjustments rather than
adjustments based upon any known or absolute reference. It is desirable to prov
ide an aberration correction technique which is fast, accurate, and provides cor
rections toward an absolute measure of image quality.
O OO In accordance with the principles of the present invention, aberration cor
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rections are computed by comparing harmonic and non-harmonic images to derive ab
erration correction estimates. 1In a preferred embodiment the harmonic image is
a reference image against which aberrations in the non-harmonic image are compar
ed. A preferred acquisition technique is to transmit at a frequency T and recei
ve at a frequency n*f to acquire the harmonic image and to transmit at a frequen
cy n*f and receive at a frequency n*f to acquire the non-harmonic image. 1In a p
referred embodiment the aberration correction estimates are produced by ck-propa
gating the image data to find the aperture correction data for the two images.
The inventive technique is particularly useful for aberration correction of data
from a two dimensional array which is divided into NxM subarrays.

O O O Referring first to FIGURE 1, an ultrasound transducer 10 is depicted imag
ing the body. In this illustration it is desired to produce an image from echo
signals returned from sound wave scatterers 76 within the body. These scatterer
s may be the tissue of an organ to be imaged such as the heart. Ultrasound waves
, which may be transmitted (as indicated by arrow 82) and received (as indicated

by arrow 84) as steered and focused beams, are transmitted and received by the
transducer 10. As the wave fronts travel into the body they initially encounter

non-homogeneous tissue 72. This tissue may typically comprise the skin, fat, m
uscle and ribs which are located beneath the skin, as are often found in the abd
omen and chest wall. The wave fronts may travel at a slightly different velocit
y through this non-homogeneous tissue than the velocity assumed by the geometric

focus equations of the ltrasound system. Different wave fronts from an array t
ransducer, which take slightly different paths to the scatterers 76, can arrive
at the scatterers at slightly different times rather than simultaneously as inte
nded at the focal point. The n-homogeneous tissues are also encountered by the

echo wave fronts on their return to the elements of an array transducer. The a
berrators of the non-homogeneous can thus result in less than optimal focusing o
f the received signals, as the delays computed by the geometric focus equations
to bring the signals from the elements of the array into time coherence do not t
ake the time shifts caused by the aberrators into account.

O 00O In accordance with the principles of the present invention, aberration co

rrection is done by comparing harmonic and non-harmonic echo signal data. 1In a
preferred embodiment an ultrasound wave is transmitted by the transducer 10 at a
frequency f and harmonic echo signals at a frequency n*f are received. In the

