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MEDICAL ULTRASONIC IMAGING SYSTEM WITH ADAPTIVE MULTI-
DIMENSIONAL BACK-END MAPPING

CROSS-REFERENCE TO RELATED APPLICATION

This applicaticn is a continuafion-in-part of co-pending application
Serial No. 00/556,354, filed April 24, 2000, the entirety of which is hereby
incorporated by reference.

BACKGROUND

The present invention relates to medical ultrasonic imaging, and in
particular to systems that adaptively set one or more stages of back-end
mapping that may include gain, dynamic range and post-processing map
stages in cne or more image dimensions to imprave such imaging.

In conventional ultragchic imaging, a B-mode signal is adjusted for gain
and dynamic range befare itis mapped to a range of gray levels or calors for
display. The dynamic range of the signal to be displayed can conventionaily
be sei by the user by means of a display dynamic range control, This control
is conventionally independent of range and azimuthal position in the image.
The gain can converntionally be varied by the user using a depth gain
compensation (DGC) or a time gain compensation (TGC) control along with
the master gain or B gain conlrol. The DGC and TGC conticls are
conventionally variable in range {axial dimension) only, and the master gain is
independent of both range and lateral {azimuthal} position. A few systems
also offer lateral gain compensation in addition to depth gain compensation,
but the twe cne-dimensional gain controls comprise only an approximation to
a true two-timensional gain control.

After gain and display dynamic range have been applied, log-
compressed B-mode signals are re-quantized, typically o B-bit or 256
guantization levels. The guantization step (in dB) is given by the ratio of the
dynamic range selected by the user to the number of quantization levels.

After quanfization, a post-processing map is used to map the
quantization levels to a range of gray levels or colors. This map can be a

JP 2004-500915 A 2004.1.15
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selacted one of a predesigned set of maps cr altemately a user-designed
map. These maps are also conventionally range and azimuth independent.

On commercially available ultrascund imaging systems, gain contrels
are often used by the users to adjust the brighiness level. In many cases,
users adjust the gain mainly 1o keep the regional mean of the soft tissue gray
level within a narrow range of gray values across the image. This preferred
range is consistent from user to user, andg in many cases users tend {o adjust
the gain to set the gray level for soft tissue roughly to the 84th gray level an a
lingar map that maps 0 to black and 255 to while. However, gain adjustments
for soft tissus brightness level and uniformity da not simulktansously optimize
noise suppression and prevent display saturation. For this reason, gain
andfor dynamic range are frequently sub-optimal for some or all parts of an
image. As a result, information can be lost by cutting off low-level signals or
saturating high-level signals.

Such loss of infarmation due to errors in setting gain and/or dynamic
range can be reduced or eliminated by sefting the dynamic range tc a very
nigh level. This approach however reduces contrast resolution because
different tissue types are then mapped to similar gray levels, thereby reducing
the prominence of echogenicity differences.

U.5. Patant 5 579,768 to Klesensk! (assigned to the assignee of the
present invention) propeses an automatic gain compensation system that
uses B-mode intensity of image signals to identify regions of soft tissue, and
ihen automatically sets these regions of soft tissue o a predetermined
magnitude.

1.3, Patent 5,983,382 to Roundhili discloses an ultrasonic imaging
system in which dynamic range is selected based upon the range and
azimuthal position of the image signal within the frame. The disclosed system
is not responsive fo the image signal itself, and therafara cannot be
considered 1o be an adaptive system. Rather, the approach used in the
Roundhill patent is to select a stored compression map as a function of the
range and azimuth of the display signal.

JP 2004-500915 A 2004.1.15
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SUMMARY

Copventional ultrasound imaging systems use various control stages in
tha backend to map a range (window} af input signal levels to a range of
display gray levels or colars. These stages may include 2 single or multiple
gain stages, a dynamic range control stage, post processing maps, etc. The
dynamic range control allows users to adjust the widih of the window of input
signal levels to be dispiayed. We will refer to this user control as the display
dynamic range control to differentiate i from other possible windowing
operations 2 systern might have. The gain controls let the user adjust the
position of this window. Therefore, the dynamic range and gain stages
together determine the actual window of input signal levels 1o be displayed
without saturation. A past-processing map then determines the actual gray
levels and or colors fhat correspond o the signal levels thus selected for
display.

Ideally, the display dynamic range should be set equal to the dynamic
range of the input signal, and the gain should be set to match the full range of
input signal 1o the full range of displayed values. In this way, no signal is lost
and the back-end quantization naise is minimized. In addition, the regicnal
mean of the sofi tissue signal should be mapped to & particular display level
(e.g.. gray level) uniformly across the image for display uniformity.

The dynamic range of a B-mode signal is determined by the noise level
of the system and the maximum echo level. The noise level of the system is
range and azimuth dependent, due to range and azimuth dependent front-end
gain and imager aperture size. The maximum echo leve! is determined by the
transmit field strength, the attenuation of the medium, the reflectivity of the
object being observed, and the coherent gain of the receive beamformer. For
these reasons, an adaptive and multi-dimensional back-end mapping stage or
stages are required to achieve the above-mentioned mapping geals.

We here describe an adaptive and multi-dimensional method that &)
prevents loss of information in the back-end, b} reduces or eliminates
gigctronic noise in the displayed images, ¢) minimizes the back-end

guaniization noise and d) for B-mede, maps the regional mean of soft lissue

JP 2004-500915 A 2004.1.15
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to & programmable target disptay level for tissue. We also describe several
reduced implementations that satisfy & subset of the above list, The reduced
implementations adaplively adjust gain and in some cases dynamic rangs in
twa dimensions to display images substantially free of electronic noise and te
display tissue at a target tissue gray level.

Naote that the term “input signal” is used broadly to refer to amplitude,
intensity or log-compressed amplitude of the beamformer output (i.e. B-mode
signal) as we!l as to any parameter of interest derived or extracted from the
beamfermer output, including the average velocity ang power estimates of the
Doppler frequency shift (i.e. Color Dappler Mode signals) and the power
spectrum estimate of the Doppler freguency shift (i.e., Spectral Doppler Mode
signalg). The foregaing paragraphs have been provided by way of
introduction, and they are not intended to limit the scope of the following

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is & block diagram of a medical diagnostic ultrasonic imaging
sysfem thatincorporates a preferred embodiment of this invention.

FIG. 2 is a block diagram of a first preferred embodiment of the mulii-
dimensional back-end mapping stage of FIG. 1.

FIG. 3 is a block diagram of a maodification to the embediment of
FIG. 2.

FIGS. 4, 5. and § are graghs used o illustrate alternative mapping
functions performed by the embodiment of FIG. 2.

FIG. 7 15 a flow charl of a method performed by the embodiment of
FIG. 2.

FIG. 8 is a block diagram of another embodiment of the adaptive
multidimensional back-end mapping stage of FIG. 1.

FIG. § is a more detailed block diagram of z first prefered embodiment
of the mapping stage of FIG. 8.

FIG. 10 is a flowchart of a method implementad by the embodiment of
FIG. §.

JP 2004-500915 A 2004.1.15



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

10

20

725

20

(36)

WO BI/B07 14 PCT/USH/12438

5

FIGS. 11, 12 and 13 are graphs illustrating operation of the
embodiment of FIG. 5.

