US 20170135672A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0135672 A1

PELISSIER et al.

43) Pub. Date; May 18, 2017

(54)

(71)

(72)

1)
22)

(1)

SYSTEMS AND METHODS FOR
AUTOMATIC TIME GAIN COMPENSATION
IN A HANDHELD ULTRASOUND IMAGING
SYSTEM

Applicant: Clarius Mobile Health Corp., Burnaby
(CA)

Inventors: Laurent PELISSIER, North Vancouver
(CA); Narges AFSHAM, Coquitlam
(CA); Kris DICKIE, Vancouver (CA)

Appl. No.: 14/939,993

Filed: Nov. 12, 2015
Publication Classification

Int. CI.

AG6IB 8/00 (2006.01)

AG6IB 8/14 (2006.01)

A6IB 8/08 (2006.01)

GO1S 7/52 (2006.01)

(52) US.CL
CPC ... AGIB 8/4427 (2013.01); GOIS 7/52095
(2013.01); A61B 8/14 (2013.01); A61B 8/5207

(2013.01); A61B 8/5269 (2013.01)

(57) ABSTRACT

An apparatus and method for automatically calculating and
applying time gain compensation in a handheld or hand-
carried ultrasonic imaging machine. The apparatus include
an autogain unit to calculate the time gain compensation
based on a processed ultrasound image. The image is
divided into regions, and the image intensity is used to mask
regions which satisfy a threshold. Masked regions are used
to calculate a gain curve which is then spatially and tem-
porally smoothed. Means are providing for masking entire
columns of regions to remove areas where the probe is not
in contact. This approach may allow less experienced users
to achieve high quality images without the difficult and
time-consuming task of manually adjusting the time gain
compensation.

ULTRASOUND DATA
ACQUISITION UNIT

(106

102

%gggggggg | AUTOGAIN UNIT
10— ULTRASOUND
CONTROLLER
STORAGE UNIT |« 104—
N—108

12
_\

114‘\ Y

DISPLAY UNIT

USER INTERFACE
UNIT




Patent Application Publication May 18,2017 Sheet 1 of 8 US 2017/0135672 Al

ULTRASOUND DATA
ACQUISITION UNIT

(106 102
ULTRASOUND | | roGAI UNIT
110~ | ULTRASOUND
CONTROLLER
STORAGE UNIT 104—
\—108

114
TN I

USER INTERFACE
DISPLAY UNIT UNIT




Patent Application Publication

LOG
COMPRESSED
IMAGE

May 18,2017 Sheet 2 of 8

US 2017/0135672 Al

202—

204—

206

208

s
|A
L

GAIN ANALYZER

TARGET GENERATOR

SPATIAL SMOOTHER

h

TRANSITION GENERATOR

TARGET
GAIN

CURRENT
CURVE

\j

UPDATED
GAIN CURVE

FIG. 2



Patent Application Publication May 18,2017 Sheet 3 of 8 US 2017/0135672 Al

300 (START)
302 -

) ACQUIRE ULTRASOUND IMAGE DATA }—
304 '

) APPLY GAINS TO SIGNAL

y

306
"N PERFORM IMAGE PROCESSING AND
ENHANGEMENT
308 ‘
CALCULATE OPTIMAL GAIN
310
UPDATE GAIN VALUES
END

FIG. 3



Patent Application Publication May 18,2017 Sheet 4 of 8 US 2017/0135672 Al

" )

402—"1 DIVIDE IMAGE INTO REGIONS

404
) CALCULATE METRIC FOR EACH REGION

y

406
\ REMOVE METRICS FOR REGIONS THAT FAIL
TO SATISFY INCLUSION CRITERIA

408
) COMBINE METRICS TO CREATE GAINDEPTH

CURVE
)
41 0”\
CALCULATE OFFSET GAIN CURVE
¥
41 2\
CALCULATE TARGET GAIN CURVE
¥
41 4"\
SMOOTH TARGET GAIN CURVE
416 '