following example the second harmonic will be used, in which case n=2, although
other harmonics or subharmonics may be used. As the waves at the fundamental fr
equency f pass through the on-homogeneous tissue 72 they are affected by the abe
rrators in the tissue and time-shifted in relation to the aberrators encountered
However, the resulting phase distortion is relatively small by reason of the
relatively low frequency f of the transmit waves. The waves then pass through s
oft tissue 74 on their paths to the scatterers 76 and by doing so the non-linear
media of the soft tissue distorts the waves, causing harmonic signal components
at the frequency 2f to develop. Harmonic development increases as the pressure
wave comes into focus in the region being imaged. Since the majority of harmon
ic development occurs after passage of the waves through the non-homogeneous med
ia, the harmonic wave components are relatively unaffected by the aberration eff
ects of this tissue. The harmonic signals are reflected by the scatterers 76 an
d the echoes return to the transducer 10 for reception.
O 0O 0O The transducer also transmits and receives fundamental frequency signals.
In the preferred embodiment the fundamental frequency signals are transmitted a
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t a frequency of nf and received at the frequency nf. In this example where n=2
, the transmitted frequency is 2f. As the waves at this frequency travel throug
h the non-homogeneous media 72, they are affected by the time-shifts caused by t
he aberrators of the non-homogeneous tissue which cause relatively significant p
hase shifts at the higher frequency of 2f. The fundamental frequency waves 2f a
Iso do not enjoy the benefit of developing after passage through the non-homogen
eous tissue as the harmonic signals did. The fundamental frequency signals arri
ve at the scatterers 76 and are reflected back to and received by the transducer
10.
O OO In the absence of aberration effects the harmonic and non-harmonic receive
d signals, both at a frequency of 2f, should be substantially identical. As dis
cussed below, this will be substantially the case when there is no intervening m
otion between transmit events and the round trip spectral response of the signal
s is equalized by considerations such as the relative transmit power or gain com
pensation applied to the fundamental and harmonic echoes (B/A). But in the pres
ence of aberration the non-harmonic signals should be significantly more degrade
d with respect to the harmonic signals for the reasons given above. Thus the ha
rmonic signals are used as a baseline or reference against which aberration effe
cts in the non-harmonic signals are compared and aberration corrections made.
OO0 In accordance with a further aspect of the present invention, the harmonic
and non-harmonic signals are compared by the process of back propagation. The
echo data of both types of signals is back-propagated to determine the aperture
data for the two signal types and a complex ratio of the aperture data is formed
to produce an estimated aberration correction. The aberration correction value
s are combined with the geometric focus delay values (or the geometric focus del
ay values as modified by previous aberration correction) to produce aberration c
orrected beamformer delays.
O 0O0OA mathematical derivation of this aberration correction is as follows. Th
is analysis assumes a narrow band far field (or focal point) approximation to si
mplify the mathematics. All ultrasound acoustic lines are described in k-space
by a unit vector centered at the center of a phased array transducer and pointin
g along the direction of the acoustic line. The full aperture of the transducer
is used to transmit sound waves into the body. Data is gathered at a sequence
of transmit angles covering a plane or volume of interest. The transmit pressur
e at the surface of the array can be described mathematically by:

- j27r~F—;';o

I?T' = ‘Al(Jc)ez ¢

where k, is the steering vector, the vector x describes the locations of the tra
nsmit elements, and the function A describes any apodization as well as defining
the aperture. The phase term describes the steering phase, F is the transmit f
requency, and C is the speed of sound.

O OO The non-homogenous chest wall is assumed to have no effect on low frequenc

y propagation, but adds an amplitude and phase error
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o a(x)+jp(x)

e

[

O

to the local pressure at high frequencies.

O 00O Transmit beam formation occurs in the tissue following the chest wall. As
the transmit wave front passes through the body it forms a beam profile given b

y:

— -

C - - —J2m—kex —

Bk)=[[P(x)e "¢ ox

[

[

a

where F= frequency, P = local pressure, and C = sound velocity. The non-linear

media 74 generates a second harmonic of the pressure proportional to the square
of the incident pressure. The scatterers reflect the pressure and weight it by

[ —

- S(k)

[

O

A single transducer receive element is used to interrogate the returning wave.

Since a single element has no directionality, it integrates pressure over all k
space:

R(k,) = [[ P(k)ok

This receive data is stored for each transmit steering angle k, and then * back
propagated” to find the equivalent aperture data using a Fourier transform:

_‘_.

.y —

GO)= [[Rikg)e "< ok,

where R is receive data for a transmit steering angle given by k, and vector y i
s the position in the aperture. The function G(y) is compared for the non-harmo
nic and harmonic cases with the ratio of the back-propagated harmonic and non-ha
rmonic data providing the aberration estimate. The details of this analysis are
shown in Table 1. An important consideration to note in the detailed analysis
is that the scattering term S(x) does not appear in the final result. This mean
s that the aberration estimates are independent of the scatterer targets being i
maged. For practical systems the integrals used to calculate G(y) are replaced
by discrete summations.
O Table 10

C
L
L
{
u
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Location | Pressure at specified location for Pressure at specified location for
transmitting at F transmitting at 2F
and receiving at 2F and receiving at 2F
At F- 2F -
)2n-‘x0ko 285 xeko
transducer A(x)e A(x)e ¢
surface
After non- ,zﬂfx-ko - j2n%;-;o+a(;)+jﬂ(;)
homogeno | A(x)e A(x)e
us media
After B R - - - -