FIG. 14 is a block diagram of a second preferred embaodiment of the
gain procassor of FIG, 8, which operaies to set both local gain and local
dynamic range adaptively.

FIG. 15 is a block diagram of a third embogiment of the gain processor
of FIG. B, which operates to set both the local gain and the local dynamic
range adaptively.

FIG. 16 is a graph used to explain operation of the embodiment of
FIG. 16.

DETAILED DESCRIFTIOM OF THE FRESENTLY PREFERRED
EMBODIMENTS

Turning now tu the drawings, FiG. 1 is a block diagram of a medicat
diagnostic ultrasonic imaging system 10 that incorporates a preferred
embadiment of this Ihvention. As shown in FIG. 1, a transmit beamformer 11
applies transmit waveforms via a transmit/receive switch 12 to a transducer
aray 13. The transducer array 13 produces ultrasonic pulses in response to
the transmit waveforms, which puises are direcied into a bedy B 1o be
imaged. Returning echoes from the body B impinge upen the transducer
array 13, which converts fhese echoes into receive signals that are
transmitted via the transmit/switch 12 ta a receive beamformer 14. The
receive beamfermer 14 applies appropriate delays and phase shifts 1o cause
the receive signals from selected lecations within the body B fo add
coheiently. These beamformed signals are applied to an amplitude
detectar 15 and a back-end processor that includes a iog compression
device 16 before being applied to & scan cenverter 17. The scan converter 17
generates display values upon a grig appropriate for a display 19.

All of the elements 11-17 and 19 can take any suitable form, and are
not limited to any particular implementation. For example, the transmit and
receive heamformers can be constructed as analog or digital devicas, and any

suitable transducer array can be used, including a single-element fransducer

JP 2004-500915 A 2004.1.15



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

10

15

20

25

37

WO 0EE0714 PCTAJSH/12438

-6

array and phased arrays of various dimensions. Also, the system 10 may
include additional elements in the signal path between the transducer array 13
and the display 19, and selected cnes of the illustrated elements may be
deleted or the order of some of the elements may be switched. For example
the order of the back-end pracesscr and scan converter 17 can be aitered.

The back-end processor also includes an adaptive multi-dimensional
back-end mapping stage 18 that incorporates a preferred embodiment of this
invention. This mapping stage 18 can take many forms, and four specific
embodiments are described below.

First Preferred Embcdiment

FIG. 2 shows a block diagram of & general embadiment of the mapping
stage 18. The embodiment of FIG. 2 receives an input signal I{(x) generated
by the log compression device 16. Simply by way of example, the input signal
can be a B-mode image signal.

The input signal I{x) and a local noise mean estimate generated by an
astimator 20 are applied to a summer 24. The local necise mean estimator 20
estimates the local noise of the system as a function of pesition within an
image. As explained in greater detail below, several approaches can be used
o estimate the local noise mean. For example, one or more frames of image
data may be acquired without applying transmit signals to the transducer
elements of the transducer 13. In the absence of an insonifying pressure
wave, the resulting input signal forms a noise frame that is a measure of
currently-prevailing system noise as a function of position within the image.
This neise frame can then be filtered with a low pass filter in the esiimator 20
in ordar to generata the Iocal noise mean M{x). This parameter is subtracted
from the input signal [{x} in the summer 24. The oulput of the summer 24
represents a noise suppressed input signal [,{x), which is applied in paralle! o
a tissue mean estimator 21, a maximum SNR esfimaior 25 and an adaptive
multi-dimensianal mapping stage 26.
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The tissue maan estimator 29 pracesses the noise suppressed input
signal Io{x) to develop an output signal Tx) that is indicative of the lacal
mean of |,{x) for those porticns of |.{x) acquired from soft tissue.

The tissue mean estimater 21 includes a tissue detector 22 and a
mean estimator 23. The tissue detector identifies those portions of Eq(x)
characteristic of soft tissue and genarates an output signal T(x) which is in the
logic state 1 for values of x associated with soft tissue and is in the logic state
Q for valuss of x not associated with soft tissue. The tissue detectar 22 can
take many forms, and it can oparate by comparing the variance of |,(x) with a
target value characteristic of soft Essue, as described in greater deiail below.
Alternaiively, the tissue detector 22 can use amplitude technigues to detect
soft tissue, as described in Klesenski LS. Patent 5,572,768, The tissue
detector 22 implements Eqg. 1:

R(xy)= {T(x) = l}ﬁ ﬂx 'Xol W &y

In Eg. 1, is the width array that defines the region R around .
The mean estimator 22 uses |{(x) and T(x} to implement Eq. 2:

le(xo)= (In (X)), R xg) a2

In Eq. 2 the symbol (#} is the mean operator over x within the region R
which is a function of the position xg.

If R(xq), is empty for & given W, (i.e. there is ne soft tissue within the
distance W, around xg), then we gither increase W, unt? R is not empty or
interpolate/extrapelate 14x) around xo to determine 11(xp). Mote that W, can
be dependent upon (xq) or not. For example Wi{xg) can he set as a funetion of
the lateral and axial resalution at (xo).

In an alternative embodiment, T(x} can be a tissue map which indicates
the likelihood that the image at position x was acquired from soft tissue,
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wherein the map assumes intermediate values between 0 and 1, and

increasing values for the tissue map correspond to increasing levels of

likelihood that the associated input signal was acquired from soft tissue, In

this case, T{x) can be used as a weight in computing T,0¢}. |n addition T(x)

can also be superimpesed on a B-Mode image te enhance tissue differences.
The maximum SNR eséimater 25 implements Eq. 3:

Ip(xe)= max {I,(x)}

x-xg <Wpo

(Eq. 3)

In Eq. 3. the function MAX {#} is the maximum gperater; Wi is the
widih array that defines the region R arcund xe. If desired, Wi can be set
equal to W, described above. The maximum SNR estimator 25 can operate
on peoint SNR values (equal to #,(x) in this example), or alternately the
estimator 26 can operate with an average SNR over a portion of the image
signal. The region over which the estimator 26 operates can be a portion of a
cursent image frame, an entire current image frame, a previous image frame,
ar two or more image frames. The estimator 25 generates an output signal
Im(x) which defines the local maximum SNR in the selected portion of the
input signal.

The adaptive multi-dimensicnal magping stage 26 responds fo the
input signals 1,(x}, T:(x), and 1m(x) to generate an output signal D{x) for
display. Inthe embogiment of FIG. 2, the stage 26 is shown as a single stage
that can be implemented as a single look-up table. Altemnatively, the various
functions performed by the mapping stage 26 can be implemented by a
variety of mapping devices including adders, multipliers and lcok-up tables,
which can be placed together or separaiely at various stages in the signal
path between the receive beamformer 14 and the display 19.

In the example of FIG. 2, the mapping stage 26 implements the

following equation:
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D} = g (1), Nix), 1(x), 1, (), B, Oy, ) (Eq. 4)

The function g implemented by the mapping stage 26 can be the
function identified in Eq. § and lllustrated in FIG. 4.

D=0 In{x}<0
%inm 0 <lnfx) S hen)

B=1" g, . (Eq. 5)
_m Pt - I “
LDtk ) <) )

Dy I () = hp{x)

where [n{x) = 1(x) - M(x).

