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METHODS AND APPARATUS FOR ULTRASOUND IMAGING

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional
Application No. 60/744,019, filed on March 31, 2006 and U.S.
Provisional Application No. 60/744,020, filed on March 31, 2006,

which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002] The invention relates to ultrasound imaging. More
specifically, the invention relates to automatically adjusting
the gain of received ultrasound signals when performing

ultrasound imaging.

[0003] Ultrasound is used to image human bodies to diagnose
various medical conditions of, for example, a fetus, the heart,
liver, kidney and other organs. Ultrasound is transmitted by an
ultrasound transducer through the skin to tissues in the human
body. The ultrasound is scattered by ultrasound scatterers and
is received by the ultrasound transducer. The received
ultrasound is converted to an electrical signal by the
ultrasound transducer and is processed to create an image of the

tissues.

"[0004] Ultrasound is attenuéted through the human tissues at a
rate of approximately 0.5 dB/MHz/cm. The intensity of the
ultrasonic beam decreases as it penetrates the tissue.
Therefore, two identical targets at different depths will
pfoduce different echoes with the echo produced by the closer
target being larger than the other. This problem may be
circumvented by using timefgain compensation (TGC) in which the

1
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gain of the received signal amplifier is increased as a function
depth (time) to compensate for the loss in energy due to
attenuation. Various forms of time-gain compensation have been
used. In modern scanners, TGC shape may be conveniently adjusted

to optimize the image or the application.

[0005] Conventional ultrasound imaging systems are usually
equipped with TGC to compensate for this type of attenuation.
However, most systems use either a fixed TGC or an operator
adjustable TGC. If the received ultrasound signal is not
compensated for, the resulting ultrasound image would be
brighter at a shallow depth and darker at a larger depth

resulting in a non-uniform image.

[0006] Fixed TGC uses a predetermined attenuation curve for all
imaging which is not optimal since-attenuation in patient’s
bodies varies from one patient to another. Adjustable TGC is
controlled by an operator by sliding potentiometers on the
control coﬁsole. Typical ultrasound systems include several
potentiometers for the operator to adjust to create an
attenuation compensation curve that provides a uniform image.
The operator needs 'to set the TGC potentiometers for every
patient and for every location of the human body to image. If
the TGC settings are set inaccurately, diagnostic quality may

suffer;

[0007] Operator adjustable TGC is time consuming, and may
adversely affect a patient’s diagnosis. There exists a need to
automatically adjust TGC using signals from the patient for each

ultrasound image.
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-SUMMARY OF THE INVENTION
[0008] The inventor has discovered that it would be desirable to
have a system and method that uses actual ultrasound tissue
attenuation to calculate gain compensation profiles which are
then used as compensation to correct and create a uniform image
for display. Axial, latergl, elevation (for volume imaging) and
combination gain profiles are used to correct gain and reduce

variation across an image.

[0009] In addition to providing gain compensation, automatic
"activation of the gain compensation is taught. In one
embodiment, motion sensors are used to detect probe movement and
to activate the gain compensation system. In another embodiment,

motions are detected by the ultrasound images.

[0010] One aspect of the invention provides a method for
deriving gain compensating data from ultrasound image data.
Methods according to this aspect of the invention comprise
receiving ultrasound image data corresponding to an image scan,
assembling an image frame from the ultrasound image data, the
image frame having columns and rows of image data values where
columns represent lateral position and rows represent axial
position, partitioning the image data frame into a plurality of
sections, calculating a representative signal value for each
section, calculating gain variations between adjacent section
representative signal values, calculating a gain variation
distribution from the gain variations between sections,
calculating a gain variation curve from the gain variation
distribution, and calculating a gain compensating curve from the
gain variation cﬁrve, wherein a compensating gain value

corresponds with a position.
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[0011] Another aspect is wherein the ultrasound imaging data
comprises RF data, IF data, baseband signal data, detected
baseband signal data, log-compressed detected baseband signal

data, line data or image data.

[0012] Another aspect of the invention provides a method for
deriving gain compensating data for an ultrasound image volume.
Methods according to this aspect of the invention comprise
receiving ultrasound image data corresponding to a plurality of
consecutive image scans, assembling an image volume from the
plurality of image scans, the image volume having three
.dimensions of image data values where columns represent lateral
position, rows represent axial position, and frames represent
elevation position, partitioning the volume into a plurality of
volume sections, calculating a representative signal value for
each volume section, calculating a gain variation between
adjacent volume section representative signal values,
calculating a gain variation distribution from the gain
variations between volume sections, calculating a gain variation
curve from the gain variation distribution, and calculating a
gain compensating curve from the gain variation curve, wherein a

compensating gain value corresponds with a position.

[0013] Another aspect of the invention provides a method for
activating an automatic gain compensation data system for
ultrasound systems. Methods according to this aspect comprise
receiving ultrasound image data corresponding to consecutive
image scans, and performing a correlation analysis between image
data for each received scan, wherein the correlation analysis
returns a value representative of probe movement, and if a

detected change is greater than a predetermined value, the probe

4
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may be considered moved initiating new gain compensation

calculations.

[0014] Another aspect is wherein the correlation analyses are
correlation, sum of absolute differences D (SAD), sum of square
differences (SSD), sum of cubic differences, and sum of powered

differences DY.

[0015] Another aspect of the invention provides a method for
activating an automatic gain compensation data system for
ultrasound systems. Methods according to this aspect comprise
receiving ultrasound image data corresponding to consecutive
image scans, and observing gain variation changes between axial,
lateral or elevation sections, wherein if a detected change is
greater than a predetermined value, the probe may be considered

moved initiating new gain compensation calculation.

[0016] Another aspect of the invention provides a method for
activating an automatic gain compensation data system for
ultrasound systems. Methods according to this aspect comprise
receiving ultrasound image data corresponding to consecutive
image scans, and detecting motions by correlation, SAD or SSD,
SCD or sum of powered differences wherein if a detected change
is greater than a predetermined value, the probe may be
considered moved initiating new gain compensation calculation to

compensate for new ‘gain changes.

[0017] Another aspect of the invention provides a method for
activating an automatic gain compensation data system for

ultrasound systems. Methods according to this aspect comprise

5
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detecting motion using a motion sensor attached to an ultrasound
probe, wherein if motion is greater than a predetermined value,
the probe is considered moved, initiating new gain compensation

calculations.

[0018]1 Another aspect of the invention provides a method for
controlling the gains of TGC amplifiers, and axial, lateral and
elevation variable gain amplifiers of an ultrasound system while
acquiring ultrasound image data. Methods according to this
aspect comprise receiving axial, lateral and elevation gain
compensating data from an ultrasound image, receiving ultrasound
signals from the ultrasound system, calculating an overall gain
value from the received ultrasound signals, calculating TGC,
axial, lateral and elevation amplifier gain data from previous
axial, lateral and elevation combination gain data, and received
axial, lateral and elevation gain compensating data, and the
overall gain data; and distributing the TGC, axial, lateral and

elevation amplifier gain data to the respective amplifiers.

[0019] Another aspect of the invention is an automatic gain
compensation system for deriving gain compensating data for
ultrasound systems having amplifiers configured to adjust a
received signal’s gain while acquiring ultrasound image data.
Systems according to this aspect comprise an automatic gain
processor configured for receiving ultrasound image data
corresponding to an image scan, assembling an image frame from
the ultrasound image data, the image frame having columns and
rows of image data values where columns represent lateral
position and rows represent axial position, partitioning the
image data frame into a plurality of sections, calculating a

representative signal value for each section, calculating gain

6
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variations between adjacent section representative signal
values, calculating a gain variation distribution from the gain
variations between sections, calculating a gain variation curve
from the gain variation distribution, and calculating a gain
compensating curve from the gain variation curve, wherein a

compensating gain value corresponds with a position.

[0020] Another aspect of the invention is an automatic gain
compensation system for deriving gain compensating data for
ultrasound systems having amplifiers configured to adjust a
received signal’s gain while acquiring ultrasound image data.
Systems according to this aspect comprise an automatic gain
processor configured for receiving ultrasound image data
corresponding to a plurality of consecutive image scans,
assembling an image volume from the plurality of image scans,
the image volume having three dimensions of image data values
where columns represent lateral position, rows represent axial
position, and frames represent elevation position, partitioning
the volume into a plurality of volume sections, calculating a
representative signal value for each volume section, calculating
a gain variation between adjacent volume section representative
signal values, calculating a gain variation distribution from
the gain variations between volume sections, calculating a gain
variation curve from the gain variation distribution, and
calculating a gain compensating curve from the gain variation
curve, wherein a compensating gain value corresponds with a

position.

[0021] Another aspect of the invention is a system for
activating an automatic gain compensation data system for

ultrasound systems. Systems according to this aspect comprise

7
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means for receiving ultrasound image data corresponding to
consecutive image scans, and means for performing a correlation
analysis between image data for each received scan, wherein the
correlation analysis returns a value representative of probe
movement, and if a detected change is greater than a
predetermined value, the probe may be considered moved

initiating new gain compensation calculations.

[0022] Another aspect of the system is wherein the correlation
analyses are correlation, sum of absolute differences D (SAD),
sum of square differences (SSD), sum of cubic differences, and

sum of powered differences DY.

[0023] Another aspect of the invention is a system for
activating an automatic gain compensation data system for
ultrasound systems. Systems according to this aspect comprise
means for receiving ultrasound image data corresponding to
consecutive image scans, and means for observing gain variation -
changes between axial, lateral or elevation sections, wherein if
a detected change is greater than a predetermined value, the
probe may be considered moved initiating new gain compensation

calculation.

[0024] Another aspect of the invention is a system for
activating an automatic gain compensation data system for
ultrasound systems. Systems according to this aspect comprise
means for receiving uitrasound image data corresponding to
consecutive image scans, and means for detecting motions by
correlation, SAD or SSD, SCD or sum of powered differences

wherein if a detected change is greater than a predetermined
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value, the probe may be considered moved initiating new gain

compensation calculation to compensate for new gain changes.