CALCULATE TRANSITION GAIN CURVE

FIG. 4



Patent Application Publication May 18,2017 Sheet 5 of 8 US 2017/0135672 Al

104{122]121[109]107 32| 37| 36] 34] 33
100{111/103| 91| 96 31| 34] 32 29| 31
49| 65| 65| 61| 68 20| 23| 23] 22| 24
47| 69| 76| 48] 53 19] 24| 26] 19] 21
60| 69| 50| 33| 40 22| 24| 20| 16] 17
21| 19] 20| 32| 42 13| 12] 13] 16] 18
12| 21| 51| 31| 31 11 13] 20] 15] 15
62(120[139|109| 78 23| 36| 41| 34| 26
76| 88| 48| 85]107 26] 29| 19] 28] 33
50| 60| 30| 38| 41 201 22| 15[ 17] 18

FIG. 5C FIG. 5D



Patent Application Publication May 18,2017 Sheet 6 of 8 US 2017/0135672 Al

32| 37| 36| 34| 33 o
31| 34| 32| 20| 31
20| 23| 23| 22| 24 20
19| 24| 26| 19| 21
40+
22| 24| 20| 16| 17
13 12| 13| 18| 18 sl
13| 20| 15| 15
23| 36| 41| 34| 26 80
26| 29| 19| 28| 33
20| 22| 15| 17| 18 100
FIG. 5E FIG. 5F
0 -4

20

40+

60+

80}

100+

FIG. 5G



US 2017/0135672 Al

May 18,2017 Sheet 7 of 8

20
40
60
80

Patent Application Publication
100

FIG. 5J

FIG. 5l



May 18,2017 Sheet 8 of 8 US 2017/0135672 Al

Patent Application Publication

9 Ol

2091 1 091 D91 IVILINI
o9L |, 0oL | 291
oLNY oLNV oLnvy
$S3D0Hd $S300Ud|, $5300dd
180d 180d 180d
SS3ID0Yd SS3ID0HEd S63004d
Id A¥d I¥d
aNIL ¥ ANV aNIL € INVHA ANIL Z ANVYA ANIL | INVYYHS INIL
LIVM|] 3HINDOVY  [LIVM| JHINOOY  |LIVvM|] 39indovy  fLUvm| JHINODOY  {LIVM
ETR N EL




US 2017/0135672 A1l

SYSTEMS AND METHODS FOR
AUTOMATIC TIME GAIN COMPENSATION
IN A HANDHELD ULTRASOUND IMAGING

SYSTEM

FIELD

[0001] This invention relates to ultrasound imaging sys-
tems. Embodiments of the invention relate to ultrasound
imaging systems that automatically adjust time gain com-
pensation.

BACKGROUND

[0002] Ultrasound imaging systems are a powerful tool for
performing real-time, non-invasive imaging procedures in a
wide range of medical applications. In a typical ultrasound
system, a transducer sends out ultrasound signals and
receives their echoes. The echoes are processed to produce
an ultrasound image of the target anatomy.

[0003] The quality of the ultrasound image depends on the
skill and experience of the operator. An important and
challenging part of acquiring high-quality images is adjust-
ing the various imaging parameters.

[0004] Ultrasound waves are attenuated as they propagate
deeper into the material being imaged. This results in darker
pixels as the depth increases. It is desirable that anatomically
identical regions be displayed with the same brightness
regardless of depth. Depth-dependent gain, or time gain
compensation (TGC), is applied to correct images.

[0005] Time gain compensation is further complicated by
the fact that the amount of attenuation depends on fre-
quency: higher frequencies are attenuated more than lower
frequencies.

[0006] Conventional ultrasound systems have large con-
trol interfaces with numerous controls which allow operators
to adjust a wide range of parameters. For example, time-gain
compensation is often adjusted by manually adjusting a
number of mechanical sliders that each adjust the gain for a
particular depth range. Operators typically rely on trial and
error to adjust the gains to produce good images.