Note that values of 1,(x) equal to 0 are mapped ta the neise targst
display value D, which equals 0 in this example. Values of the signal In{x)
equal to the local tissue mean [4(x) are mapped fo the soft tissue target
display value Dy, and values of the signal I{x) equal to the local maximum
SNR Im(x) are set equal to the maximum target display value Dn. Dy may be
set to any desired value, and may be user-seleciable, In one example, D =
B4 on a linear scale where U and 255 map to the darkest and brightest display
values, respectively. In another example Dy = 84 on such a scale.

The mapping function g of Equation 4 can of course be varied from the
foregoing example. Far example, as shown in FIG. 5 a polynomial spline
function may be used to eliminaie the discontinuity in the slope of the map
around $a(x)= T(x) This results in a less precise mapping of I,(x) to Dy when
In{x) is equal to the local soft tissue mean.

FIG. 6 shows ancther approach that controls the slope of the curve
around vaiues of l,(x)= | {x).

Qther alternatives are possible. For example, as shown in FIG. 3 an
SNR-adaplive spatial and temporal persistence filter can be interposed
between the summer 24 and the mapping stage 26. This filter can be used to

reduce neise for input values with low SNR, without giving up temporal or
spatial resolution for input signais with sufficient SNR.
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FIG. 7 provides a flow chart of a method implemented by the
embodiment of FIG. 2. In block 27a, 3 local mean noise signal N {x) is
provided that is indicative of the currently prevailing system noise level. This
can be done using noise frames as described above. Alternatively, a
computer medsl of the imaging system can be used to estimate the local
naise mean as a function of the currently prevaiing imaging parameters.
Other approaches also can be used The local noise mean N (x) may vary as
a function of one, two ar more spatial dimensions of the image. Thus, the
term “providing” is imended broadiy and is not limited ta any single approach.

In 27k those portions of I(x) acquired from soft tissue are identified
based on a statistical measure of variability of 1) and on N (x), and these
portions are then used to determing a local soft tissue mean [{x). As
explained above, 1,(x) is representative of the mean ar average amplitude of
the noise-suppressed input signal for those portions of the input signal
representative of soft tissue.

At 27c the maximurm SNR 1,(x} of I(x} is estimated over 2 specified
region, which as explained above may vary depending upon the application.

At 27d an input signal 1(x) is mapped to D, when Kx) is comparable to
N(x}. Thatis, the output sighal D) is set equal to a selected value when
1(x) is comparable ta N({x). Since N {x) varies locally across an image, this
provides the advantage that throughouwt the image values of the input signal
1(x) comparabls to the noise level are mapped to a range of culput signal
levels around Dy,

At 27e the noise suppressed input signal is mapped ta Dy when it is
squat to 14{x). In this way the input signal I(x) that is acquired fram soft tissue
is mapped to a soft tissue range of values of D(x) around [, Noie that hlock
27e is specific to B-mede type input sigrals.

At 27f {x) is mapped to a high SNR range of D{x) values aroung D,
whenever the SNR of {x) is comparable to Ig(x). In addition to B-mode type

inpwt signals, block 27§ is alse applicable ta Color Doppler Power Mode and
Spectral Doppler Made input signals.
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Fram this explanation it shoukt be apparent that the system of FIG. 2
adaplively maps the irpuf signal I{x) in such a way as to present the user with
an image that meets the following three criteria:

1. Throughaut the image frame, input signals that are comparable
to noise are mapped to a range of values around a noise target valug
DOp.

Z. Throughaut the image frame, B-mode type input signals

associated with soft tissue are mapped to a range of values around a

soft tissue target valug Dy

3. Throughout the image frame, input signals having an SNR

comparable to the local maximum SNR are mapped to a range of

values around a target display value Dy,

For example, D, may be at or near black, D, may be at or near white,
ant Dy may be a specified range of gray levals, e.g., gray levels around 54 in
a system where 0 corresponds to klack and 255 to white.

The parameter X is used to sigrify a point on any one, any two, any
three, or all four of the azimuth, range, elevation and time (frame number)
axes or dimensions.

Of caurse, many variations are possible. For example, 1t is not
required that the darkest possible display level he associated with the local
mean neise level and that the brightest possible display level be associated
with the local maximum SNR. If desired, a narrower range of display levels
can be used. For example, the input sighal can be mapped fo & range of
display levels smaller than the total number of available levels. Also, the
mapping functicns described above may be used in combination with other
constraints. For example, constraints may be applied to how fast T¢x) and or
Im{x} can vary across the image or from frame ta frame. Also, D; can be
varied as function of SMNR to address the cases where the local mean soft
tissue level is too close to the local mean noise level. It is also not essential
that the input signal itself be mapped 1o the various target levels described
above. In an alternative smbediment a function of the input signal may be
mapped to these levels.

JP 2004-500915 A 2004.1.15



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

15

20

25

30

(43)

WG 01/5071% PCTMUSA1/12438

-12-

Additional Embadimeants

It is not essential in all embediments that all of the functions described
above in conjunction with FIG. 2 be combined. Various groupings of selected
ones of these functions are also useful. For example, the embodiment
described below in conjunction with FIG. 8 cantrols the lacal gain in both the
near field and far field of the image such that soft tissue is displayed at a
substantially constant target value. The embodiments described betow in
conjurction with Figures 14 and 15 additionally adjust the dynamic range of
the displayed image locally to optimize the display in view of the currently-
prevailing image signals.

F1G. 8 provides a block diagram of these embodiments of a mapging
stage 18' of FIG. 1. As shown in FIG. 8, the mapping stage 18’ includes a
noise frame processor 30, a soft tissue processor 32, and a gain
processor 34, The noise frame processor 30 generates an estimate of
electronic neise as it varies over the frame. The soft tissue processor 32
generates a smoocthed surface indicative of the intensity of soft tissue within
an image frame at various locations in the frame. The gain procsssor 34 uses
outputs from the processors 30 and 32 to adaptively adjust either the gain or
both the gain and the dynamic range applied to the image frame.

FIG. 9 provides a more detailed block diagram of the ane preferred
ernbodiment of ihe elements of FIG. 8, and FIG. 10 provides a flow chart of a
method implemented by the embodiment of FIG. 8.

As shown in FIG. 9, the noise frame processor 30 in this embodiment
includes a low pass filter 40 and a decimator 42, and the processor 30
generates a measure of average electronic noise at various locations
distributed throughout the frame. The noise processar 30 accepts as an input
a noise frame, i.e. a frame of image data acquired with the transmitters tumed
off. The low pass filter 40 smaoothes the noise frame, and the decimator 42
decimates the filtered noise to a coarser grid, measuring for example 50
pixels on a side. Other decimation factors can be used, such as a decimation
factor of 10 x 10 pixels on the aceustic grid.
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The soft tissue processor 32 responds to an image frame of data which
is acquired with standardized imaging parameters as described below and
which includes data from soft tissue in the image. The soft tissue
processor 32 includes a low pass filter 44 and a decimator 46 that are
preferably identical to the corresponding elements of the noise pracessar 30.
The filtered, decimated neise frame from the noise processor 30 is summed
with negative polarity with the filtered, decimated image frame in a
summer 54. Since the noise frame and the image frame are in this example
post-detection, pest-compression signals, the summation performed by the
summer 54 generates an output signai egual to the signal to noise ratio (SNR)
for the associated region of the twa frames. This SNR signal is applied to a
camparator 56 that generaies as an ocutput an SNR binary image. This hinary
image is set equal fo one in regions of the frame characterized by an SNR
greater than a predetermined value, €.9., 3dB or €dB, and ta zero in regions
where the SNR is less than or equal to the predetermined value, Thus the
SNR hinary image identifies regions of the image frame that have a
sufficiently high SNR to be candidates for soft tissue image signals. The
portions of the SNR binary image characterized by the logic value zero
correspand to high-noise, low-SNR regions of the image, and these regions
are not considered candidates for soft tissue.