[0025] Another aspect of the invention is a system for
activating an automatic gain compensation data system for
ultrasound systems. Systems according to this aspect comprise
means for detecting motion using a motion sensor attached to an
ultrasound probe, wherein if motion is greater than a
predetermined value, the probe is considered moved, initiating

' new gain compensation calculations.

[0026] Another aspect of the system is wherein the motion sensor
is a velocimeter, accelerometer, gyroscope, motion tracking

device, and a position sensor.

[0027] Another aspect of the invention is a system for
controlling the gains of TGC amplifiers, and axial, lateral and
elevation variable gain amplifiers of an ultrasound system while
acquiring ultrasound image data. Systems according to this
aspect comprise a processor configured for receiving axial,
lateral and elevation gain compensating data from an ultrasound
image, receiving ultrasound signals from the ultrasound system,
calculating an overall gain value from the received ultrasound
signals, calculating TGC, axial, lateral and elevation amplifier
gain data from previous axial, lateral and elevation combination
gain data, and received axial, lateral and elevation gain
compensating data, and the overall gain data, and distributing
the TGC, axial, lateral and elevation amplifier gain data to the

respective amplifiers.
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[0028] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the invention

will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] FIG. 1 is an exemplary embodiment of a typical ultrasound

system with the automatic gain compensation system.
[0030] FIG. 2 is an exemplary image data frame.

[0031] FIG. 3 is an exemplary method.

[0032] FIG. 4 is an exemplary axial sectioning of the image data

frame shown in FIG. 2.

[0033] FIG. 5 is an exemplary axial gain compensation curve.

[0034] FIG. 6 is an ultrasound image before axial gain

compensation with ten axial section histograms.

[0035] FIG. 7 is the ultrasound image shown in FIG. 6 after
axial gain compensation with ten axial histograms showing a more

uniform vertical intensity distribution

[0036] FIG. 8 is an exemplary lateral sectioning of the image

data frame shown in FIG. 2.
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[0037] FIG. 9 is an exemplary lateral gain compensation curve.

[0038] FIG. 10 is an ultrasound image before lateral gain

compensation with four lateral section histograms..

[0039] FIG. 11 is the ultrasound image shown in FIG. 10 after
lateral gain compensation with four lateral histograms showing a

more uniform horizontal intensity distribution.

[0040] FIG. 12 is an exemplary elevation sectioning of a five

image data frame volume.

[0041] FIG. 13 is an exemplary elevation gain compensation

curve.

[0042] FIG. 14 is an exemplary axial sectioning of a five image

data frame volume.

[0043] FIG. 15 is an exemplary axial volume gain compensation

curve.

[0044] FIG. 16 is an exemplary lateral sectioning of a five

'image data frame volume.

[0045] FIG. 17 is an exemplary lateral volume gain compensation

curve.

11
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DETAILED DESCRIPTION
[0046] Embodiments of the invention will be described with
reference to the accompanying drawing figufes wherein like
numbers represent like elements throughout. Before embodiments
of the invention are explained in detail, it is to be understood
that the invention is not limited in its application to the
details of the examples set forth in the following description
or illustrated in the figures. The invention is capable of other
embodiments and of being practiced or carried out in a variety
of applications and in various ways. Also, it is to be
understood that the phraseology and terminology used herein if
for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having,” and
vériations thereof herein is meant to encompass the items listed
thereafter and equivalents thereof as well as additional items.
The terms “mounted,” “connected,” and “coupled,” are used
broadly and encompass both direct and indirect mounting,
connecting, and coupling. Further, “connected, ” and “coupled”
are not restricted to physical or mechanical connections or

couplings.

[0047] It should be noted that the invention is not limited to
any particular software lahguage described or that is implied in
the figures. One of ordinary skill in the art will understand
that a variety of alternative software languages may be used for
implementation of the invention. It should also be understood
that some of the components and items are illustrated and
described as if they were hardware elements, as is common
practice within the art. However, one of ordinary skill in the
art, and based on a reading of this detailed description, would
understand that, in at least one embodiment, components in the

method and system may be implemented in software or hardware.
12
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[0048] Embodiments of the invention provide methods, systems,
and a computer-usable medium storing computer-readable
instructions that efficiently process ultrasound image data into
axial, lateral and elevation gain compensation curves for
real-time diagnostic imaging applications. The invention
efficiently analyzes data from one ultrasound image data frame,
or for volumes, a plurality of image data frames, and derives
gain compensation profiles or curves for each image dimension.
The invention is a modular framework and may be deployed as
hardware resident in an enclosure having an onboard power
supply, or as software as an application program tangibly
embodied on a program storage device for executing with a
processor. The application code for execution may reside on a

plurality of different types of computer readable media.

[0049] By way of background, ultrasonography (sonography) uses a
probe containing one or more acoustic transducers to send pulses
of sound into a material. A sound wave is typically produced by
creating short, strong pulses of sound from an array of
piezoelectric transducers encased in a probe. The frequencies
used for medical imagiﬁg are generally in the range of from 1 to
20 MHz which are medium to high ultrasound frequencies and may
produce a single, focused sound wave from the sum of all the
individual pulses emitted by the transducer. Higher frequencies
have a correspondingly lower wavelength and yield higher spatial
resolution images. Sonography may use systems employing a
funaamantal frequency as well as systems employing harmonics of

the fundamental frequency.

[0050] Whenever the sound wave encounters a material with a

different acoustical impedance, part of the sound wave is

13
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reflected, which the transducer detects as an echo. The return
sound wave vibrates the transducer's elements and turns that
vibration into electrical pulses that are sent from the probe to
a processor where they are processed and transformed into an
image. The time it takes for the echo to travel back to the
probe is measured and used to calculate the depth of the tissue

interface causing the echo.

[0051] To generate a two-dimensional image, the ultrasound beam
is swept electronically using an array transducer (e.g. phased
array, linear array, convex array and others). Alternately, a
single element transducer or an annular array transducer can be
used and mechanically scanned to create a two-dimensional image.
The received RF data is further processed and used to construct
an ultrasound image. An array transducer may be equiped with a
mechanical-scan device that allows the transducer to be
mechanically swept in addition to the array’s electronic
scanning such that volume data for three-dimensional imaging may

be obtained.

[0052] The ultrasound system can determine the location of organ
or target tissue based on ultrasound measured travel-time,
provided a fixed sound speed of approximately 1540 m/sf Large
echo signals would appear bright in the image while small echo

signals would appear dark.

[0053] The received data is referred to as RF data values and
its representation is similar to that of a matrix. For éxample,

with i indentifying axial rows and j identifying lateral columns

where i=1,2,3,...,.M and j=12,3,...,N. The RF data values a,;, are

14
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typically bipolar (i) multi-bit values. For example, a 2048x128

RF data frame may have 262,144 image data values a; -

[0054] Shown in FIG. 1 are a typical ultrasound system 101 and
an exemplary embodiment of the automatic gain compensation
system 103. The automatic gain compensation system 103 may be

employed with any ultrasound imaging system 101.

[(0055] The ultrasound system 101 comprises a probe 105 having a
‘transducer array comprising a plurality of elements 107,-107x,
where X is the number of rectangular elements that may be
arranged in a line as a linear array, the number of square
elements arranged in rows and columns as a two-dimensional
array, or ring-shaped elements arranged concentrically as an
annular array. The probe 105 is coupled to a microcoaxial cable

109 typically having X coaxial cables.

[0056] The cable 109 may be coupled to a high voltage
multiplexer 111 to reduce hardware complexity, or may be cdupled
directly to a transmit/receive switch 113 which blocks the high
transmit voltage pulses 115. The transmit/receive switch 113
outputs are coupled to a plurality of channels Y. Each channel
may comprise a low noise preamplifier 117, coupled to a time-gain
compensation (TGC) amplifier 119,. Each TGC amplifier 119,
comprises a variable gain amplifier section and a programmable
gain amplifier section which may produce a fixed gain for an

axial direction.

[0057] The outputs of all channels Y (119y-119y) are coupled to a

digital beamformer 121 which steers and focuses the plurality of
15
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individual channel y outputs into one beam. The beamformer 121
may comprise a plurality of A/D converters 123,-123y each coupled
to a variable delay 125,-125y such as a FIFO and/or a phase
rotator. The delayed channels are coupled.to a digital adder 127

and output.

[0058] The output from the beamformer 121 is coupled to a
cascaded amplifier section 129 that may comprise a detection and
logarithmic amplifier 131 to compress the dynamic range before
downstream gain and image processing. The detection and log
amplifier 131 is coupled to a variable gain axial amplifier 133,
which is coupled ﬁo a variable gain lateral amplifier 135. The
amplifier section 129 is coupled to an image processor 137 for B
mode imaging processing, to a color Doppler processor 139 for
flow mode processing, to a spectral Doppler processor 138, and
to a volume processor 142 comprising a variable gain elevation
amplifier 143 and a three-dimensional scan converter 145. The
outputs of the processors 137, 139 and converter 145 are coupled
to a display 141. The processors 137, 139 and converter 145

store image frame values and assembled image frames.

[0059] As described above, an array probe 105 may contain from
32 to 300 transducer elements 107, that may be focused and
steered by properly delaying the signals going to the elements
for transmission, and delaying (125,) the signals after
reception. The purpose of focusing is to improve lateral image
resolution. A pulse 115 exciting the center element of the probe
105 is delayed by a time period relative to the pulses 115
exciting the elements at the perimeter of the probe 105, so that

all transducer pulses 107, arrive at a focus point P in the
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tissue simultaneously. During reception, the transducer elements

107, may be continuously focused from shallow to deep areas.

[0060] Upon reception, ultrasound signals from the plurality of
probe 105 transducer elements 107, are focused and steered into
one beam by the beamformer 121. The process is repeated, forming
another beam adjacent to the previous beam until an end position
is reached. From the 32 to 300 transducer elements 107,, 50 to
500 lateral beams may be produced via focusing and steering,
with each beam comprising from about 100 to 1,000 image data

values a; ; in the axial direction. The plurality of beams and

image data values form one two-dimensional image data frame

after scan conversion.