- j2n—(ko—k)ex — —~  j2r=—(ko-k)ex+a(x)+jp(x) .~
transmit I I A(x)e ¢ Ox ﬂA(x)e ¢ Ox
beam
formation
After non- L F = = - ) N

—  j2r—(ko-k)ex — —  j2r—(ko—k)ex+a(x)+jpf(x) —
linear [[[4C)e M [[a(e< ox
media

F - - - -
j2rs(o-k)e(xry)_~ _—
¢ Ox0y

=[[ [J4c)a0e

« ([ (ff AG)AG - )51 e o
=[] faenacs- TR

F Go-tyor —

« [ 4@e" e Gbre s
A= [[4@ )7)A(2£ ~25)dy
Reflected (ko Byox_—

C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C
L
L
C
L
L
{
L
C

"ﬂﬁ-o—_‘;+ﬂ;+' :-c -
pressure | [[S(0)A'Co)e”” ox [[s@ace”™ <" gx
from
scatterers
At single - = 20 e-Fyer — - o—k)er+a(x)+jB(X) — —
roeive | ([ [[SGA e vk, [[[[s@ace" TR BraGr® o
element L 2F - 22 T 18

= [[SGoa: ™ ={f SEAFEeE < " ox

- — jz,,E; .; - - - jZIIEI_( -; —

where S(x) = [[S(k)e’ ok where S(x) = [[S(hye " ok
Back - =~ 2 EReGp) ~ - 72 kol HaAG) = =
Propagate | G)= [[ [ SG e’ 0x0ks | G)= [[[[SGe”™ <ty
d data

G()=SHA4'(Y) G(5) = S@)A@)ea(;)+jﬂ(;)
Dividing AG) Gy
column 1 Ratio = A'_()?e (62L57:16))
into (y )
column 2
gives:

O

OO0 The preceding analysis is for a full transmit aperture and a single receiv
e element. Other embodiments discussed below utilize a subarray of receive elen
ents.

OO0 An ultrasonic diagnostic imaging system constructed in accordance with the
principles of the present invention is shown in FIGURE 2. A probe 12 includes
an array transducer 10 composed of elements 10e. The array transducer transmits
and receives scanlines over an image field 14. In this embodiment the probe 12
is a phased array probe which scans the image field by steering scanlines at di
fferent angles over the image field, although the invention is equally applicabl
e to linear array and other transducer types. The probe 12 is connected to a tr
ansmit beamformer 20 and a receive beamformer 24 by a transmit/receive switch 16
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which protects the receive beamformer from high energy transmit pulses. Steeri
ng and focusing of the beams transmitted by the transmit beamformer is accomplis
hed by transmit delay values provided by a beamformer delay generator 26, which

also furnishes receive delay values to the receive beamformer to steer and dynam
ically focus received beams. The beamformer delay generator may access a librar

y of geometric focus delay tables which are provided to the beamformers for a de

sired beam angle and focus, or the delay generator may compute delay values for

the beams prior to individual transmit-receive sequences. The transmit beamform

er is responsive to a frequency control 22 which controls the frequency of the t

ransmit waves, that is, either transmission at a fundamental frequency f or at a
higher frequency nf.

O 0O 0O The receive beamformer 24 forms coherent scanline data which is coupled to
a detector 40. The detector may perform amplitude detection for B mode imaging
or spectral detection for Doppler imaging. Detected echo signals are provided

to an image processor 42 which processed the scanline signals into the desired i

mage format. The resultant image is displayed on a display 44.

O OO The receive beamformer 24 is also coupled to a harmonic echo data memory 3

2 and a non-harmonic echo data memory 34.