The soft tissue processor 32 also generates a variance binary image
by means of & jocal variance calculator 48, a decimator 50 and a
comparator 52. These elements use the local spatial variance of the image
frame tc identify regians of the image frame having a variance characteristic
of soft tissue.

In soft tissue there are a large number of scatterers present in each
resolution cell. Fully developed speckle oceurs due to random interference
between the reflecied signals, and the amplitude cf the signal obeys the
Rayleigh distribution in regions of the irage frame depicting soft tissue. in
this embodiment, the degree to which local variance, calculated in a few
resolution cells araund each image pixel, resembles that of fully developed
speckle is used as a measure of the likelinood that a particular image pixel
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represents an image of a soft tissue. The variance binary image is set equat
o ane in regions where the variance is consistent with soft tissue imaging and
to zero otherwise.

The local variance calculator 48 oparates by dividing the image into a
grid of smaler regions. The size of these regions is prefarably on the order of
10 times longer along each axis than the resolution size of the image.

The spatial varianca V, | of the center of a region or cell © having the
cocrdinates (i, ) can be calculated as follows:

Vi= ‘&ii[lm,w ’(I))z- (Eq. 8)

k=1

The decimatar 50 preferably operates at the same scale as the
decimators 42 and 45. The decimated variance frame is then compared
element by element with minimum and maximum variance levels in the
comparator 52. This comparison is particulary straightforward for log
compressed data, where the variance of fully developed speckle characteristic
of soft tissue is (5.57 dBY’. Thus, regions of soft tissue in the image frame will
be characterized by fully developed speckle having a variance close to
(5.57 dB)*. For example, the comparator 52 of FIG. 8 ¢an classify a variance
a5 characteristc of soft tissue if it meets the relationship set outin Eq. 7:

var - (5.57)7|
(557

The actual local variance of speckle may net be equal to the theoretical

<0.5. (Eq.7)

value due to filtters in the signal processing path of the ultrasound system. In
practice the variance is determined through measurements on phantoms
mimicking soft tissue.

Electronic noise itse'f has a variance close 1o that of soft tissue, and

' the AND operation indicated at 60 uses the SNR binary image and the

variance binary image to avoid misclassification of electronic noise as soft
tissue. This AND operation is performed on an gtement-by-element basis of
ihe decimated SNR binary image and the decimated variance binary image.
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The resulting ¢ecimated tissue binary image has a value equal to zero if either
the SNR binary image indicates that the associaied regiar is characterized by
law SNR ratic or the variance hinary image indicates that the associated
region is not soft tissue. The SNR binary image is nat required in all
embadiments, and other tachniques can be used to avoid misclassifying
regiohs of the image dominated by noise as scft tissue. For example, nofse
reduction techniques can be applied prior to local variance estimation.

The filtered, decimated image frame from the decimator 45 ang the
biriary tissue image from the AND element 60 are applied as inputs to a
device B2 for computing soft fissue intensity. In particular, the output of the
device B2 is a decimated frame having intensity values that depend upon the
corresponding vatues of the fissue binary image in the same reglon. Where
the corresponding region of the tissue binary mage is equal to logic value
zZero (indicating that the region does not correspond to soft tissue), the output
of the device 82 does not include an intensity value for the caresponding
region. Alternatively, for regions where the tissue binary image is equalt to
legic value one, the output of the device 62 includes the intensity value for the
corresponding region as filtered by the filler 44 and decimated by the
decimator 46.

In device 64 a surface, &.9., a second order surface, is fitted 1o the
frame supplied by the device 62, This second order surface provides a
measure of average soft tissue intensily as it varies throughout the image
feamne. Because of the use of the SNR binary imags, portions of the image
dominated by noise do net corrupt this second order surface. Because the
surface is a sscond order surface fitted to a decimated frame, the surface
fitted by device 84 does not vary so rapidly as to interfere with the
presentation of transitions or interfaces between seft tissues of different
cohtrasts. In ane embodiment, the device 64 divides the image intoa 6 x 6
grid, calcuiates the average sofi tissue intensity vaiue for each rectangular
regian of the grid, and then fits a second order surface to the average values.

Continuing with FIG. 9, the gain processor 34 of this embodiment uses
a summer 82 to nbiain the difference between the fitted surface from the
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device 64 and a seft tissue target intensity level Ty on a ragion-by-region
basis. The oulput of the summer 82 is a tissue gain Gy, which varies with
both range and azimuth and is the gain required o cause the surface fitted to
the logal tissue mean to be displayed at the soft tissue target level Ty. This
tissue gain Gr is applied te a logic block 84 that alsc receives a second input
Gn. The signal Gy i1s generated by a summer 80 that takes the difference on
a point-by-point basis between a noise target level Ty and corresponding
values of the filtered, decimated noise frame. Thus, the naise gain Gy, also
vares with both range and azimuth, and represents the gain that is raeguired to
ensure that the local mean noise level is presented at the noise target lavel
Tw. The logic black 84 sets the final two-dimensional gain equal Gr {0 the
lesser of Gy and Gr. This final twe-dimensional gain Gr is applied to the
image frame in block 85. In some embodiments, the final gain G is
decomposed into depth gain, lateral gain and lateral gain slope components,
e.g. via a least squares fit. 1trmay be preferable to chese depth gain
components ta minimize lateral gain slope valuaes, and the master gain value
to minimize changes in depth gain and lateral gain.

FIGS. 11-13 illustrate cperation of the gain processor 34 of FIG. 9. In
FIG. 11 the soft tissue target levet Tr and the noise 1arget level Ty are shown
in dotted lines. In this cass, T+ and Tw are both constant with depth. The
noise intensity |y supplied by the decimator 42 and the fissue intensity I+
supplied by the device 64 are shown in solid lines. In FIG. 12 Gy and Gy are
illustrated, and in FIG. 13 the final gain Gr is shown as the lesser of Gr and
Gn.

FIGS. 11-13 have been presented as two-dimensional graphs of
intensity as a function of depth for clarity of illustration. As explained above,
the gains Gy, Gy and Gg all vary in two dimensions as a funciion of both depth
and azimuth.

The gain processor 34 sets the gain Gr in such a way that the soft
tissue regions of the image are displayed at about the tissue target level T for
all portions of the image where the noise signal is less than the noise target
ievel. In ragicns of the image where the noise intensity Iy is greater than a
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noise target lsvel Ty & lower gain is used to ensure that neise is not amplified
inappropriately.