[0061] The exemplary ultrasound system 101 uses a digital
beamformer 121. However, in other embodiments, an analog
beamformer which uses analog delay components, may be used.
Furthermore, an ultrasound system using a mechanical-scan,
single element transducer 107, which uses an acoustic lens for

focusing may be also used.

[0062] The automatic gain compensation system 103 receives as
inputs image data 147 output from the beamformer 121, image data
148 output from the variable gain lateral amplifier 129 and
image data 149 output from the variable gain élevation amplifier
143. The automatic gain compensation system 103 outputs control
signals to the variable gain TGC amplifiers 119,, the variable
gain axial amplifier 133, the variable gain lateral amplifier

135 and the variable gain elevation amplifier 143.

17
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[0063] The automatic gain compensation system 103 may comprise a
detector/logarithmic amplifier 151 coupled to a frame assembler
153 for compressing and processing RF signals output from the
beamformer 121. The image data 148, 149 output from the variable
géin lateral amplifier 135 and variable gain elevation amplifier

143 is coupled to the frame assembler 153. Image data may

comprise amplitude (p), power (pz), Qﬁ), Qf), p?, or any signal
derived from amplitude or power, where g is a real number. In
one embodiment, coupled to the frame assembler 153 is an axial
gain variation engine 155, a lateral gain variation engine 157,
and an elevation gain variation engine 159 configured for
parallel processing. Alternatively, the axial, lateral and
elevation eﬁgine functionality may be combined into one engine
and serially processed. The three engines 155, 157, 159 output
compensation data coupled to a director 161 which may apportion
the compensation data output to the variable gain TGC amplifiers
119y, the variable gain axial amplifier 133, the variable gain
lateral amplifier 135 and the variable gain elevation amplifier
143 to compensate for signal gain variations in one or more

directions.

[0064] To perform gain compensation data calculations, the
automatic gain compensatioﬁ system 103 may be initiated by a
user, by motion detection. For motion detection, a processor 165
is coupled to the detector 151 and frame assembler 153. The
motion processor 165 may perform correlation using the RF signal
output from the"beamformer 121, or using baseband, line data or
image data from the frame assembler 153 to sense when the
ultrasound probe 105 is moved from one position to another.
Correlation may be performed between frames or before and after

movement .

18
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ZZ(SIJ‘:}' —Sl)(S2x+X,y+}' "Sz)
[0065) pS', 8%, X, Y) = =28 (1)

\/ii(six,y —3'—].)2 'ii (S2x+X,y+Y ""':STZ—)2

x=] y=1 x=1 y=1

[0066] Alternatively, the processor 165 may use the sum of
absolute differences (SAD) '

[0067] SAD(S‘,S",X,Y)=ZM:Z":

x=1 y=1

Slx,y -S2x+X,y+Y ’ (2)

[0068] or sum of square differences (SSD)

[0069] SSD(S', 8%, X, 1) =D (S'sy = STeexur)?, (3)

x=] y=1

f0070] or the sum of cubic differences (SCD)

3
S]x,y _S21+X,y+}' . (4)

[0071] SCD(S',SZ,X.,,Y)=ii

x=1 y=1
[0072] Moreover, the sum of powered differences (SPD)

q9

[0073] SPD(S',8%,X,Y) = > 18"y = S2sxper (5)

x=1 y=l
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[0074] may be used, where SKJ is an ultrasound signal at x,y of

a first frame, S8’ux,ris an ultrasound signal at x+X,y+Y of a
y

second frame, g is a real number, m and n define a correlation

window size, and §' and E? are mean in the windows of the first
and second frames. In one embodiment, these equations may be
used to find the minimum value to track ultrasound signals to
obtain a motion (X,Y). For the case of correlation, a search for
the maximum value correlation is performed to obtain a motion.
If the motion is greater than a predetermined value, the probe
is considered moved, initiating the automatic gain compensation
‘system 103. Alternatively, these equations with X =0,Y =0 may be
used to calculate overall correlation between two frames to show
the quality of a still image. If these values except correlation
(1) are greater than a preset value, the probe is considered
moved, initiating the automatic gain compensation system 103. In
case of correlation in (1), if the correlation is smaller than a
preset value, the probe is considered moved, initiating the

automatic gain compensation system 103.

[0075] Initiation of gain compensation of the TGC, axial,
lateral and elevation amplifiers 119,, 133, 135, 143 may be
performed when gain compensation data changes. Gain variation
data from the axial 155, lateral 157, or ele&ation 159 engines
may be monitored by the motion processor 165. A first tissue
region as compared to another may significantly change
ultrasound signals indicating probe movement whereby new gain
variation data is needed. If the detected motion is more than a
predefined value, the probe 105 may be considered moved,
initiating gain compensation including setting the amplifiers’

gains using new gain compensation curves. In an alternate
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embodiment, a gain variation and compensation calculation is
initiated only when motion is detected. The new gain
compensation modifies any previous gain applied to the

amplifiers.

[0076] Motion may also be detected by using a motion sensor 167
attached to the probe 105. Motion sensors such as a velocimeter,
accelerometer, gyroscope or motion tracking device or position
sensor such as an Ascension Technology Corporation flock of
birds sensor may be coupled to the motion detection processor
165 through the motion sensor system 166. If motion, velocity or
acceleration is greater thén a predetermined value, the probe is
considered moved, and a gain compensation calculation is
performed. In another embodiment, the automatic gain
compensation system 103 may be activated periodically, for

example, at predetermined time intervals.

{00771 The axial 155, lateral 157 and elevation 159 engines may
be DSPs, ASICs (application specific integrated circuit), FPGAs
(field programmable gate array), general'purpose processors,
memories or discreet devices such as adders, multipliers,
dividers and other devices, or a combination of the component
types. The automatic gain compensation system 103 may be
comprised of DSPs, ASICs, FPGAs, general purpose processors or
discreet devices, or a combination of the component types. The
automatic gain compensation system 103 may accept line data,
baseband data, or RF signal data as image data input. In an
alternative embodiment, the system 103 may also use ultrasound
image data output from the processors 137 such as regular
ultraséund B-mode (grayscale) line data. The line data may be

used to calculate gain compensation curves. If beamformed RF
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data 147 is used, the system 103 performs detection 151 to
obtain the amplitude of the signal. Detection 151 may be
performed using quadrature detection, mixers (multipliers),

lowpass filtering, a Hilbert transform, or amplitude detection.

[0078] The automatic gain compensation system 103 may perform
several different analyses of the image data values. The
analyses may include, for one image frame, an axial gain
analysis and/or a lateral gain analysis. One or both gain.
compensations may be applied to data signals received from
subsequent image scans. For three-dimension or volume imaging, a
predefined series of image frames are required. Volume imaging
may include an elevation volume gain analysis determining gain
between frames, or groups of frames, an axial volume analysis
and/or a lateral volume analysis. A combination of any of the

three analyses may be applied to a next received volume.

[0079] Software containing the gain compensation method of the
invention may be loaded into a data store 163 and executed in
the different engines 155, 157, 159 to perform gain variation
and gain compensation curves computations. Since a gain
variation curve is calculated based on actual patient ultrasound
data, the channel TGC amplifiers 119, typically perform best for
a subsequent image scan after compensation, offering the best

dynamic range and signal to noise ratio (SNR).

[0080] To derive an axial or lateral gain compensation curve,

the frame image data values g;; must be partitioned in accordance

with the desired analysis.
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[0081] Shown in FIG. 2 is an exemplary image data frame 201.
FIG. 3 shows the method of the invention. For simplicity, the
exemplary frame is assembled from 15 beams N =15, each having 15

image values M =15, totaling 225 image values a,; (steps 305,

310). Each image data value a,; may be a multibit wvalue

comprising, for example, 8 bits representing 255 image levels

@"—Lu%aen=8)

[0082] Lower and upper limits lmit,,,, limit,, are determined and

may be applied to each image data g,; value in the frame.

Ultrasound signals returned from blood or other fluids exhibits
lower signal amplitudes than those from healthy soft tissue.

Therefore, signals having an amplitude less than the low limit

a;; < limit,,, are identified and flagged. In contrast, ultrasound

returned from organ borders or bone exhibits extremely high
signal amplitudes. Signals having an amplitude greater than the

upper limit auiZhhdt are identified and flagged for non-use

upper
since these signals do not represent soft tissue. The flagged

image data values are not considered valid limit,,, <a, 6 <limit,,, and

are not included in gain variation curve calculations (step
315) . Therefore, in the exemplary image data frame 201, there

may be less than 255 valid image values.

[0083] The method performs a partitioning of an image data frame
into sections depending upon whether a two-dimensional axial
and/or lateral analysis. is desired, or if a three-dimensional

elevation, axial and/or lateral analysis is desired.
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[0084] FIG. 4 shows an axial partitioning of the exemplary image

data frame of FIG. 2. For simplicity, the frame is partitioned
into five equal axial sections (AS) A,B,C,D,and E, each axial
section having three unique rows for a two-dimensional analysis
(step 325). Each section may contain up to 45 valid image data
values g;;. However, the frame may be partitioned into any number
of sections having the same or different number of valid image
data values per section. In other variants, some sections may
overlap with other sections sharing valid image data values a;; .
Since not all of the valid image data values may be used,

sections may be represented as any separate shape such as

separate or intersecting circles or ellipses. The valid image

data values a,; in a defined axial section are used.

[0085] The axial engine 155 computes a representative signal
value (I) for each defined axial section ASA,ASB,ASC,ASD,and ASE
using the valid image data values gq;; within each section.

Section signal analysis may be performed using methods such as
histograms, percentile value, mean, median, mode, and others.
For this example, histograms and a percentile value are used to

derive section representative signal values.