When the receive beamformer is receiving harmonic echo data 2f in response to fu

ndamental frequency f transmission, the harmonic image scanlines are stored in m

emory 32. When the receive beamformer is receiving fundamental frequency data 2

f from fundamental frequency 2f transmission the fundamental image scanlines are
stored in memory 34. If aberration correction is only to be performed at a dis

crete range r in the image field the memory size may be minimized by only gating
echo data at the range r to the memories 32 and 34, which may be different stor

age areas of a single memory device. Aberration correction may be done for a pa
rticular image range r where the scatterers to be imaged are located such as the
transmit focal range, or for a plurality of different ranges. The harmonic and
non-harmonic image data is provided to an aberration correction processor 30 wh

ich equalizes the harmonic and non-harmonic data for known systemic differences
and compares the non-harmonic data to the harmonic data to estimate aberration c
orrection values. The comparison is done by back propagation and comparison of
the harmonic and non-harmonic data sets as more fully described below. The aber
ration correction values are coupled to the beamformer delay generator 26 where
they are combined with the geometric delay values for the production of aberrati
on-reduced ultrasonic images.

O 0O0OFIGURE 3 illustrates the aberration correction subsystem of the ultrasound
system of FIGURE 2 in greater detail. When a broadband array transducer is use

d for imaging, the receive beamformer, absent any filtering, will produce broadb

and scanline data. |In this example the harmonic used is the second harmonic and
it is necessary to extract the harmonic from the broadband signal. This is acc

omplished by a filter 46 set to pass the harmonic frequency 2f. The filter 46 m

ay also separate harmonic signals from the fundamental signals by pulse inversio

n processing as described in US Pat. 5,951,478. The scanlines of the second har

monic image f,, are stored in memory 32. When the scanlines at the fundamental

frequency 2f are received they may be passed by the 2f filter 46 or the filter m

ay be bypassed. The non-harmonic image scanlines are then stored in the 2f memo

ry 34. The high frequency signals from the filter 46 are demodulated by mixing
them to a baseband frequency range to reduce the amount of data and hence the ba
ndwidth required for the aberration correction subsystem.
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O O 0O The harmonic and non-harmonic data sets are equalized for systemic differe
nces by an f,,:2f equalization processor 62. It is desirable for the two data s
ets to have the same equivalent aperture and bandwidth, for one example. The ro
und trip spectral response of the two data sets can be adjusted to be identical,
for another example. In the latter case more transmit pulses can be used at th

e higher transmit frequency 2f of the non-harmonic data or compensating receive

filter adjustments can be made. In the former case the same aperture width can

be used for the two data sets. To make a fundamental image look like a harmonic
image triangular aperture weighting is used during fundamental imaging with a 1

D array, or pyramidal weighting for the square or rectangular aperture of a 2D a

rray. |If transmit apodization is not available, the apodization weighting is ap

plied to the back propagated receive data.

OO0 The equalized data sets are back propagated by Fourier transformation of e

ach data set by a Fourier transform processor 64. The purpose of back propagati

on is to make a comparison of signals in the aperture domain. It is desirable t

0 estimate aberration effects in the aperture domain, as this is the domain in w

hich the corrections can be applied (e.g., gain and/or phase adjustment of each

element in the active aperture). The changes in waveform amplitude and shape wh
ich were produced by propagation of the aberration time-shifted wave front to th

e receiving aperture may be removed by the applied corrections. Back propagatio

n is done by using a Fourier transform applied across the image angles, that is,
the differently steered scanlines of each data set. The results of the Fourier
transform are compared by a phase comparison or an amplitude comparison of the

two results as by a division of the non-harmonic and harmonic results by an aper

ture ratio calculator 66. The comparison can be done by taking a ratio of the b

aseband signals, using a phase detector, taking a ratio of amplitude-demodulated
signals, or a cross-correlation of the two signals. The complex ratio of the b

ack-propagated data sets gives measured aberration correction values for both ga
in and phase correction.

O 0O 0O While the mathematical analysis given at the outset of this specification

was for reception by a single transducer element, a single element is non-select
ive as to region. The use of a group of receive elements as a subarray enables

the use of steered and focused beams and the estimation of different aberration
values for different regions of tissue, as well as improved signal-to-noise.