FIG. 10 provides a flawchart of a method implemented by the system
of Figure 8. In block 100 the adaptive gain features described above are
initiated. This can be dene in many ways. For example, adaptive gain can be
initiated in response to user request or automatically at intervals. For
example, adaptive gain can be automatically initiated every set number of
frames or seconds,

Once adapiive gain has been initiated in block 100, control passes to
block 102 where the image acquisition parameters of the system are set to
preselected values. These preselected values optimize operation of the
adaptive gain pracessor. By way of example the following general guidelines
have been found suitable in one embodiment:

Image acquisition parameters, including gain and dynamic range, are
determined sa that, for the widest possible variety of imaging situations, the
highest possible signal to naise ratic is maintained over the entire image
without causing saturation of any portion of the image. This ensures that
areas where the signal is weak are taken inte account by the adaptive gain
pracessor.

Cnce the image acquisition parameters have been selacted, they are
used to acquire one or more naise frames in block 104 and an image frame in
block 106, As explained above, a noise frame is & cohventional image frame,
except that the transmitters are turned off. Since the transmitters are tumed
off there is na bona fide echa signal, and any signal appearing in the image
frama is representative of system or electrenic noise. The neise frame is
used in block 108 to identify regions of image characterized by low SNR, as
discussed above in conjunclion with the creation of the SNR birary image.
The image frame can be in any desired modality, and can for example include
fundamental or harmonic imaging of tissue with or without added contrast
agent.

Next, in block 110, a staiistical measure of variability is determined for

selected regicns of the image frame. In block 110 the spatial or temporzl
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mean of amplitude-detected, log-compressed signals can be used as
described above. Allernaiely, the spatial variance of noise power nomalized
by the local mean of noise power can be used. For example, a normalized
spatial variance can be determined on a pre-compression signal, where the
normalized spatial variance is nermalized by the local mean of the
pracompression signal.

The statistical measure of variability may be calculated along any one
of the laieral, axial, and elevational axis, any two of these axes, or all three
axes. The example described above calculates the variance over the lateral
and axial axes.

Next, in blocks 112 and 114, regions of the image frame correspanding
to soft tissue are determined. In block 114, the regions of the image
characterized by low SNR as determined in block 108 are used {o ensure that
ragions identified as soff tissue are outside of the noise-dominated regions of
the image.

The lacal coherence factor may be used fo ensure that regions of high
acoustic noise or clutter are excluded from mapping decisions. The local
coherence factor is defined as the ratio of the coherent {phase-sensitive) to
the inccherent {phase-insensitive) summation across the receive channels of
the delayed and apodized signals. See the discussian of Rigby U.S. Patent
5,910,115. A low coherence factor indicates strong phase aberration, i.e.,
high levels of acoustic noise or clutter. Therefare using the coherence factor
the regions of the image dominated by clutier can be ignored.

As explained abave, this soft tissue identification can be done based
on statistical measures of variability. Alternately, in some embodiments other
methods may be used for identifying soft tissue, as for example methods
based on the magnitude of the image signal. See the discussion of Klesenski

U.8. Patent 5,579,768, assigned 1o 1he assignee of the present invention.

At 118 a second order sutface is fitted ta the soft tissue intensity values
over an eniire frame, including both near-field and far-field portions of the

frame.
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At 118 the local gain is varied adaptively to cause signals having the
ampliude of the second order surface at the respective locations to be
displayed at a soft tissue target value over some or all of the image. The soft
tissue target value or target display value can be set in many ways. The
target display value may simply be a stored value or may be a user-sslected
value, or it may be a value adaptively determinad in response to ambient light.

Alternatively and greferably, the solt tissue target level is a function of
the currently invoked post-processing curve. Specifically a user controliable or
predefined value may be used as a target soft-tissue gray level Tz, Tristhen
defined whenever a post-precessing curve is selected to be the signal
intengity level that is mapped to the display gray level of Tg.

FIG. 14 represents a second preferred embodiment of the gain
processor of FIG. 8. The embodiment of FIG. 14 includes the summers 80,
82, the logic block 84 and the block 86, which may be identical to the
corresponding elements of F1G. 9 discussed above. Additionatiy, the gain
processor of FIG. 14 adaptively sets the dynamic range with which the image
frame is displayed. |In block 140 the final gain Ge, the tissue gain Grand a
previously selected dynamic range DNRgLp are used to generate a new
dynamic range DNRygew according to the following eguation:

T, -G,
TT 'GT

DNR ey =[ ]DNRcLu- (Eq. 8)

This new dynamic range DNRyew is then applied to the gain-adjusted
image generated by the block 86 1o form a DNR-adjusted image to be applied
to the display.

The gain procsssor of FIG. 14 adjusts the dynamic range in the iow
SNR region of the image. This adjustment of the dynamic range 2nsures that
the soft tissug is on average displayed at the preselected targst value T,
Since the final gain Gr and the tissue gain Gy are functicns of depth and
azimuth, ihe new dynamic range DNRyey, is & spatially varying, adaptively
determined queantity even when DNRotp is not. The dynamic gain processor
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of FIG. 14 adaptively adjusts the SNR only in low SNR regions of the image,
because in high SNR regions the final gain G is equal to the tissue gain Gt
and therefore in high SNR regicns DNRyew is equal to DNRowp.

The hlocks 140, 142 of FIG. 14 adaptively vary the dynamic range of a
signal based en bath the soft tissue intensity and the noise level at a plurality
of locations within the image.

FI{3, 15 shows a third preferred embodiment of the gain processor of
FIG. 8. In the gain processor of FIG. 15, block 160 sets the parameter 5
according to the following equation:

&[M}, (Eq 9)

[

where it is the local mean tissue intensity, Iy is the local mean noise level, Tt
is the tissue target intensity and Ty is the noise target intensity. In biock 162
the dynamic range DNR is set equal to the minimum of the value S as
determined by the block 160 and a maximum allowahle dynamic range
DMRuax. (n block 164 a gain parameter is set according te Eq. 10:

Gp=T . {Eq. 10}

Then, in biock 166 the gain determined in block 164 and the dynamic
range determined in block 162 are applied to the image freme.

FIG. 16 will be used to explain the cperation of the gain processor of
FIG. 15. As shown in FIG. 18 the input signal is plotted on the horizontal axis
in units of ¢B and the display gray level is plotted on the veriical axis. Here
the slope of the line mapping the input signal to the display gray levels is
inversely proportional fo the dynamic range, in units of gray level per dB. Of
course, the mapping function between tha signal and the gray levels doss not
have to be linear, and in this case the slope of the line icining the gray levels
that correspond to the minimum and maximum of the input signal of interest
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can be used. The gain in this example appears as shown, and the mapped
gray lavel is equal to the slope multiplied by the sum of the signal plus the
gain. With this relationship. the gain and dynamic range as determined by the
embodiment of FIG. 15 map the average soft lissue intensity and the noise tc
the respective desired target values.