[0086] For each histogram, the number of valid image data g

values limit,,, <a,  <limit

per in a section are mapped corresponding to

their value. A histogram is simply a mapping that counts the

number of observations or occurrences, image data values g;; in

this case, that fall into various values (or disjoint

categories) known as bins.
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[0087] If the image data values a,; are 8 bit binary numbers,

each value may take on a number between 0 and 255. The.histogram
forms an intensity distribution. A percentile of the resulting
histogram distribution is taken, which then becomes a
representative signal value for that section. The histogram may
yield a percentile value, for example, 70%. The percentile value

of 70% is a threshold value below which 70% percent of the image

data values gq;; used for that section fall in. The 50% percentile

is the median.

[0088] The representative signal values calculated for each

axial section (step 330) ASA,ASB,ASC,ASDand ASE are compared

with adjacent axial section representative signal values. The
axial section representative signal values for

AS A,ASB,ASC,ASDand ASE may be converted to decibels (dB) if not

in decibels or to log-compressed signals if not log-compressed.

[0089] When working with linear-scale power gain factors, total
gain is the product of the individual gains, requiring
multiplication between quantities. To calculate total gain, it
may be cumbersome if portions reduce the total gain, thereby
requiring division as well as multiplication. Multiplication
implemented in digital form is typically inefficient and
- expensive when compared to other arithmetic operations such as

adders.

[0090] Rather than multiplying numbers, their logarithms may be
added together, and the antilogarithm of the sum-taken to find
the product if the two numbers were multiplied. Mathematically,

bg@4xB}=th+4ogB. To divide one number into another, the
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logarithm of the divisor is subtracted from the logarithm of the

dividend, log(—;;) =logA-logB .

[0091] The calculations used to teach the invention are in
decibels or log-compressed or log-scale signals for simplicity
and efficiency. Alternatively, linear-scale power gain factors

may be used, using the mathematical operations described above.

[0092] Gain variation A's between axial section representative
signal values are calculated. To calculate gain variation A's,
one section from the plurality of sections is selected as a
reference position and a distribution direction is chosen. For
gain variation calculations proceeding in the chosen
distribution direction, a section representative signal value is
subtracted from an adjacent section representative signal value
further away from the reference position. For gain variation
calculations not proceeding in the chosen distribution
direction, a section representative signal value is subtracted
from an adjacent section representative signal value nearer to
the reference position. These calcﬁlations include the
representative signal value for the reference position (step

335).

[0093] In conjunction with the gain variation A's, each axial

section ASA,ASB,ASC,ASDand ASE representative signal value is

compared with an adjacent axial section representative signal

value, and compared with a predefined Ilimitl (step 340)
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458-4s4| > limit 1, then substitute zero,or a predefined value

: 4sc—ass| > limit 1, then substitute zero,or a predefined value
[0094] (6)

asp-asc| > limit 1, then substitute zero,or a predefined value

S
[

4sE-asp| > limit 1, then substitute zero,or a predefined value

[0095] If the absolute difference between one section
representative signal value and its adjacent section

representative signal value is greater than the predefined limitl,

instead of using that gain variation A value (A ,c,0 Asscouss s

Agsp-asc @nd Ayp 45p, OT Bysp ys s Agscoaspe BDuspasc and Ay 45,)
zero, or a predefined value is substituted for that gain
variation A value. The substitution prevents a gross skew in the
distribution. In an alternative embodiment, the comparison and

substitution process may not occur.

[0096] A number of gain variation distribution series values are
calculated from the gain variation A's. The reference position
section representative signal value is used as one of the
distribution series values. A new distribution series value is
calculated by adding a gain variation A to a previous gain
variation distribution series value if in the distribution
direction, or by subtracting a gain variation A from a previous
gain variation distribution series value if not in the
distribution direction. The entire series of distribution series

values are arranged in order (step 345).

[0097] Using the shallowest axial section ASA as the reference

position with a top to bottom distribution direction
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AS4 =axial gainvar dist1

=axial gainvar dist2

I
IASA + AASB—ASA
1 =axial gainvardist3 . (7)

[0098]) usat D sp usatBsc_ass

asatBuspasa ¥ Buscousp tBusp-ssc =axial gainvar dist4

I
LisatBusn asatByscouss T Dusp-asc + B ase-asp=axial gainvar dist 5

[0099] Using the deepest axial section ASE as the reference

position with a bottom to top distribution direction

I 4se =axial gainvar dist 5

Tise +Ai5puse =axial gainvar dist 4

I sp +A j5p_use ¥ D asc-usp =axial gainvar dist 3
[00100) 4 4 o . (8)

Tise+ 8 5p uase B uscousp T Busp-ssc =axial gainvar dist 2

Lise + A sp_ase Y Buscousp + Bass-asc + B us s-as5 =axial gainvar dist1

[00101] Using a middle axial section ASC as the reference

position with a top to bottom distribution direction

Iisc— A sc-usp — D s p-as 4 =axial gainvar dist1
Iisc=Dyscousa =axial gainvar dist2
[00102] Isc =axial gainvar dist3 . (9)
sctBuspousc =axial gainvar dist4

I
Iisc + B 5p-usc + A ispis p =axial gainvar dist 5

[00103] The entire series of distribution series wvalues in order
1,2,3,4and 5 are assembled as a continuous gain variation curve
(step 350) using interpolation functions such as linear,

cubic-spline and others. An axial gain compensation curve is
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derived from the gain variation curve by changing the polarity
(i.e., plus or minus) of the gain variation curve. If the values
are in linear-scale, the gain compensation curve is the
reciprocal of the gain Qariation curve (step 355). An exemplary
axial gain compensation curve is shown in FIG. 5 from an image

data frame axially partitioned into 20 sections.

{00104] An axial gain compensation curve is used to compensate
arriving signals via the variable gain TGC amplifiers 119, and
the variable gain axial amplifier 133 using the gain
compensation curve data output by the axial engine 155 and
apportioned by the director 161. The amount of géin from the
axial compensation curve in relation to a position (axial depth)
may be apportioned. Rather than potentially overloading the gain
of the variable gain TGC amplifiers 119,, the gain may be
apportioned between the variable gain TGC amplifiers 119, and the
variable gain axial amplifier 133. The axial gain compensation

may be applied to a next received image data frame {step 360).

[00105] FIG. 6 shows an actual ultrasound image, partitioned into
10 axial sections. Shown alongside each section is its
respective histogram. FIG. 7 éhows the same ultrasound image
after axial gain compensation. After axial gain compensation,
the same sections were analyzed, with the resultant histograms
shown. It can be seen that the image after compensation has a
vertically uniform intensity. The histograms after compensatdion
likewise show a uniform intensity distribution from section to

section.

[00106] The same process is used to obtain a lateral gain

compensation curve. To derive a lateral gain compensation curve,
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the image data frame is partitioned laterally. Shown in FIG. 8
is an exemplary lateral partitioning of the image frame shown in
FIG. 2. For this example, the frame is partitioned into five
equal lateral sections .(LS) F,G,H,I,andJ , each having three
unique columns for a two-dimensional analysis (step 325). Each
lateral secﬁion may contain up to 45 valid image data wvalues a;.
However, as described above for axial analysis,>the frame may be
partitioned into any number of lateral sections, having any
number of valid image data values g¢;;, and in a variety of

shapes. Some sections may overlap with other sections sharing

valid image data values.

[00107] The lateral engine 157 computes a representative signal
value (I) for each defined lateral section LSF,LSG,LSH,LSIandLSJ

using the valid image data values a;; within each section. The

representative signal values calculated for each lateral section
are compared with adjacent lateral sections. The lateral section
LSF,LSG,LSH,LSIand LSJ representative signal values may be
converted to decibels if not in decibels or to log-compressed
signals if not log-compressed before. The representative signal
value computation may be performed using any of the above listed

methods.

[00108] Gain variation A's between lateral section representative
signal values are calculated based on a desired distribution

direction (step 335).

[00109] In conjunction with the gain variation A, each lateral

section LSF,LSG,LSH,LSIand LSJ representative signal value is
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compared with an adjacent lateral section representative signal

value and compared with a predefined limit2 (step 340)

if |Aisr_rs Gl >limit 2, then substitute zero,or a predefined value

if A5G _1s ,,l >limit 2, then substitute zero,or a predefined value
[00110] . (10)
U Arsass ,I >limit 2, then substitute zero,or a predefined value

if Asi_is J| >limit 2, then substitute zero,or a predefined value

[00111] If the absolute difference between one section
representative signal value and its adjacent section

representative signal value is greater than the predefined limit2,

instead of using that gain variation A value (A r: Aisy_isc:

Apsiasy and Apgy i5p0 0 Digryssr Bisyoysi Asgousy and Apgp j56), a
zero, or a predefined value, is substituted for that gain
variation A value. The substitution prevents a gross skew in the

distribution. In an alternative embodiment, the comparison and

substitution process may not be performed.

[00112] A gain variation distribution for lateral sections is a
lateral accumulation series. The series continues until all

lateral gain variation A values have been considered (step 345).

[00113] Using the right end lateral section LSF as the reference

position with a right to left distribution direction
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I, = lat gainvar dist1

Lisp+ D56 1sF =lat gainvar dist 2
[00114]1 I, +A5o_15Fr Y Aish1s6 =lat gainvar dist3 . (11)
Lp+ A 15r VA syo1s6 Y ALs o151 =lat gainvardist 4

Igr + A6 15F VD spo1s6 + Arsi_isu + Disy-1s; =lat gainvar dist 5

[00115] Using the left end lateral section LSJ as the reference

position with a left to right distribution direction

I, = lat gainvar dist 5
Lo, + A, 1, = lat gainvar dist 4
[00116] 1,5, +A,g, s, +Ash_iss =lat gainvardist3 . (12)

Lo, A 1) D s 151 Y Arsers =lat gainvar dist 2

I, + A s A su 151+ Asgorsy + Dispo1sg =lat gainvar dist1

[00117] The entire series of distribution series values in order
1,2,34and 5 are assembled as a continuous gain variation curve
(step 350) using interpolation functions. A lateral gain
compensation curve is derived from the gain variation curve by
changing the polarity (i.e., plus or minus) of the gain
variation curve. If the values are in linear-scale, the gain
compensation curve is.the reciprocal of the gain variation curve
(step 355). An exemplary lateral gain compensation curve is
shown in FIG. 9 from an image data frame laterally partitioned

into 12 sections.