[0007] There is an increasing demand for small portable
ultrasound imaging devices that are still capable of acquiring
good quality ultrasound images. Increasing portability and
simplicity often involves or requires reducing the number of
controls to accommodate smaller screens and smaller
devices. Fewer controls and reduced need for manual adjust-
ments also make it easier for new ultrasound operators to
learn how to use such smaller devices.

[0008] There remains a need for methods and apparatus
operable to apply automatic time gain compensation in real
time, particularly on simple and/or handheld ultrasonic
imaging machines.

SUMMARY

Advantages

[0009] Thus several advantages of one or more aspects are
to provide systems and methods for automatically adjusting
time gain compensation for a handheld ultrasound machine
with little or no user intervention. This may make it easier
for less experienced operators to achieve a high quality
image, enabling better and less expensive diagnosis.
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[0010] These and other advantages of one or more aspect
will become apparent from a consideration of the ensuing
description and accompanying drawings.

[0011] The description of the invention which follows,
together with the accompanying drawings should not be
construed as limiting the invention to the examples shown
and described, because those skilled in the art to which this
invention pertains will be able to devise other forms thereof
within the scope of the appended claims.

[0012] Further aspects and example embodiments are
illustrated in the accompanying drawings and/or described
in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings illustrate non-limit-
ing example embodiments of the invention.

[0014] FIG. 1 is a schematic diagram of an ultrasound
imaging system according to an example embodiment.

[0015] FIG. 2 is a block diagram of an example autogain
unit.
[0016] FIG. 3 is a flowchart illustrating an example

method for applying an automatically calculated time gain
compensation curve.

[0017] FIG. 4 is a flowchart illustrating an example
method for automatically calculating a time gain compen-
sation curve.

[0018] FIG. 5Ais an example grayscale ultrasound image.
[0019] FIG. 5B is an example grayscale ultrasound image
divided into analysis regions.

[0020] FIG. 5C is an example matrix of averaged pixel
intensities for each analysis region.

[0021] FIG. 5D is an example matrix of average pixel
intensities for each analysis region transformed into deci-
bels.

[0022] FIG. 5E is an example matrix of average pixel
intensities for each analysis region of the ultrasound image
of FIG. 5A masked with a minimum threshold.

[0023] FIG. 5F is an example gain curve with a desired
gain level.

[0024] FIG. 5G is a graph depicting an example target gain
curve.

[0025] FIG. 5H is an example target gain curve, a qua-

dratic curve fit to the target gain curve, and upper and lower
bounds.

[0026] FIG. 51 is an example transition gain curve.
[0027] FIG. 5] is an example offset grayscale ultrasound
image with an updated gain curve.

[0028] FIG. 6 is a timing diagram of an example embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0029] Throughout the following description, specific
details are set forth in order to provide a more thorough
understanding of the invention. However, the invention may
be practiced without these particulars. In other instances,
well known elements have not been shown or described in
detail to avoid unnecessarily obscuring the invention.
Accordingly, the specification and drawings are to be
regarded in an illustrative, rather than a restrictive sense.