Further Discussion
1. &oft Tissue Detection

The preferred embodiments described above use statistical measures
of variability of an input signal to identify soft tissue. The following steps can
be taken (individually or in various combinations) to improve the accuracy of
soft tissue identification and to reduce false posilive ideniifications of soff
tissue.

a. {dentity regions of low SNR and do not classify such regions as
soft tissue — The elements 54, 56, 60 of Figure 9 implement this function, as
described above.

b. Pravide agjustable thresholds for comparison with the local
measure of variability — The element 52 of Figure 9 can use maximum and
minimum thresholds that are adjusted, either by the user or automatically as &
function of the particular transducer or image processing parameters that are
inusg. The maximum and minimum thresholds may be positioned
asymmetrically or symmetrically with respect to a arget value. In some
applications, it may be preferahle to selact values for the threshelds that
substantially liminate false positive identification of soft tissue, even at the
expense of somewhat increased false negative identification of soft tissue

C. Turn off signal processing that affects the statistical measure of
variability — Conventicnal signal pracessing techniques such as frequency
compounding, spatial compounding, spatial filtering {.q., with video filters),
temporal fitering {e.g.. peraistence filtering), and non-inear post-pracessing
mapping often affect statistical measures of variability. For this reason, such
signal processing is preferably turned off during acquigition of the input signal
used for soft tissue igentification, or alternaiely the effects of such signal
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pracessing are taken into account in soft tissue identification, £.9., by sefting
threshold values apprepriately. Additionally, spatiat under-sampling can result
in image artifacts that alter logal variance, ard such artifacts are therefore
preferably avoided.

d. Reduce variance {i_e., noise) in the estimale of the statistical
measure of variability - The measure of variability far each pixel can be
estimated using a larger region of support than that described abave, or the
varizhility estimates can be spatially low-pass filtlered, theraby compromising
detail resclution of the vanability estimate for a lower estimation nocise. In one
giternative, the area used 1o calculaie local variance (or other statistical
measure of variability) is a function of average speckle size, e.g., specified in
units of average speckle size. The average speckle size is giver by the
equivalent width of the autccovanance function, and it is directly determined
by the size of the round-rip point spread funciion, or equivalently by the
lateral and axial bandwidths of the beamformer. This parameter can be set
separately far each transducer in units of acoustic grid (pre-scan conversion}
samples, since the acoustic grid more or less tracks changes in lateral and
axial bandwidth.

In the dynamic update case, ime averaging (persisting) the variance
image, or the resulting tissue mask or the adaptive gain image may be
needed to prevent flickering or sudden gain changes, due to noise in the
variance estimate.

e, Use other measures, in addition to the statistical estimaie of the
measure of variability, to imprave scft tissue identification — For example,
tissues such as tendon ard muscle are characterized by redused speckle
alang the lang axis of the tendon or muscle. This pattern may be identified
and used o improve the accuracy with which these types of tissue can be
identified. As another example, contrast agent in soft fissue tends to be
depleted by ultrasound beams, and this depletion causes & lack of comrelation
between successive images. This lack of correlation can be detected and
then used in combination with the soft tissue identification methods described
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above to improve the accuracy with which contrast agant in soft tissue is
identified.

2. Statistical Measure of Variability

The foregoing discussion hag used variance as one exampie of a
statistica! measurs of variability. The standard definition of variance (s?) is the
expected value of the magnitude square of the difference between the
statistical variable and its expacted value.

al=<|l-<1> P>,
or equivalently

o =<zl
where < . = is the expected value, i 2., the mean operator, and | . | is the
magnitude operator. The element 48 of Figure ¢ uses the local spatial
variance. For any pixel x0 in the image, the local variance is computed using
the samples in a region R around the pixel x0, where region R can be defined
on any one or multiple axes. The axes can be the axial, lateral, elevational or
any other arbitrary spatial sxis.

There are numercus approximations to the spatial variance, and all can
be taken as examples of other statistical measures of variability that can be
used here. For example, assuming that the mean is negligible or that it is
mare or less constant across the image, the variance can be approximaled by

@ ~<j P>
Cther passible expressions include the following:

& = {max{l} -min{l} )/ < | >

o ~(maxly- <I=) 1<l>

o ~{<t »-min(l}) F<l>;

a? ~{ max(l) -min(l) ¥

ot~ (max(l)-<)>);

o ~(<|>-minl}) .

Here again the max(.) and min{) aperations, as well as the mean operator,

are performed aver a region R around the pixed x0.
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As another example, it may be preferred to measure the spectrum of
spatial frequencies of the input sample along che or mare axes, ard then to
compare this spectrum with the spectral characteristic of scft tissue.

Other statistical measures of variability include parameters that vary as
a function of variance, e.g., standard deviation o, or an approximaticn of
variance.

The term "statistical measure of variability” is intended broadiy ta
include all of these examples, as well as other statistical measures that can
be used to identify soft tissue or to differentiate other types of tissue from soft

tissue.

3. Surfage Fitting

The surface fitting function performed in block 64 of Figure 8 can be
implemented in many ways. For exampie, palynomial splines, which are
piacewise polynomial surfaces with derivative continuitiss up to &
predetermined arder at the borders between the pieces of polynomial
surfaces, can be used. The order of the polynomial splines determines global
smoothness, while the number of denvative continuities salisfied at the
borders between the pieces of polynomial surfaces determines the degree of
local smoothness.

Any function which can be dafined as a sum of {orthagonat or
nonorthoganal) basis functions can alse be used for surface fithng, such as
functions that can be written as a sum of frigonometric: or hyparbolic
trigonometric functions. In gensral, iinear combinations of arkitrary basis
functions of range and azimuth can be used, with weightling parameters
chosen to fit the grid of average soft-tissue intensity values.

4, Initiation of adaptive adjustment of gain or dynamic range

As explained above, the adaptive adjustments described above can be
initiated manually or automatically atintervals. In addition, such adjustments
may ba initiated autonatically in response to a large change in the input
signal, e.g., a large thange in the frame sum {tha sum of all B-mode pixels in
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a frame) or in a sum of a region of a frame, or a large motion detected based
on frame correlation. For example, two sequeniial frames may first be
spatially filtered by, say, a box-car filter and decimated, and then the squares
of the differences between the values of the decimated pixels of the two
frames are summed. If this sum exceeds a predetermined threshald, e.g.,
20% of the total energy (sum of magnitude square) of the first of the two
decimated frames, the method of Figure 7 or 10 is initiated. Variations include
using a function other than squaring, limiting the calculations 1o a portion of a
frame {8.9., a central portion), monitering a Doppler signal fo gauge when a
user has stopped moving the prebe {possibly with an added delay to ensure
that the user has achieved a useful probe position). Another appreach is to
initiate the method of Figure 7 or 10 in response to user change of an imaging
parameter (e.g. transmit or receive ultrasound frequency).

5. Use with resolution-enhancing display maodes

In conventional resolution-enhancing mades of operatian, a partion of
an exisling frame is expanded and displayed. This can be done by re-
acquiring the portion of the frame at higher resoluticn or by increasing a
magnification factor applied to the existing frame. In either case, input signals
for a region that is larger than the expanded pertion can be used in the tissue-
identifying and surface-fitting methods described above. This may reduce
edge ambiguities and artifacts in the expanded portion, and it may allow a
more robust gain surface to be calculated in cases where there is little soft
fissue in the expanded portion.

Cenclusion

Of course, many slternatives are possible. In fact, the widest range of
analog and digital signal processing techniques can be used to implement the
basic functions described above. A programmed computer is one preferred
implementation for the adaptive gain processor described above. For
example, the adaptive gain and aptichally the adaptively determined dynamic
range can be applied to the image signals at any desired point along the
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signai path between the fransducer array 13 and the display 19. Both can be
applied before ar after scan conversion, log compression and detection, The
adaptive gain pracessor can operate en RF, IF or baseband signals before or
after detection, log compression, and scan conversion.

Also, other methods can be used to detetmine the noise levels. For
example, a computer model can be used that calculates noise level for
various positions in the frame base on the parameters (including the
acquisition parameters) of the imaging system.