[00118]) A lateral gain compensation curve is used to compensate
arriving signals via the variable gain TGC amplifiers 119, and
the variable gain lateral amplifier 135 using the lateral gain

compensation curve data output by the lateral engine 157 and
32



WO 2007/113692 PCT/IB2007/002115

director 161. The amount of gain from the lateral compensation
curve may be apportioned between the amplifiers. Using high
speed TGC amplifiers, a lateral gain compensation curve may be
applied to the TGC amplifiers for every received ultrasound
signal, effecting lateral gain compensation. Typically, the
variable gain lateral gain amplifier 135 is used to compensate
for lateral gain variations. Rather than overloading the gain of
the variable gain TGC amplifiers 119y, the gain may be
apportioned between the variable gain TGC amplifiers 119, and the
variable gain lateral amplifier 135. The lateral compensation
may be applied to one or more incoming image data frames (step

360) .

[00119] FIG. 10 shows an actual ultrasound image partitioned into
4 lateral sections, with the resultantvhistograms for each
respective section shown alongside. FIG. 11 shows the same
ultrasound image after lateral gain compensation. After lateral
gain compensation, the same sections were analyzed, with the
resultant histograms shown. It can be seen that the image after
processing has uniform horizontal intensity. The histograms
likewise show a uniform intensity distribution from section to

section.

[00120] Since the computation of an elevation gain compensation
curve is used for volume imaging, a series of frames are
required (steps 320, 365). Shown in FIG. 12 is an exemplary
elevation calculation for a series of five consecutive
ultrasound image frames a,b,c,d,ande. Typically, 50 to 100 frames
Oor more may comprise a volume. Lower and upper limits

limit, . .limit are applied to each image data value

upper
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limit, ,,, limit,,,,.

limit,,,, <a, < limit

upper ¢ <b,; < limit <c¢, <limit

upper ' upper '

and limit,,, <e  <limit to determine valid frame

limit,,,, <d, ; <limit wper

upper

image data values (step 315).

[00121] The elevation engine 159 compﬁtes a representative signal
value (]) for each defined elevation section (ES) which may be an
individual frame (ESa, ESb, ESc, ESd and ESe) or a group of
frames (ES1=Frame a+Frameb, ES2=Framec and ES3=Framed+ Framee)
(step 375). Frame groups lessen calculatién expense when volumes
compfising 50 to 100 frames are considered. The representative
signal values calculated for each elevation section are compared
with adjacent elevation section representative signal values.
The elevation section representative signal values may be

converted to decibels or log-compressed signals.

[00122] As in the previous sectioning methods, not all valid
image data values are necessary. For example, a sampling across
a frame, or a frame group may be performed, or a predefined
pattern or shape capturing image data values in each frame or
frame group may be used. Elevation sections may, or may not
share valid image data values (overlap) with one another. The
valid image data values in a defined elevation section are used.
The representative signal value computation may be performed

-using any of the above listed methods.

[00123] Gain variation A's between adjacent elevation section
representative signal values are calculated based on a desired

distribution direction (step 380).
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[00124] In conjunction with elevation gain variation A's, each
elevation section representative signal value is compared with

an adjacent elevation section representative signal value and

compared with a predefined Ilimit3 (step 385)

if lA ESi- ESZI >limit 3, then substitute zero,or a predefined value
[00125] . (13)
if IA ES2-ES 3l >limit3, then substitute zero,or a predefined value

[00126] If the absolute difference between one elevation section
representative signal value and its adjacent elevation section

representative signal value is greater than the predefined [limit3,
instead of using that gain variation A value (Agy g, and Agg, oy,
or Aggy g, @and Ag, ;). zero, or a predefined value is substituted

for that gain variation A value. In an alternative embodiment,

the comparison and substitution process may not be performed.

[00127] A gain variation distribution for elevation sections is
an elevation accumulation series. The series continues until all

elevation section gain variation A values have been considered

(step 390).

[00128] Using the front elevation section ES1 as the reference

position with a front to back distribution direction

I, = elevation gainvar dist1
[00129] T +Apsy gy = elevation gainvar dist2 . (14)

Tog, + Apgy_psy + Dessy_gs, =€levation gainvar dist3
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[00130] Using the back elevation section ES3 as the reference

position with a back to front distribution direction

I, = elevation gainvar dist 3
[00131] Ty +Apsy ks = elevation gainvar dist 2 (15)

Ty + Apg, oy + Agsy_ g, =€levation gainvar dist1

[00132] The entire series of distribution series values in order
,2,and 3 are assembled as a continuous gain variation curve (step
395) using interpolation functions. An elevation gain
compensation curve is derived from the gain variation curve by
changing the polarity (i.e., plus of minus) of the gain
variation curve. If the values are in linear-scale, the gain
compensation curve is the reciprocal of the gain variation curve
(step 397). An exemplary elevation compensation curve is shown

in FIG. 13.

[00133] An elevation gain compensation curve is used to
compensate arriving signals using the variable gain TGC
amplifiers 119, and variable gain elevation amplifier 143 using
the elevation gain compensation curve data output by the
elevation engine 159 and director 161. The elevation
compensation may be applied to the next series of frames in a

volume (step 360).

[00134] Shown in FIG. 14 is an exemplary axial sectioning of a
five image frames. For axial volume gain compensation, the axial
engine 155 computes a representative signal value for the same

axial section throughout the volume (steps 365, 370).
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[00135] An axial volume section (AVS) may be the same region of
image data values in Framea, throughout Framesb,c,dande. The
volume may be partitioned into any number of axial sections,
with sections having the same or different number of image data
values. As previously described, a sampling in the form of a
cylinder, elliptical cylinder, or other shape may be used
throughout the volume as a section. Additionally, some sections
may overlap with other sections. The valid image data values in

a defined section are used.

[00136] The axial engine 155 computes a representative signal
value (I) for each defined axial voiume section (step 370)

AVS A,AVS B,AVSC,AVS D,and AVSE , which is compared with adjacent
axial volume section representative signal values. The axial
volume section AVSA, AVSB, AVSC, AVSD and AVSE
representative signal values may be converted to decibels if not
in decibels or to log-compressed signéls. As above, the
representative signal value analysis may be performed using

several different methods.

[00137) Gain variation A's between adjacent axial volume sections
are calculated based on a desired distribution direction (step

375) .

[00138] In conjunction with the gain variation A, each axial
volume section AVSA,AVSB,AVSC,AVS Dand AVSE representative

signal value is compared with an adjacent axial volume section

representative signal value and compared with a predefined limit4

(step 385)
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+vs 4 avs 5| > limit 4, then substitute zero,or a predefined value

v B-avsc| > limit 4, then substitute zero,or a predefined value
[00139] (16)

vsc—avs p| > limit 4, then substitute zero,or a predefined value

-
5 T T &

uvs b-avs | > limit 4, then substitute zero,or a predefined value

[00140] If the absolute difference between one axial volume
section representative signal value and its adjacent axial
volume section representative signal value is greater than the

predefined limit4, instead of using that gain variation A value

(A yssavsar Davscoavssr BDavspavsc @A B yse ysp + OF Aysyavspe Davss-arsc +

A yscoavspt Davspase )+ Zz€ro, or a predefined value is substituted

for that gain variation A value. The substitution prevents a
gross skew in the distribution. In an .alternative embodiment,

the comparison and substitution process may not be performed.

[00141] A gain variation distribution for axial volume sections
is an axial accumulation series. The series continues until all
axial volume gain variation A values have been considered (step

390) .

[00142] Using the shallowest axial volume section AVSA as the

reference position with a top to bottom distribution direction
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WO 2007/113692
1 yys 4 = axvol gainvar dist1
LyysatBavss avsa =axvol gaindistvar 2
[00243] 1,5, +A 55 avsa +Divscouvss = axvol gaindistvar 3 .
Lavsa+Bavsn-avsa + D yusc_avss + Bavsp-avsc = axvol gaindist var 4

Lysa+ A ysp-avsa +A yysc-avss +A ysp_avsc + A yyse-avsp = axvol gaindistvar 5

(17)

[00144] Using the deepest axial volume section AVSE as the

reference position with a bottom to top distribution direction

Ise = ax vol gainvar dist 5

Liyse + B avsp_arse = ax vol gainvar dist 4

[00145] 7, 5. +A s vse Y Auscuvsp = ax vol gainvardist3 .

Livse A jspavse ¥ Davscoavsp +A s_avsc = ax vol gainvar dist 2

Lise + A gusp_avse +A yysc-avsp +AAVSB-—AVSC +A 45 4-avss = ax vol gainvardist 1

(18)

[00146] The entire series of distribution series values in order
1,2,34and 5 are assembled as a continuous axial volume gain
variation curve (step 395) using interpolation. An axial volume
gain compensation curve is calculated from the axial volume gain
variation curve by changing the polarity (i.e., pPlus or minus)
of the axial volume gain variation (step 397). If the values are
in linear-scale, the gain compensation curve is the reciprocal
of the gain variation curve. An exemplary axial volume

compensation curve is shown in FIG. 15.

[00147] An axial volume gain compensation curve is used to
compensate arriving signals via the variable gain TGC amplifiers

119, and the variable gain axial amplifier 133 using the axial
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volume gain compensation curve data output by the axial engine
155 .and apportioned by the director 161. The axial volume

compensation may be applied to a next volume (step 360).

[00148] Shown in FIG. 16 is an exemplary lateral volume
sectioning of a five image data frame volume. For lateral volume
gain compensation, the lateral engine 157 computes a
repfesentative signal value for the same lateral volume section

throughout the volume (step 365).

[00149] A lateral volume section (LVS) may be the same region of
image data values in Framea, throughout Framesb,c,dande. The
volume may be partitioned into any number of lateral sections,
with sections having the same or different number of image data
values. As in the axial volume analysis, a sampling in the form
of a cylinder, or other shape may be used throughout the volume
as a section. Some sections may overlap with other sections. The

valid image data values in a defined section are used.