[0030] One aspect of this invention provides a method for
automatically calculating a time gain compensation for an
ultrasound imaging machine. The ultrasound imaging
machine is hand-held in some embodiments. The invention
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may also be embodied in apparatus configured to perform
automatic time gain compensation as described herein.
[0031] FIG. 1 is a schematic diagram of an example
ultrasound imaging system. Ultrasound imaging system 100
comprises an ultrasound data acquisition unit 102 which is
coupled to an ultrasound controller 104. Ultrasound control-
ler 104 provides control signals to ultrasound data acquisi-
tion unit 102 to direct the transmission of ultrasound pulses
and the reception of ultrasound echoes. Signals representing
the ultrasound echoes are sent to an ultrasound processor
106 which processes ultrasound echo data into an ultrasound
image and transmits the ultrasound image to a display umt
112 for display to a user. Ultrasound controller 104 is also
operatively connected to a user interface 104, which allows
the user to change settings and interact with the system.
Ultrasound controller 104 is also operatively connected to a
data store 108 operable to store configurations and settings.
[0032] Ultrasound processor 106 may, for example, com-
prise signal processing circuits (which may include filters,
amplifiers and the like) one or more analog to digital
converters (ADCs), a beamformer and the like. The prin-
ciples behind and a wide variety of suitable constructions for
ultrasound processor 106 are well understood to those of
skill in the art of designing ultrasound machines. Ultrasound
data acquisition unit 102 may include a suitable transducer,
driving circuits echo signal detection circuits etc. Data
acquisition unit 102 includes one or more variable gain
amplifiers that apply time-gain compensation to the ultra-
sound echo signals. The principles behind and a wide variety
of suitable constructions for ultrasound data acquisition unit
102 are well understood to those of skill in the art of
designing ultrasound machines.

[0033] Ultrasound processor 106 is operatively connected
to an automatic time-gain compensation (TGC) unit 110.
TGC unit 110 is connected to receive ultrasound image data
for gain analysis. By analysis of the ultrasound image data,
TGC unit 110 automatically calculates a desirable time-gain
compensation curve. The curve is provided to ultrasound
controller 104 which sets the variable-gain amplifier(s) of
ultrasound data acquisition unit 102 to apply the time-gain
curve to the ultrasound data. The time-gain curve may be
updated in real-time. In some embodiments the time-gain
curve is updated after each ultrasound image is acquired.
[0034] FIG. 2 is a schematic diagram illustrating an auto-
matic TGC unit according to one or more aspects of the
present disclosure. Automatic TGC unit 110 may comprises
several units: a gain analyzer unit 220, a target generator unit
204, a spatial smoother unit 206, and a transition generator
unit 208. In other embodiments, the functions of automatic
TGC unit 110 may be provided by a different arrangement
of subunits. For example, the functions of some or all
subunits may be combined.

[0035] A typical ultrasound image may be represented by
a two-dimensional array comprising multiple lines each
comprising multiple samples. The number of lines is typi-
cally on the order of one hundred. The number of samples
in each line is typically on the order of several hundred. In
this description the array may be arranged such that the lines
form columns of the array and sets of samples from different
lines at the same depth form rows of the array. To produce
a single ultrasound image or ‘frame’, multiple transmit and
receive events may be performed.

[0036] To improve signal to noise ratio, ultrasound lines
are often formed by combining data received at multiple
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transducer elements. Data received from multiple transducer
elements can be combined by using receive beamforming,
such as delay and sum beamforming. Multiple lines can be
produced for each transmit/receive event by using multiple
receive beamformers. Such beamformers may be imple-
mented in ultrasound processor 106 for example.

[0037] Once an entire image frame is acquired, the ultra-
sound data is mapped to a dynamic range suitable for
display. It is typically convenient to represent each point or
pixel of the ultrasound image by a pixel value or ‘greyscale
value’ in the range of 0-255. The gamut of possible pixel
values may include more or fewer than 255 possible values
in different embodiments.

[0038] Mapping may involve, for example, applying log
compression, or a combination of log compression and
linear scaling to raw values output by a beamformer.
[0039] Gain analyzer unit 202 receives an ultrasound
image from ultrasound processor 106 and a target represen-
tative pixel value from data store 108 (the target represen-
tative pixel value may be fixed or user settable). Gain
analyzer 202 processes the ultrasound image data to deter-
mine a measure of how pixel values in the ultrasound image
tend to vary with depth. Based on this measure, gain
analyzer 202 calculates an offset gain curve. The offset gain
curve indicates how gain would need to be increased or
decreased at different depths to make the measure of how
pixel values vary with depth have the desired representative
pixel values at different depths.