This is done by steering a receive subarray to an image region for which aberrat
ion data is to be obtained.

Transmission is now done over a range of transmit steering angles to fully cover
the region within the receive beam profile. The receive steering angle is held
fixed. Harmonic and non-harmonic image data is acquired in this manner and sto

red for processing to generate the aberration correction values for the region.
The use of a subarray of elements also fits well with subarray beamforming ofte

n used for three dimensional imaging with a 2D array as shown in US Pats. 5,229,

933 and 5,997,479. A separate aberration correction value may be estimated for

each group of elements and the size of a group using the same value may be selec

ted to correspond to the aberrator size. The range of steering angles over whic

h the same correction value is used may be selected, as well as the range of ele

ments which use the same correction value. The two are related, as a larger ran

ge of steering angles corresponds to a smaller number of transducer elements.

OO0 In a 2D array embodiment to provide aberration correction during three dim

ensional imaging, a 2D array of 48 elements by 60 elements may be divided into a
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n NxM array of 12 groups by 12 groups. This results in each group being a 4 by
5 group of 20 elements. When the subsystem of FIGURE 3 is used for aberration c
orrection, 12x12 or 144 2D Fourier transforms are calculated for each data set.
The Fourier transforms can be done over 20 steering angles, 4 in elevation and
5 in azimuth.
O 0O0OWhile it is possible to do the transmission and reception of both harmonic
and non-harmonic data sets at the beginning of every image frame, if neither da
ta set is used for the image frame the frame rate will be reduced to a third of
the frame rate Without compensation. To avoid this frame rate reduction the im
aged data set can be used for one of the aberration correction data sets. The a
cquisition of the data sets can be done on a periodic basis such as once every t
en image frames. The acquisition and correction can be done on a time-interleav
ed basis, where the acquisition and correction of only one or a few subarrays or
for one or a few ranges can be performed between image frames. Over the course
of a number of image frames the entire array and image field will be corrected
and then updated.
Brief Description of Drawings
OO OFIGURE 1 illustrates an imaging scenario in which the wave fronts encounte
r aberrators as they travel through the body;
O 0O 0OFIGURE 2 illustrates an ultrasonic diagnostic imaging system constructed i
n accordance with the principles of the present invention; and
O 0O0OFIGURE 3 illustrates details of the aberration correction subsystem of the
ultrasonic imaging system of FIGURE 2.

Claims

OO00O01. A method for providing aberration correction values for an ultrasonic
transducer array beamformer comprising:

O O 0O acquiring harmonic echo data from an ultrasonic image field which may cont
ain aberrators;

O O O acquiring non-harmonic echo data from the ultrasonic image field;

O O O comparing the non-harmonic echo data to the harmonic echo data to estimate
aberration correction values; and

O 0O 0O applying the aberration correction values to the beamformer.

O0002. The method of Claim 1, wherein comparing further comprises using the h
armonic echo data as a low-aberration reference.

O00O003. The method of Claim 2, wherein acquiring harmonic echo data comprises
acquiring harmonic echo data having a given frequency; and wherein acquiring non
-harmonic echo data comprises acquiring non-harmonic echo data having the given
frequency.

O0O0O4. The method of Claim 3, wherein acquiring harmonic echo data comprises
acquiring the second harmonic of a fundamental transmit frequency.

OO005. The method of Claim 1, wherein comparing further comprises performing
a cross-correlation of harmonic and non-harmonic echo data.

O0O006. The method of Claim 1, wherein comparing further comprises back propag
ating the harmonic and non-harmonic echo data.

O0O007. The method of Claim 6, wherein comparing further comprises forming a c
omplex ratio of the back-propagated harmonic and non-harmonic echo data.
OO0O0O8. The method of Claim 1, wherein comparing further comprises equalizing
the harmonic and non-harmonic echo data for a systemic difference.

O00O009. The method of Claim 8, wherein equalizing comprises applying at least
one of a triangular and pyramidal apodization during acquisition of the non-harm
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onic data set.