[00150] The lateral engine 157 computes a representative signal
value U) for each defined lateral volume section
LVSF,LVSG,LVSH,LVSIand LVSJ , which are then compared with
adjacent lateral volume sections. The lateral volume section
LVSF, LVSG, LVSH, LVSI and LVSJ representative signai values
may be converted to decibels if not in decibels or to
log-compressed signals. The representative signal value
computation may be performed using any of the above listed

methods.
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[00151] Gain variation A's between adjacent lateral volume

sections are calculated based on a desired direction (step 380).

[00152] In conjunction with the gain variation A, each lateral
volume section LVSF,LVSG,LVSH,LVSIandLVSJ representative signal
value is compared with an adjacent lateral volume section

representative signal value and compared with a predefined Ilimit$5

(step 385)

if IA LVS F-LVS Gl >limit5, then substitute zero,or a predefined value

if IA LVSG-LVS ,,I >Iimit'5, then substitute zero,or a predefined value

[00153] (19)

if |A LVS HLVS ,I >limit5, then substitute zero,or a predefined value

if IA LVSI-LVS Jl >limit 5, then substitute zero,or a predefined value

[00154] If the absolute difference between one lateral volume
section representative signal value and its adjacent lateral
volume section representative signal value is greater than the

predefined limit5, instead of using that gain variation A value
(Bpysrtvse + BDrusgowsn + Brvsn-wvsi and Apvsiciss o OF Appseavsr s Bisu-tvse
Avpoiisy and A, e, 0 ), zero, or a predefined value is substituted
for that gain variation A value. The substitution prevents a

gross skew in the distribution. In an alternative embodiment,

the comparison and substitution process may not be performed.

[00155] A gain variation distribution for lateral volume sections
is a lateral accumulation series. The series continues until all
lateral volume gain variation A values have been considered

(step 397).
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[00156] Using the right end lateral volume section LVSF as the

reference position with a right to left distribution direction

y =latvol gainvar dist1

Iyse + DG 1vsr = latvol gainvar dist 2
[00157] I, + A, 6 1vsr + Apysn-tvse =latvol gainvardist3 .

Lysr +Apvservse Y Divsu-tvse + Aiysi-tvsn ‘=latvol gainvar dist 4

Iyse +Apyseorvsr + Apsu-tse + Divsi-tyvsa + Brvss-vs) =latvol gainvar dist 5

(20)

[00158]) Using the left end lateral volume section LVSJ as the

reference position with a right to left distribution direction

1y, = latvol gainvar dist 5

Iy, + A s tvss = lat vol gainvar dist 4
I

sy YA pysi_ivss Y Drysu_tvst =latvol gainvar dist 3

[00159]

Iysy + B ysivss ¥ Drvsuovst ¥ Aivsoorvsn =lat vol gainvardist2

Lyss + Arvsiovss +Brysn-tvst + A ysg-wvsu + Divsrrvsg =latvol gainvar dist1

(21)

[00160] The entire series of distribution series values in order
,2,3,4and 5 are assembled as a continuous lateral volume gain
variation curve (step 395) using interpolation functions. A
lateral volume gain variation curve is derived from the gain
variation curve by changing the polarity (i.e., plus or minus)
of the gain variation curve. If the values are in linear-scale,
the gain compensation curve is the reciprocal of the gain
variation curve (step 397). An exemplary lateral volume gain

variation compensation curve is shown in FIG. 17.
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[00161] A lateral volume gain compensation curve is.used to
compensate arriving signals via the variable gain TGC amplifiers
119, and the variable gain lateral amplifier 135 uéing the
lateral volume gain compensation curve data output by the
lateral engine 157 and apportioned by the director 161. The

lateral compensation may be applied to a next volume (step 355).

[00162] As in the case of two-dimensional axial and/or lateral
gain compensation curves, a combination of elevation and axial
and/or lateral volume partitioning results in three volume gain

compensation curves. Each curve may be applied to a next volume.

[00163] Any combination of elevation, axial and lateral gain
compensation may be applied to a next, incoming image frame(s).
The newly calculated gain compensation curves indicate
differences from prévious amplifiers gain curves that provided
outputs to control the gain of each amplifier 119y, 133, 135,
143. The gain compensation curves derived modify pre-existing

gain curves.

[00164] Returning to FIG. 1, the outputs from the axial 155,
lateral 157 and elevation 159 engines are input to the director

161 where the gain compensation curves are processed.

[00165] Since new gain compensation curves update, or modify,
previousl& calculated gain compensation curves, each director
161 axial, lateral and elevation input is coupled to a
corresponding gain adder 169&, b, ¢. An output of each adder
169a, b, ¢ is coupled to a corresponding delay 171a, b, ¢, which

is coupled to a memory 170a, b, c. The memory 170a, b, c stores
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a previous gain compensation curve upon initialization and
afterwards, an updated combination gain. The gain adder 169a, D,
c outputs a gain which is a combination of a newly calculated

gain compensation curve and a previous or updated gain.

[00166] The axial delay 17la is used to delay the total TGC +
axial amplifier gain curve (i.e. a combination of TGC and axial
amplifier gains and is referred to as axial combination gain) by
one frame such that the axial combination gain curve of the
previous frame is stored in the memory 170a which is added to a
new axial compensating curve to obtain a new axial combination

gain curve.

[00167] Similarly, the lateral delay 171b is used to delay the
total TGC + lateral amplifier gain curve (i.e. combination of
TGC and lateral amplifier gains and is referred to as lateral
combination gain) by one frame such that the lateral combination
gain curve of the previous frame is stored in the memory 170b
which is added to a new lateral compensating curve to obtain a

new lateral combination gain curve.

[00168] The elevation delay 171c is used to delay the total TGC +
elevation amplifier gain curve (i.e. combination of TGC and
elevation amplifier gains and is referred to as elevation
combination gain) by one volume such that the lateral
combination gain curve of the previous volume is stored in the
memory 170c which is added to the new elevation éompensating

curve to obtain a new elevation combination gain curve.
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[00169]) The outputs of the gain adders 169a, b, c are coupled to
first 173a, b, c and second 175a, b, c weight multipliers. The
first 173a, b, ¢ weight multipliers are coupled to apportioning

weights a (axial), f (lateral) and y (elevation) and the second

weight multipliers 175a, b, c are coupled to apportioning

weights l-a 177a, 1-f 177b, and 1-y 177c.

[00170] The weights a,f,andy determine how much of a respective
gain compensation value at a time ¢ is apportioned between a
respective axial 133, lateral 135 and elevation 143 variable
gain amplifier, and the variable gain section of the TGC
amplifiers 119,. The weights a,f,andy are derived using an
apportioning proceésor 179 whi_ch optimizes each weight a,f,andy .
A discussion of the optimization process that determines the

weights a,f,andy is beyond the scope of this disclosure.

[00171] The outputs from the second weight multipliers 175a, b, c¢
are output to corresponding axial 133, lateral 135 and elevation

143 variable gain amplifiers.

[00172] The output from the axial weight multiplier 173a is
coupled to an adder 179 and mean calculator 181. The mean
calculator 181 obtains the mean of the output from the axial
multiplier 173a which is subtracted from the axial weight
multiplier 173a output and is coupled to a common adder 183. The
adder 179 subtracts the TGC gain curve mean from the TGC gain
curve so that a constant gain is applied to the TGC amplifiers
119, fixed gain section, and only a curve gain is applied to the

TGC amplifiers 119, variable gain section. This operation
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conserves the dynamic range of the TGC amplifier. In an

alternate embodiment, the mean and subtraction may not be used.

[00173] The axial combination gain curve is multiplied by a so
that a portion of the gain curve is applied to the TGC
amplifiers 119, variable gain section. The output of the adder
179 is coupled to a DAC (digital to analog converter) 185, if
required, and output to the TGC amplifiers 119, variable gain

section.

[00174] The lateral combination gain from memory 170b is updated
every beam to achieve the effects of the lateral gain curve and
is multiplied by f so that a part of the gain curve is applied
to the TGC amplifier 119, variable gain. A lateral delay 187 is

used to synchronize all gain curves.

[00175] The elevation combination gain from memory 170c is
updated every frame to achieve the effects of the elevation gain
curve and is multiplied by y so that a part of the gain curve is
applied to the TGC amplifiers 119, variable gain. An elevation

delay 189 is used to synchronize all gain curves.

[00176] The outputs of the delays 187, 189 and the output of the
mean calculator 181 are coupled to the common adder 183. The
adder 183 combines all TGC amplifier 119, fixed gain portioms.
The combined gain is output to another adder 191 and combined

with an overall gain output by a gain calculator 193.
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[00177] The outputs of lateral 135 or elevation 143 amplifiers,
for the case of three dimension imaging, is coupled to the
overall gain calculator 193 to obtain the overall gain using a
histogram, percentile, mean, mode, median. The overall gain in
dB or log-scale is changed in polarity (minus or plus) and added
a preset value to set the final image brightness to the preset
value. This operation sets the overall image brightness to a

preset brightness value that most users prefer.

[00178] The combined output from the adder 191 is the TGC
amplifier 119, fixed gain portion. The TGC amplifier 119, fixed
gain portion is coupled to the fixed, or programmable gain

amplifier in a TGC amplifier 119y chip.

[00179] The axial, lateral and elevation gain variations are
compensated for by the above operations, and the overall image
gain is set to the preset image brightness a user may prefer.

The invention provides uniformity across all image dimensions.

[00180] One or more embodiments of the present invention have
been described. Nevertheiess, it will be understood that various
modifications may be made without departing from the spirit and
scope of the invention. Accordingly, other embodiments are |

within the scope of the following claims.
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CLAIMS

What is claimed is:
1. A method for deriving gain compensating data from
ultrasound image data comprising:

receiving ultrasound image data corresponding to an image
scan;

assembling an image frame from the ultrasound image data;
the image frame having columns and rows of image data values
where columns represent lateral position and rows represent
axial position;

partitioning the image data frame into a plurality of
sections;

calculating a representative signal value for each section;

calculating gain variations between adjacent section
representative signal values;

calculating a gain variation distribution from the gain
variations between sections;

calculating a gain variation curve from the gain variation
distribution; and

calculating a gain compensating curve from the gain
variafion curve, wherein a compensating gain value corresponds

with a position.