[0040] In some embodiments, the offset gain curve is
defined by a number of points. The number of points may be
predetermined. The number of points may be changed, for
example, by selecting a different imaging preset. Each point
corresponds 1o a specified depth. For each point, the offset
gain curve may indicate an amount of change. For example,
if a representative pixel value at a depth corresponding to
one point of the offset curve is lower than the target
representative pixel value then the offset gain curve may
specify an increase in gain for that point. If the representa-
tive pixel value at a depth corresponding to another point of
the offset curve are greater than the target representative
pixel value then the offset gain curve may specify an
increase in gain for that point. If the representative pixel
value at a depth corresponding to still another point of the
offset curve is equal to the target representative pixel value
then the offset gain curve may specify no change in gain for
that point. These amounts of change may be applied to adjust
a time-gain compensation being applied by ultrasound pro-
cessor 106.

[0041] Target generator 204 receives the offset gain curve
from gain analyzer unit 202 and a current time-gain curve
from storage unit 108.

[0042] The offset gain curve and the current time-gain
curve may be defined by the same or different numbers of
points. Interpolation (e.g. linear interpolation) may be
applied, if desired to produce an offset gain curve and/or
current time-gain curve defined by the same number of
points.

[0043] The offset gain curve and the current gain curve are
combined to produce a rough target gain curve. In some
embodiments the offset gain curve (or a multiple of the offset
gain curve which, in some embodiments, is a multiple
obtained by multiplying by a factor greater than zero and
less than one) is added to the current gain curve to yield the
rough target gain curve.
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[0044] Discontinuities in a time-gain curve may result in
visual artifacts in the output image, such as horizontal
banding. Vertical spatial smoothing is applied to the time-
gain curve to reduce abrupt changes that may cause banding.
The degree of smoothing may be adjustable. In the illus-
trated embodiment, spatial smoother unit 206 receives the
rough target gain curve from gain analyzer unit 202. Spatial
smoother unit 206 smooths the rough target gain curve to
produce a target gain curve.

[0045] For example, spatial smoother 206 may operate by
fitting a curve to the points that define the rough target gain
curve. The fit may be, for example a linear fit, a polynomial
fit (e.g. a quadratic fit) or another type of fit. In some
embodiments different types of fit may be selected by
changing imaging presets.

[0046] The representative pixel value at different depths is
determined not only by the current time-gain compensation
curve but also by any structures that may be present in the
volume being imaged. The effect of imaged structures on the
time-gain curve may be reduced by appropriately calculating
the representative values for different depths and also by
taking into account the statistics of the distribution of pixel
values at different depths in fitting the a curve to the points
that define the rough target gain curve.

[0047] In an example embodiment, the fitted curve is
forced to lie between upper and lower bands. These upper
and lower bands may be created based on a statistical metric,
for example, the standard deviation of the pixel values in a
given row. The fitted curve may be forced to be very close
to a point at a depth for which the standard deviation is
small. The fitted curve may be allowed to deviate more from
points at depths for which the standard deviation is larger.
[0048] In another example embodiment, the upper and
lower bands may be created based on a predetermined
clipping offset from the fitted curve. This predetermined
clipping offset may be a constant or may vary with depth. If
the rough target gain curve is within the upper and lower
bands at a given depth, the value of the rough target gain
curve at that depth is used in the target gain curve. If the
rough target gain curve is below the lower threshold or
above the upper threshold, then the appropriate lower or
upper threshold value is used at that depth for the target gain
curve. The offset may vary for example from 0-20 dB. With
a clipping offset of 0, the target gain curve is the curve fit to
the rough target gain curve.