In the foregoing examples, the input signal is adaptively mapped to a
soft tissus or a noise range of output signal values by appropriately contrelling
various back-end gain stages. However, the invention is not limited to this
approach, and front-end gain stages may he varied in gain 1o obtain the
desired output signal values, either alone, or in combinaticn with gain
varfatisns in one or more back-end gain stages.

The preferrad embodiments described above eombine a number of
features that work together efficiently to adaptively set the gain and dynamic
range of an imags. It will be recognized that various ones of these features
can be used separately from ona another rather than in combination. In
particular, the foliowing inventions can be used togather or in various
subcombinations:

- Using a statistical measure of variability to identify areas of an
irage corresponding substantially 1o soft tissue;

-- Fitting a surface ta soft tissue intensity values, including soft
tissve intensity values in both the near-field and the far-field portions of
an image;

-- Acruiring an image for an adaptive gain system with &
plurality of acquisitich parameters of the system set to respective
preselected values;

— Adaptively varying a gain of an ultrasenic imaging system
based 21 [east in part on soft tissus intensity values and noise values at
corresponding lecations,

JP 2004-500915 A 2004.1.15



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

10

(58)

WO 0I/30714 PCT/US01/E2438

27-

-- Adaptively varying dynamic range of an ultrasonic imaging
system based at least in part on soft tissue intensity values and noise
values at a plurality of locations in the image.

As used herein the ierm “image” is intended broadly to encompass
images of ane, two or three spatial dimensions. For example, an M-mode
display can be considered a one-dimensional image.

The term “range of values” is intended broadly to encompass one or
more values.

Two signals are said to be “comparable” whether they are equal in
scaie factor or differing in scale factor.

The term “soft tissue” is intended 1o refer o any target that produces
speckle because of ils unresolvable fine structure.

As indicated above, the maximum value of SNR may vary with fime
and any set of spatial coordinates.

Tha foregaing detailed description has besn intended by way of
ilustration and not limitation. Itis anly the following claims, including all
equivalenis, that are intended fo define the scope of this invention.
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CLAIMS
1. In @ medical ultrasanic imaging system operative to acquire a

receive input signal and to display an output signal, an adaptive mapping
method comprising:

{a) providing a noise signal indicalive of a currently-prevailing
noise level for the system; and

{b)  mapping the input signal to a noise range of cutput signai
values when the input signal is comparable to the noise signal.

2. The method of Claim 1 further comprising:
{c)  mapping the input signal tc a soft tissue range of output

signal values when the Input signal is acguired from soft tissue.

3. The method of Claim 1 firther comprising:
()  mapping the input signal fo & high-SMNR range af output
signal values when an SNR of the inpul signal relative to the noise signal is
comparahle to & maximum SNR of the input signal.

4. In & medical ultrasonic imaging system operative to acquire a
receive input signal and to display an output signal, an adaptive mapping
method comprising:

(a)  providing a noise signal indicative of a cumrentiy-prevailing
noise level for the system;

(b) mapping the input signal to a noise range of output signal
values when the input signal is comparable 1o the noise signal; and

(c)  mapping the input signal to & high-SNR range of autput
signal values when an SNR of the input signal relative to the noise signal is
comparable to a maximum SNR of the input signal.

5, In a medical ultrasonic imaging system operative to acquire a
receive input signat and to display an cuiput signal, an adaptive mapping
method comprising:
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{a) praviding a maise signal indicative of a currently-prevailing
noise level for the system; and

{b) mapping the input signal to a high-BNR range of output
signal values when an SNR of the input signal refative fo the noise signal is
comparable fo a maximum SMNR of the input signal.

B. The method of Claim 5 further comprising:
(c) mapping the input signal to a noise range of output signal
values when the input signal is comparable to the noise signal.

7. The methog of Claim 5 further comprising:
()  mapping the input signal to a soft tissue range of output
signal values when the input signal is acquired from soft tissue.

4. Irs & medical uitrasonic imaging system operative to acquire a
receive imput signal and to display an output signal, an adaptive mapping
method comprising:

{a) determining a statistical measure of variability of the input
signal;

(b)  identifying portions of the input signal corresponding to
50ft tissue based at least in part on the statistical measure of (a); and

(c) mapping the portions of the input signal ideniified in (b) to

& soft tissue range of output signal values.

9. The method of Claim 8 further comprising.
{d) providing a noise signal indicative of a currently-prevailing
noise level for the system;
(8)  mapping the input signal to a noise range of output signal
values when the input signal is comparable to the noise signat.

10.  Tre method of Clakn 8 further comprising:
{d)  mapping the input signal to a high-SNR range of autput
signal values when an SNR of the input signal relative to the noise signal is
comparable to a maximurm SNR of the input signal.
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11.  The method of Claim & further comprising:
[{)] mapping the input signal te a high-SKR range of output
signal values when an SNR of the input signal relative to the noise signal is
comparable to a maximum SNR of the input signal.

12.  The method of Claim 1, 4, 5, or 8 wherein the input signal is

indicative of 3 multidimensicnal image.

13, The method of Claim 3, 5, 10 or 11 wherein the SNR of the input
signal is indicative of a point SNR.

14.  The method of Claim 13 wherein the maximum SNR is
determined aver a portion of the input signal cerresponding to & portion of a
current image frame.

156.  The method of Claim 14 wherein the maximum SNR is
determined over a perticn of the input signal corespondirg to ar entire
current image frame.

16.  The method of Ciaim 14 wherein the maximum SNR is
dJetermined over & portion af the input signal corresponding to a previous

image frame,

17.  The methed of Claim 14 wherein the maximum SNR is
determined aver a portion of the input signal corespending to N previous

image frames, where N is an integer greater than 1.

18.  The method of Claim 3, 5, 10 or 11 wherein the SNR of the input

signal is indicative of an average SNR.

18.  The method of Claim 18 wherein the maximum SNR is
determined over a partion of the input signal coresponding to a portion of &

current image frame.

JP 2004-500915 A 2004.1.15



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

15

20

25

(62)

WO 01/50714 PCT/US01/12438

-31-

20.  The method of Claim 18 wherein the maximum SNR is
determined over a portion of the input signal comespending to an entire

current image frame.

21.  The method of Claim 18 wherein the maximum SNR is
determined over a portion of the input signal cerrespanding to a previous

image frame.

22, The method of Claim 18 wherein the maximum SNR is
determined over a portion of the input signal corresponding to N previous
image frames, where N is an integer greater than 1.

23.  The method of Claim 1, 4, §, 10 or 11 wherein the noise signal

varies as a function of at least two spatial dimensions.

24.  The method of Clam B wherein (b) comprises:
(b1)  determining high clutter porticns of the autput signaf
characterized by low ccherence factor; and
(b2) ensuring that the areas identified in (5) are outside of the
high clutter regions determined in {b1).

25.  The method of Claim 3, 4, 5, 10 or 11 wherein the maximum
SNR of the input signal varies as a function of at least one spatial dimension.

28.  The method of Claim 3, 4, 5, 10 or 11 wherain the maximum
SNR of the input signal varies as a function of at least two spatial dimensions.

27.  The method of Claim 1, 5 or 8 wherein the receive inpul signal is
a signal selected frors the group consisting of an intensity signal and an
amplitude signal.