2. The method according to claim 1 further comprising:
examining each image data value in the frame for wvalues
outside of a predefined lower and upper limit; and
flagging the image data values outside the predefined

limits for non-use.

3. The method according to claim 2 wherein the ultrasound

imaging data comprises RF data, IF data, baseband signal data,
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detected baseband signal data, log-compressed detected baseband

signal data, line data or image data.

4. The method according to claim 3 wherein the representative
signal value for each section is calculated using histograms,

percentile value, mean, median and mode.

5. The method according to claim 4 wherein each section can
have the same number of image data values, a different number of
image data values, or image data values shared with an adjacent

section.

6. The method according to claim 5 wherein calculating gain
variations between adjacent section representative signal values
for image data in decibels or that is log-scale or
log-compressed further comprises:

choosing one section as a reference position;

choosing a distribution direction;

for gain variation calculations proceeding in the
distribution direction, a section representative signal value,
or the reference position representative signal value if the
adjacent section is next to the reference section, is subtracted
from an adjacent section representative signal value further
away from the reference position; and

for gain variation calculations not proceeding in the
distribution direction, a section representative signal value is
subtracted from an adjacent section representative signal value
nearer to the reference position, or the reference position
representative signal value if the adjacent section is next to

the reference section.
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7. The method according to claim 6 wherein calculating the
gain variation distribution is a series of distribution sefies
values in order further comprising:

using the reference position representative signal value as
one gain variation distribution series value; and

creating a new gain variation distribution series value by
adding a gain variation to a previous gain variation
distribution series value if in the distribution direction, or
by subtracting a gain variation from a previous gain variation

distribution series value if not in the distribution direction.

8. The method according to claim 7 wherein the gain variation
curve is calculated by a curve fit or interpolation of the gain

variation distribution series values in order.

9. The method according to claim 8 wherein a gain compensating
curve is calculated by changing the polarity of the gain

variation curve.

10. The method according to claim 6 further comprising

comparing an absolute value of each gain variation value with a
predetermined limit wherein if an absolute gain variation value
is greater than the predetermined limit, substituting a zero for

that gain variation value.

11. The method according to claim 6 further comprising
comparing an absolute value of each gain variation values with a
predetermined limit wherein if an absolute gain variation value
is greater than the predetermined limit, substituting a

predetermined value for that gain variation wvalue.
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12. The method according to claim 6 wherein the plurality of

sections are axial sections.

13. The method according to claim 6 wherein the plurality of

sections are lateral sections.

14. The method according to claim 5 wherein calculating gain
variations between adjacent section representative signal values
for image data in linear scale further comprises:

choosing one section as a reference position;

choosing a distribution direction;

for gain variation calculations proceeding in the
distribution direction, a section representative signal value,
or the reference position representative signal value if the
adjacent section is next to the reference section, is divided
into an adjacent section representative signal value further
away from the reference position; and

for gain variation calculations not proceeding in the
distribution direction, a section representative signal value is
divided into an adjacent section representative signal value
nearer to the reference position, or the reference position
representative signal value if the adjacent section is next to

the reference section.

15. The method according to claim 14 wherein calculating the
gain variation distribution is a sgries of distribution values
in order further comprising:

using the reference position representative signal value as
one gain variation distribution series value; and

creating a new gain variation distribution series value by
multiplying a gain variation with a previous gain variation

distribution series value if in the distribution direction, or
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by dividing a gain variation into a previous gain variation

distribution series value if not in the distribution direction.

l6. The method according to claim 15 wherein the gain variation
curve is calculated by a curve fit or interpolation of the gain

variation distribution values in order.

17. The method according to claim 16 wherein a gain
compensating curve is calculated from the reciprocal of the gain

variation curve.

18. The method according to c¢laim 14 further comprising
comparing an absolute value of each gain variation value with
two predetermined limits wherein if an absolute gain variation
value is smaller than the smaller predetermined limit or greater
than the larger predetermined limit, substituting a one for that

gain variation value.

19. The method according to claim 14 further comprising
comparing an absolute value of each gain variation value with
two predetermined limits wherein if an absolute gain variation
value is smaller than the smaller predetermined limit or greater
than the larger predetermined limit, substituting a

predetermined value for that gain variation value.

20. The method according to claim 14 wherein the plurality of

sections are axial sections.

21. The method according to claim 14 wherein the plurality of

sections are lateral sections.

52



WO 2007/113692 PCT/IB2007/002115

22. A method for deriving gain compensating data for an
ultrasound image volume comprising:

receiving ultrasound image data corresponding to a
plurality of consecutive image scans;

assembling an image volume from the plurality of image
scans, the image volume having three dimensions of image data
values where columns represent lateral position, rows represent
axial position, and frames represent elevation position;

partitioning the volume into a plurality of volume
sections;

calculating a representétive signal value for each volume
section;

calculating a gain variation between adjacent volume
section representative signal values;

calculating a gain variation distribution from the gain
variations between volume sections;

calculating a gain variation curve from the gain variation
distribution; and

calculating a gain compensating curve from the gain
variation curve, wherein a compensating gain value corresponds

with a position.

23. The method according to claim 22 further comprising:
examining each image data value in the volume image for

values outside of a predefined lower and upper limit; and
flagging the image data values outside the predefined

limits for non-use.
24. The method according to claim 23 wherein the ultrasound

imaging data comprises RF data, IF data, baseband signal,

detected baseband signal, line data or image data.
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25. The method according to claim 24 wherein the representative
signal value for each volume section is calculated using

histograms, percentile value, mean, median and mode.

26. The method according to claim 25 wherein each volume
section can have the same number of image data values, a
different number of image data values, or image data values

shared with an adjacent volume section.

27. The method according to claim 26 wherein calculating gain
variations between adjacent volume section representative signal
values for image data in decibels or that is log-compressed
further comprises:

choosing one volume section as a reference position;

choosing a distribution direction;

for gain variation calculations proceeding in the
distribution direction, a volume section representative signal
value, or the reference position representative signal value if
the adjacent section is next to the reference section, is
subtracted from an adjacent volume section representative signal
value further away from the reference position; and

for gain variation calculations not proceeding in the
distribution direction, a volume section representative signal
value is subtracted from an adjacent volume section
representative signal value nearer to the reference position, or
the reference position representative signal value if the

adjacent section is next to the reference section.
28. The method according to claim 27 wherein calculating the

gain variation distribution is a series of distribution series

values in order further comprising:
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using the reference position representative signal value as
one gain variation distribution series value; and

creating a new gain variation distribution series value by
adding a gain variation to a previoﬁs gain variation
distribution series value if in the distribution direction, or
by subtracting a gain variation from a previous gain variation

distribution series value if not in the distribution direction.

29. The method according to claim 28 wherein the gain variation
curve is calculated by a curve fit of the gain variation

distribution series values in order.

30. The method according to claim 29 wherein a gain
compensating curve is calculated by changing the polarity of the

gain variation curve.

31. The method according to claim 27 further comprising

comparing an absolute value of each gain variation value with a
predetermined limit whérein if an absolute gain variation wvalue
is greater than the predetermined limit, substituting a zero for

that gain variation value.

32. The method according to claim 27 further comprising
comparing an absolute value of each gain variation values with a
predetermined limit wherein if an absolute gain variation value
is greater than the predetermined limit, substituting a
predetermined value for that gain variation value. Another claim

of no substitution no what the outcome may be.

33. The method according to claim 27 wherein the plurality of

volume sections are elevation volume sections.
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34. The method according to claim 27 wherein the plurality of

volume sections are axial volume sections.

35. The method according to claim 27 wherein the plurality of

volume sections are lateral volume sections.

36. The method according to claim 26 wherein calculating gain
variations between adjacent volume section representative signal
values for image data in linear scale further comprises:

choosing one volume section as a reference position;

choosing a distribution direction;

for gain variation calculations proceeding in the
distribution direction, a volume section representative signal
value, or the reference position representative signal value if
the adjacent section is next to the reference section, is
divided into an adjacent volume section representative signal
value further away from the reference position; and

for gain variation calculations not proceeding in the
distribution direction, a volume section representative signal
value is divided into an adjacent volume section representative
signal value nearer to the reference position, or the reference
position -representative signal value if the adjacent section is

next to the reference section.

37. The method according to claim 36 wherein calculating the
gain variation distribution is a series of distribution series
values in order further comprising:

using the reference position representative signal value as
one gain variation distribution series value; and

creating a new gain variation distribution series value by
multiplying a gain variation with a previous gain variation

distribution series value if in the distribution direction, or
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by dividing a gain variation into a previous gain variation

distribution series value if not in the distribution direction.

38. The method according to claim 37 wherein the gain variation
curve is calculated by a curve fit or interpolation of the gain

variation distribution values in order.

39. The method according to claim 38 wherein a gain
compensating curve is calculated by the reciprocal of the gain

variation curve.

40. The method according to claim 36 further comprising
comparing an absolute value of each gain variation wvalue with
two predetermined limits wherein if an absolute gain variation
value is smaller than the smaller predetermined limit or greater
than the larger predetermined limit, substituting an one for

that gain variation value.

41. The method according to claim 36 further comprising
comparing an absolute value of each gain variation value with
two predetermined limits wherein if an absolute gain variation
value is smaller than the smaller predetermined limit or greater
than the predetermined limit, substituting a predetermined value

for that gain variation value.

42. The method according to claim 36 wherein the plurality of

volume sections are elevation volume sections.

43. The method according to claim 36 wherein the plurality of

volume sections are axial volume sections.
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44. The method according to claim 36 wherein the plurality of

volume sections are lateral volume sections.

45. A method of activating an automatic gain compensation data
system for ultrasound systems comprising:

receiving ultrasound image data corresponding to
consecutive image scans; and

performing a correlation analysis between image data for
each received scan, wherein the correlation analysis returns a
value representative of probe movement, and if a detected change
is greater than a predetermined value, the probe may be

considered moved initiating new gain compensation calculations.