[0049] Temporal transition generator unit 208 receives the
target time-gain curve from spatial smoother unit 206 and
generates a transition time-gain curve to smoothly transition
over time from the current time-gain curve to the target gain
curve. The transition gain curve may be stored in memory
and loaded into an analog gain unit of ultrasound data
acquisition unit 102 and/or ultrasound processor 106 to
apply gain for the acquisition of the ultrasound echo data for
the next frame.

[0050] Temporal transition generator unit 208 may use a
weighting factor to determine how quickly to transition from
the current time-gain curve to the desired target gain curve.
This weighting factor may be chosen to trade off the
responsiveness of the gain change against the possibility that
too-rapid changes in the time-gain curve may cause unde-
sirable visual artifacts.

[0051] The weighting factor may be a predetermined
constant chosen through testing. Alternatively, the weighting
factor may be variable. For example, the weighting factor
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may be responsive to a measure of motion of a probe that
carries the ultrasound transducer. If the probe is moving
rapidly then the weighting factor may be set such that the
time-gain curve is allowed to change more rapidly. On the
other hand, if the probe is not moving or is moving only
slowly then the weighting factor may be set such that the
time-gain curve is forced to change gradually. For example,
a weighting factor of 60% has been experimentally deter-
mined to provide a good trade-off between responsiveness
and jitter.

[0052] Temporal transition generator unit 208 may be
configured to not make small unnecessary changes in the
time-gain curve. If the differences between the transition
time-gain curve and the current time-gain curve are within
a deadband, the analog gain unit may continue to use the
current time-gain curve. A typical value for the deadband
may be 1 dB. The deadband may, for example, be in the
range of 0.5 dB to 3 dB.

[0053] In one example embodiment, transition generator
unit 208 comprises a infinite impulse response (IIR) filter.
[0054] The time-gain curve is applied in ultrasound data
acquisition unit 102. The time-gain curve may be stored in
amemory. Additional TCG hardware may comprise a digital
to analog converter (DAC), a filtering unit, an operational
amplifier, and individual amplifiers for each receive channel.
Digital values from the memory representing the gains to
use at different times are input into the DAC. The analog
output from the DAC is applied to gain-control inputs of the
individual amplifiers. After an ultrasound pulse is transmit-
ted, the TGC controller loads the next TGC value from
memory at the appropriate time so that echo signals received
during that interval have the correct gain applied.

Operation

[0055] FIG. 3 illustrates an example method 300 for
automatically calculating and applying time-gain compen-
sation in real-time.

[0056] In operation 302, ultrasound image data is
acquired. Operation 302 involves transmitting ultrasound
energy via an ultrasonic transducer and receiving reflected
ultrasound energy as ultrasound echoes. The ultrasound
echoes are detected at the transducer which outputs corre-
sponding ultrasound echo signals.

[0057] In operation 304, the ultrasound echo signals are
amplified. The amplification includes applying time-gain
compensation according to a current time gain curve. In
general, the time-gain compensation causes the amplifica-
tion to increase with time after transmission of ultrasound
energy such that later-received ultrasound echo signals (cor-
responding to ultrasound that has passed through longer
distances in the subject) are amplified more than earlier-
received ultrasound echo signals.

[0058] In operation 306, the ultrasound data is processed
and formed into an ultrasound image. Operation 306 may,
for example, comprise receive beamforming.

[0059] In operation 308, an autogain algorithm is applied
to the ultrasound image to calculate a new TGC gain curve.
The autogain algorithm may operate generally as described
above, for example.

[0060] In operation 310, the new TGC gain is written into
memory for the next acquisition cycle.

[0061] FIG. 4 illustrates an example automatic TGC algo-
rithm 400 according to one or more embodiments of the
present disclosure.
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[0062] In operation 402, a grayscale ultrasound image is
divided into a number of regions. In some embodiments the
regions each comprise a rectangular area of the image. In
some embodiments, each row and each column of the array
that makes up the image passes through a plurality of the
regions. In some embodiments each column (line) of the
image passes through three or more of the regions.