28. The method of Claim 1, 5 or 8 wherein the receive input signal is
& B-mode signal.

29.  The method of Claim 1, 5 or 8 wherein the receive input signal is

a log-compressed signal.
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30.  In a medical ultrasenic imaging system operative to acquire an
input signal indicative of an echo signal parameter and to display ar output
signal, an adaptive mapping method comprising:

(a)  determining a statistical measure of amplitude variability
aof the input signal;

(h)  identifying pertions of the input signal cosresponding
substantially to soft tissue based at least in part on the statistical measure of
{a)

{c) causing average amplitude of the portions of the input
signal identified in (b) fo be displayed at substantially a target display value.

31.  The methed of Claim 30 wherein the statistical measure of (a) is
indigative of spatial variance of the Input signal, and wherein the input signal
is amplitude-detected and lag-comprassed signals.

32.  The method of Claim 30 wherein tha statistical measure of (a) is
indicative of spatial variance of the input signal normalized by spatia! local
mean of the input signal, and wherein the input signal is a pre-compression
signal.

33, The method of Claim 30 wherein the statistical measure is
determined in (a) alang at least ene axis selected from the group consisting of
lateral, axial and elevational axes.

34.  The method of Claim 30 further comprising:
(@)  storing the farget display value as a pre-selected value.

35. The method of Claim 30 further comprising:
(d)  accepting user selection of the target display value.

36. The methed of Claim 30 further comprising:
{d)  adaptively adjusting the target display value in response
to ambient light.
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37.  The method of Claim 30 wherein act {a) is automatically
perfarmed at a predetermined interval, and wherein the predetermined

interval comprises 8 predetermined number of image frames.

38. The method of Claim 30 wherein act {a) is automatically
performed at a predetermined interval, and wherein the predetermined
interval comprises a predetermined number of seconds.

38.  The method &f Claim 30 wherein (b) comprises:
(b1) determining ncise regiens of the image characterized by
low SNR; and
{b2) ensuring that the areas identified in {b) are cutside of the
noise regions determined in (bT).

40.  The method of Claim 30 wherein (b) comprises:
{o1) determining high clutter regions of the image
characterized by low coherance factor; and
(82) ensuring that the areas identified in (b) are outside of the
high clutter regions determined in (1),

41.  In & medical ultrasonic imaging system, a method for adaptively

controlling gain, said method comprising:

(a}  determining soft tissua average amplitude at a plurality of
Iocations of an image;

(b) fitting a surface to the soff tissue average amplitude in the
image;

{c) adaptively varying a gain of the system based &l least in
part on the surface fitted in (b).

42, The method cof Claim 41 wherein the surface is a second order
surface.

43, The method of Claim 41 wherein (¢) comprises:
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{d) causing average amplitude of areas of soft tissue in the
image to be displayed at substantially a target display value,

44 in 2 medical ultrasonic imaging system, a method for adaptively

cortrolling gain, said methed comprising:

(&) acquiring an image with e plurality of acguisition
parameters of the system set ta respective pre-selected values;

()  determining soft tissue average amplitude at a plurality of
locations of an imags;

(¢)  adaptively varying a gain of the system hased at least in
part an the soft tissue average amplitude of {(b).

45.  {n a medical ultrasonic imaging system, a methcd for adaptively

contrelling gain, said method comprising:

(a) determining soft tissue average amplitude at a piurality of
locations in an image;

{b}]  determining noise values at said plurality of locations in
the image; and

(c) adagpiively varying a gain of the system based at least in
part on the soft tissue average amplitude of (a} and the noise values of (b).

4G6.  The method of Claim 45 wherein (c) is operative to cause
average amplitude of soft tissue to be displayed at substantiaily a target

display value:

47. The method of Claim 45 wherein () comprises subiracting the
noise values from the image over at least a portion of the image.

48.  The method of Claim 45 wherein the noise values of (b} are
indicative of spatial means of amplitudedetected, log-compressed noise at

respective locations in the image.
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49.  The method of Claim 45 wherein the neise vaiues of (b) are
indicative of temporal means of amplitude-detected, log-compressed noise at

respactive locations in the image.

80.  The method of Claim 45 wherein the noise values of (b) are
indicative of spaiial variance of noise power normalized by local mean noise

power.

51.  The method of Claim 45 wherein the locations are arrayed in 2

one-dimensienal array along a range axis of the image.

52.  The methad of Claim 4% wherein the locations are arayed ina
two-dimensional array along range and azimuthal axes of the image.

53. Tnamedical ultrasonic imaging system, a method for adaptively

controliing gain, said method comprising:

{a)  determining soft tissue average amplitude at a plurality of
loeations in an image;

by  determining noise valuss at said plurality of locations in
the image; and

{c)  adaptively varying dynamic range of the system based at
least in part on the average amplitude of (a) and the noise values of (b).

54.  The method of Claim B, 30, 41, 44, 45 or 53 further comprising:
(d) initiating (a), (b) and {c) in response to a user request.

55.  The method of Claim 8, 30, 41, 44, 45 or 53 further comprising:
(dy initiating (a), (b) and {c) autematically at a predetermined
interval.

56. The method of Claim §3 further compnising:
(d)  adaptively varying a gain of the system based at least in
part on the average ampiiude of (a) and the reise values of (b).
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57. The method of Claim 8, 30 or 44 wherein (b) comprises
identifying a spatial pattern in the statistical measure of (&} characteristic of 2
selected soft tissue.

58.  The method of Claim 8 or 57 wherein the spatial pattern
comprises a linear region of reduced spatial variahility.

59.  The method of Claim 8, 30 or 44 further comprising:
(d) avoiding at least cne signal precessing operation from the
following group during acquisition of the input signal: frequency
compounding, spatial compounding, spatial filttering, temporal filtering.

60.  The method of Claim 41 wherein the surface is represented as a
polynomial sgline.

61.  The method of Claim 41 wherein the surface is répresented as a
lingar combination of a plurality of basis functions.

62.  The method of Claim 8, 30, 41, 44, 45, or 53 further comprising:
(d}  initiating (a), (), and (c) automatically in response te a
substantial change in at least a portion of a frame generated by the imaging

system.

83.  The methed of Claim 8, 30, 41, 44, 45, or 53 further corprising:
{d) initiating (a), (&), and (c) autematically fallowing a
substantiai increase followed by a substantial reduction of frame to frame
change in at least a portion of a frame generated by the imaging system.

64, The method of Claim 8, 30, 41, 44, 45, or 53 further comprising:
(dy initiating (a)}, (b), and (c) automatically in response fo a
change in an imaging parameter of the imaging system.

65. The method of Claim 8, 30, 41 or 44 wherein the imaging
system displays an image, and wherein (b} is performed for a region that

extends beyond the image.
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B86. The methad of Claim 45 or 53 wherain the imaging system
displays an image, and wherein {a) is performed for a region that extends
beyond the image.

87, The methed of Claim 8 or 30 further gomprising:
) suppressing noise in the input signal prior to (a).

68.  The methad of Claim 8 or 30 further comprising:

suppressing noise in the statistical measure of variability.

69.  The method of Claim B or 30 wherein (b) comprises:
(b1) comparing the statistical measure of variability of (a)
10 against upper and lower thresholds.

70.  The method of Claim 68 wherein (b) further comprises:
(32) adjusting at least one of the upper and lower thresholds.
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