O 0O010. The method of Claim 1, further comprising demodulating the harmonic a
nd non-harmonic echo data prior to comparing.

O 0O011. An ultrasonic diagnostic imaging system which is corrected for speed
of sound aberration comprising:

O O an array transducer 10 which transmits and receives ultrasonic waves;

O O a transmit beamformer 20 coupled to the array transducer 10 and capable of c
ausing the transducer 10 to transmit ultrasonic waves at a plurality of selectab
le frequencies;

O O a receive beamformer 24 coupled to the array transducer 10;

0 O a beamformer delay generator 26 coupled to at least one of the transmit beam
former 20 and the receive beamformer 24 which acts to provide geometrically deri

ved delays to a beamformer;

0 O a data storage device coupled to the receive beamformer 24 which acts to sto
re a harmonic data set 32 and a non-harmonic data set 34; and

O O an aberration correction processor 30, responsive to the harmonic and non-ha
rmonic data sets 32, 34 and having an output coupled to the beamformer delay gen
erator 26, which acts to provide the beamformer delay generator 26 with aberrati
on correction values formed by a comparison of harmonic and non-harmonic data.

0O 0012. The ultrasonic diagnostic imaging system of Claim 11, wherein the abe
rration correction processor 30 utilizes the non-harmonic data 34 as a reference
exhibiting relatively low aberration effects.

0O 00O13. The ultrasonic diagnostic imaging system of Claim 12, wherein the tra
nsmit beamformer 20 exhibits a first mode of operation for the transmission of u
Itrasonic waves at a frequency f and reception of harmonic ultrasonic waves at a
frequency nf and a second mode of operation for the transmission of ultrasonic

wave at a frequency nf and reception of non-harmonic ultrasonic waves at a frequ
ency nf.

O 0O0O14. The ultrasonic diagnostic imaging system of Claim 13, wherein the har
monic ultrasonic waves at the frequency nf are second harmonic frequency waves o
f the fundamental frequency f.

O 0O0O15. The ultrasonic diagnostic imaging system of Claim 11, wherein the abe
rration correction processor 30 further comprises a cross-correlation processor.
00O 0O16. The ultrasonic diagnostic imaging system of Claim 11, wherein the abe
rration correction processor 30 further comprises a back propagation processor.
O 0017. The ultrasonic diagnostic imaging system of Claim 16, wherein the bac
k propagation processor further comprises a Fourier transform processor 64.

0 0O0O18. The ultrasonic diagnostic imaging system of Claim 17, wherein the Fou
rier transform processor 64 is operable to back propagate the harmonic and non-h
armonic data sets 32, 34 to a range which is substantially equal to the focal ra
nge of the data sets 32, 34.

00O 019. The ultrasonic diagnostic imaging system of Claim 11, wherein the abe
rration correction processor 30 further comprises a harmonic:non-harmonic data e
qualization processor 62.

O 0O0O20. The ultrasonic diagnostic imaging system of Claim 13, further compris
ing a filter 46 coupled to the output of the receive beamformer 24 which passes
ultrasonic echo data at a frequency of nf.

O 0O021. The ultrasonic diagnostic imaging system of Claim 1, further comprisi
ng a demodulator 48 coupled between the receive beamformer 24 and the output of
the aberration correction processor 30.
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Abstract
An ultrasonic diagnostic imaging system and method are provided in
i

which aberration corrections are computed by comparing harmonic and non-harmon
c images to derive aberration correction estimates. In a preferred embodiment t
he harmonic image provides a reference image against which aberrations in the no
n-harmonic image are compared. A preferred acquisition technique is to transmit
at a frequency f and receive at a frequency n*f to acquire the harmonic image a
nd to transmit at a frequency n*f and receive at a frequency n*f to acquire the

non-harmonic image. 1In a preferred embodiment the aberration correction estimat
es are produced by back-propagating the image data to find the aperture correcti

on data for the two images.

Representative Drawing
Fig.2
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