[0063] There may be a fixed number of regions or the
number of regions may be varied depending on imaging
depth. For example, the regions may each represent a fixed
size that scales with imaging depth.

[0064] In operation 404, one or more statistical metrics are
calculated for the pixels in each region. The statistical
metrics may include a representative value for pixels in the
region. The representative value may, for example, comprise
an average value, a mean value, or a median value for the
pixel values of pixels within the region. In some embodi-
ments extreme pixel values within the region are not
included in determining the representative value. For
example, a number of the highest and/or lowest pixel values
may be excluded from the calculation of the representative
value.

[0065] The statistical metrics may also include a measure
of the range of different pixel values within the region. For
example, a standard deviation of the pixel values may be
determined. In one example embodiment, the average and
standard deviation of pixel values is calculated for each
region.

[0066] In operation 406, the grayscale ultrasound image is
masked based on one or more of the statistical metrics.
Masking involves excluding zero or more regions based on
criteria relating the statistical metrics. In one example
embodiment, any regions whose representative value (e.g.
average pixel value) is greater than a masking threshold are
masked. The masking threshold may be predetermined
based on testing, or may vary depending on an imaging
preset.

[0067] Masked regions may be said to satisfy an inclusion
condition. The inclusion condition in some embodiments
may be expressed as: a representative pixel value for a
region (which increases with increasing echo strength) is at
least equal to a defined threshold.

[0068] Non-masked regions are excluded from the calcu-
lations. In some embodiments regions for which the statis-
tical metric is between upper and lower thresholds are
masked while regions for which the statistical metric is
outside the range defined between the thresholds may be
excluded from the calculations. In some embodiments the
threshold(s) are set to exclude regions having very weak or
no ultrasound echoes. In some embodiments the thresholds
are also set to exclude regions having anomalously strong
ultrasound echoes.

[0069] In operation 408, statistical metrics for masked
regions are used to calculate an image intensity curve. In one
embodiment, a point of the image intensity curve is calcu-
lated for each row of regions by averaging the average pixel
values for all masked regions in the row. Additional metrics
may be calculated for each row, such as the standard
deviation of pixel values.

[0070] In operation 410, an offset gain curve is calculated.
This may be done by subtracting the target representative
pixel value from the image intensity curve. The target
representative pixel value may be a predetermined constant.
The target representative pixel value may be selected
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through testing. Alternatively, the target representative pixel
value may be selectable or adjustable by the user.

[0071] In operation 412, the offset time-gain curve is
combined with the current time-gain curve to yield a cor-
rected time-gain curve. This may be done, for example, by
adding all or a fraction of the offset time-gain curve to the
current time-gain curve.

[0072] In operation 414, the corrected gain curve is
smoothed. Various smoothing techniques may be used such
as a linear curve fit or a polynomial fit. In one embodiment,
a quadratic polynomial fit is used to smooth the corrected
time-gain curve.

[0073] In operation 416, the smoothed time-gain curve is
temporally smoothed to ease the transition. In one embodi-
ment an infinite impulse response filter (IIR) is used to
transition to the new gain curve

[0074] In any of the above embodiments it can be conve-
nient to define a reference level and to represent pixel values
relative to the reference level. In some embodiments pixel
values are represented in decibels (dB) relative to the
reference level.

[0075] FIGS. 5A-5] illustrate various steps of example
method 400 of the present disclosure.

[0076] FIG. 5Ais an example grayscale ultrasound image.
The ultrasound image has been log-compressed so that each
pixel is represented by a value between 0 and 255. The
image may or may not have had image enhancement
applied.

[0077] FIG. 5B depicts the grayscale ultrasound image of
FIG. 5A that has been divided into a number of rectangular
regions. In this example, the image has been divided into 5
columns and 10 rows of regions. The number of columns
and rows of regions may be different in different embodi-
ments. In some embodiments the number of rows and/or
columns is adjusted adaptively based on settings for ultra-
sound acquisition unit 102. For example the number of rows
of regions may increase as the depth of ultrasound imaging
is increased and/or as the frequency of ultrasound energy
transmitted is increased.