46. The method according to claim 45 wherein the correlation
analyses are correlation, sum of absolute differences D (SAD),
sum of square differences (SSD), sum of cubic differences, and

sum of powered differences DY.

47. A method of activating an automatic gain compensation data
system for ultrasound systems comprising:

receiving ultrasound image data corresponding to
consecutive image scans; and

observing gain variation changes between axial, lateral or
elevation sections, wherein if a dete¢ted change is greater than
a predetermined value, the probe may be considered moved

initiating new gain compensation calculation.

48. A method of activating an automatic gain compensation data
system for ultrasound systems comprising:
receiving ultrasound image data corresponding to

consecutive image scans; and
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detecting motions by correlation, SAD or SSD, SCD or sum of
powered differences wherein if a detected change is greater than
a predetermined value, the probe may be considered moved
initiating new gain compensation calculation to compensate for

new gain changes.

49. A method of activating an automatic gain compensation data
system for ultrasound systems comprising:

detecting motion using a motion sensor attached to an
ultrasound probe, wherein if motion is greater than a
predetermined value, the probe is considered moved, initiating

new gain compensation calculations.

50. The method according to claim 49 wherein the motion sensor
is a velocimeter, accelerometer, gyroscope, motion tracking

device, and a flock of birds position sensor.

51. A method for controlling the gains of TGC amplifiers, and
axial, lateral and elevation variable gain amplifiers of an
ultrasound system while acquiring ultrasound image data
comprising:

receiving axial, lateral and elevation gain compensating
data from an ultrasound image;

receiving ultrasound signals from the ultrasound system;

calculating an overall gain value from the received
ultrasound signals;

calculating TGC, axial, lateral and elevation amplifier
gain data from previous axial, lateral and elevation combination
gain data, and received axial, lateral and elevation gain
compensating data, and the overall gain data; and

distributing the TGC, axial, lateral and elevation

amplifier gain data to the respective amplifiers.
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52. The method according to claim 51 wherein the TGC amplifiers

have fixed and variable gain portions.

53. The method according to claim 51 further comprising
calculating new axial, lateral and elevation combination gain
data from previous axial, lateral and elevation combination gain
data and received axial, lateral and elevation gain compensating

data.

54. The method according to claim 53 further comprising
applying a first weight and a second weight to the new axial,
lateral and elevation combination gain data, wherein the first
weight indicates a TGC amplifier gain component from the new
axial, lateral and elevation combination gain data and the
second weight indicates a respective axial, lateral and

elevation amplifier gain component.

55. The method according to c¢laim 54 further comprising
outputting the axial, lateral and elevation amplifier gain

components as axial, lateral and elevation amplifier gain data.

56. The method according to claim 54 further comprising
delaying the first weighted lateral and elevation new
combination gain data for synchronizing with the TGC amplifier

fixed gain component.
57. The method according to claim 56 further comprising

calculating a mean of the first weighted axial new combination

gain data.
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58. The method according to claim 57 further comprising forming
a first sum from the axial mean and the delayed lateral and

elevation new combination gain data.

59. The method according to claim 58 further comprising forming

a second sum from the first sum and the overall gain value.

60. The method according to claim 59 further comprising

outputting the second sum as fixed TGC amplifier gain data.

61. The method according to claim 60 further comprising
outputting a difference between the first weighted axial new
combination gain data and the axial mean as variable TGC

amplifier gain data.

62. The method according to claim 54 wherein the first weight

is determined a priori.

63. The method according to claim 54 wherein the first weight
is a first axial weight, a first lateral weight and a first

elevation weight.

64. The method according to claim 63 wherein the second weight
is a second axial weight, a second lateral weight and a second

elevation weight.

65. The method according to claim 51 wherein the overall gain
value is calculated using histograms, percentile value, mean,

median and mode.

66. The method according to claim 51 wherein the overall gain

value sets an image brightness.
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67. The method according to claim 54 wherein the sum of the

first weight and second weight is 1.

68. An automatic gain compensation system for deriving gain
compensating data for ultrasound systems having amplifiers
configured to adjust a received signal’s gain while acquiring
ultrasound image data, the system comprising:
an automatic gain processor configured for:
receiving ultrasound image data corresponding to an
image scan;
assembling an image frame from the ultrasound
image data, the image frame having columns and rows of
image data values where columns represent lateral
position and rows represent axial position;
partitioning the image data frame into a plurality of
sections;
calculating a representative signal value for each
section; '
calculating gain variations between adﬁacent
section representative signal values;
calculating a gain variation distribution from the
gain variations between sections;
calculating a gain variation curve from the gain
variation distribution; and
calculating a gain compensating curve from the gain
variation curve, wherein a compensating gain value

corresponds with a position.

69. An automatic gain compensation system for deriving gain

compensating data for ultrasound systems having amplifiers
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configured to adjust a received signal’s gain while acquiring
ultrasound image data, comprising:

an automatic gain processor configured for:

receiving ultrasound image data corresponding to a
plurality of consecutive image scans;

assembling an image volume from the plurality of
image scans, the image volume having three dimensions of
image data values where columns represent lateral
position, rows represent axial position, and frames
represent elevation position;

partitioning the volume into a plurality of wvolume
sections;

calculating a representative signal value for each
volume section;

calculating a gain variation between adjacent
volume section representative signal values;

calculating a gain variation distribution from the
gain variations between volume sections;

calculating a gain variation curve from the gain
variation distribution; and

calculating a gain compensating curve from the gain
variation curve, wherein a compensating gain value

corresponds with a position.

70. A system for activating an automatic gain compensation data
system for ultrasound systems comprising:

means for receiving ultrasound image data corresponding to
consecutive image scans; and

means for performing a correlation analysis between‘image,
data for each received scan, wherein the correlation analysis
returns a.value representative of probe movement, and if a

detected change is greater than a predetermined value, the probe
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may be considered moved initiating new gain compensation

calculations.

71. The system according to claim 70 wherein the correlation
analyses are correlation, sum of absolute differences D (SAD),
sum of square differences (SSD), sum of cubic differences, and

sum of powered differences DY.

72. A system for activating an automatic gain compensation data
system for ultrasound systems comprising:

means for receiving ultrasound image data corresponding to
consecutive image scans; and

means for observing gain variation changes between axial,
lateral or elevation sections, wherein if a detected change is
greater than a predetermined value, the probe may be considered

moved initiating new gain compensation calculation.

73. A system for activating an automatic gain compensation data
system for ultrasound systems comprising:

means for receiving ultrasound image data corresponding to
consecutive image scans; and

means for detecting motions by correlation, SAD or SSD, SCD
or sum of powered differences wherein if a detected change is
greater than a predetermined value, the probe may be considered
moved initiating new gain compensation calculation to compensate

for new gain changes.

74. A system for activating an automatic gain compensation data
system for ultrasound systems comprising:
means for detecting motion using a motion sensor attached

to an ultrasound probe, wherein if motion is greater than a
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predetermined value, the probe is considered moved, initiating.

new gain compensation calculations.

75. The system according to claim 74 wherein the motion sensor
is a velocimeter, accelerometer, gyroscope, motion tracking

device, and a position sensor.

76. A system for controlling the gains of TGC amplifiers, and
axial, lateral and elevation variable gain amplifiers of an
ultrasound system while acquiring ultrasound image data, the
system comprising:
a processor configured for:
receiving axial, lateral and elevation gain
compensating data from an ultrasound image;
receiving ultrasound signals from the ultrasound
system; ‘
calculating an overall gain value from the received
ultrasound signals;
calculating TGC, axial, lateral and elevation
amplifier gain data from previous axial, lateral and
elevation combination gain data, and received axial,
lateral and elevation gain compensating data, and the
overall gain data; and
distributing the TGC, axial, lateral and elevation

amplifier gain data to the respective amplifiers.

77. The system according to claim 76 wherein the TGC amplifiers
have fixed and variable gain portions. N

N\
78. The system according to claim 76 wherein the processor is
further configured for calculating new axial, lateral and

elevation combination gain data from previous axial, lateral and
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elevation combination gain data and received axial, lateral and

elevation gain compensating data.

79. The system according to claim 78 wherein the processor is
further configured for applying a first weight and a second
weight to the new axial, lateral and elevation combination gain
data, wherein the first weight indicates a TGC amplifier gain
component from the new axial, lateral and elevation combination
gain data and the second weight indicates a respective axial,

lateral and elevation amplifier gain- component.

80. The system according to claim 79 wherein the processor is
further configured for outputting the axial, lateral and
elevation amplifier gain components as axial, lateral and

elevation amplifier gain data.

81. The system according to claim 79 wherein the processor is
further configured for delaying the first weighted lateral and
elevation new combination gain data for synchronizing with the

TGC amplifier fixed gain component.

82. The system according to claim 81 wherein the processor is
further configured for calculating a mean of the first weighted

axial new combination gain data.

83. The system according to claim 82 wherein the processor is
further configured for forming a first sum from the axial mean

and the delayed lateral and elevation new combination gain data.

84. The system according to claim 83 wherein the processor is
further configured for forming a second sum from the first sum

and the overall gain value.
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85. The system according to claim 84 wherein the processor is
further configured for outputting the second sum as fixed TGC

amplifier gain data.

86. The system according to claim 85 wherein the processor is
further configured for outputting a difference between the first
weighted axial new combination gain data and the axial mean as

variable TGC amplifier gain data.

87. The system according to claim 79 wherein the first weight

is determined a priori.

88. The system according to claim 79 wherein the first weight
is a first axial weight, a first lateral weight and a first

elevation weight.

89. The system according to claim 88 wherein the second weight
is a second axial weight, a second lateral weight and a second

elevation weight.
90. The system according to claim 76 wherein the overall gain
value is calculated using histograms, percentile value, mean,

median and mode.

91. The system according to claim 76 wherein the overall gain

value sets an image brightness.

92. The system according to claim 79 wherein the sum of the

first weight and second weight is 1.
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