[0078] FIG. 5C is an example matrix of the average pixel
values of each region

[0079] FIG. 5D is an example matrix of the average pixel
value of each region transformed into decibels. This trans-
formation is dependent on the dynamic range of the pixel
values and the noise floor. In the example embodiment the
transformation involved the computation:

Gain (dB)=Pixel Intensity/255*Dynamic Range
(dB)+Noise Floer (dB).

[0080] In this example, the noise floor was 8 dB and
dynamic range was 60 dB. The deadband was defined by a
threshold of 3 dB. A target gain of 24 dB was desired. The
applied gain varied linearly from 15 dB to 33 dB.

[0081] FIG. S5E depicts an example matrix where the
average pixel intensities are masked based on a minimum
threshold. In this case, the threshold is 11 dB, which
removes a region from the leftmost column.

[0082] FIG. 5F depicts an example of the averaged row
intensities, the target gain, and the applied gain. In this
example, the horizontal axis represents gain in decibels
while the vertical axis represents depth in millimeters. The
average of each row intensity is represented by an open
circle and connected with a thick line for clarity. The gain
applied to generate the current image is shown as a thin solid
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line. The target gain is shown as a dashed line. In the
example, the target gain is 24 dB.

[0083] FIG. 5G depicts an example corrected time-gain
curve illustrated by open diamonds connected by a thick
solid line. This curve is an example of the type of curve
produced by operations 410 and 412 described above.
[0084] FIG. 5H is an example of a corrected target time-
gain curve, a quadratic curve fit, a lower and upper boundary
curves, and a smoothed target time-gain curve. The qua-
dratic curve, shown as a dashed line, is fit to the corrected
time-gain curve shown in FIG. 5G. The upper and lower
bounds, shown as dash-dot lines, are generated by applying
a clipping offset to the quadratic fit. The smoothed target
time-gain curve, shown as a thick line, is produced by
restricting the corrected time-gain curve to fall between the
boundaries.

[0085] FIG. 51 depicts an example of a smoothed gain
curve, a current gain curve, and a transition time-gain curve.
The smoothed gain curve, shown as a dotted line, is com-
bined with the current gain curve, shown as series of squares
connected by thin line, to produce the transition gain curve,
shown as a thick line.

[0086] FIG. 57 depicts an example ultrasound image with
an updated time-gain curve applied.

[0087] FIG. 6 is an example timing diagram according to
one or more embodiments of the present disclosure. When
the system is first initialized, an initial predetermined TGC
curve stored in memory or in a script is selected based on the
imaging preset and loaded into ultrasound acquisition unit
102. A first frame is acquired using the initial TGC curve.
Once the initial pre-processing produces a log-compressed
image, the AutoTGC unit and the post-processing umt
operate in parallel. The updated time-gain curve from the
first frame is stored in memory and loaded into the receiver
before the third frame is acquired.

[0088] The second frame is also acquired using the initial
TGC curve while the first frame is being processed. The gain
calculation for the second frame includes the result from the
first gain analysis.

[0089] In other embodiments, the automatic TGC unit
may not analyze every frame. For example, gain may be
analyzed every Nth frame where N is a suitable integer (e.g.
if N=10 every 107 frame). This analysis frequency may be
a predetermined constant or may be variable. In the case of
a predetermined constant, the analysis frequency may be
selected and defined with a particular imaging preset. Alter-
natively, the analysis frequency may be variable. The analy-
sis frequency may be adjustable by the user in real-time or
as a setting. The analysis frequency may be adjusted to find
a balance between performance and power saving, The
analysis frequency could also be adjusted automatically. For
example, the analysis frequency may be increased in cases
where probe motion is detected or large changes in the
image are detected. This may increase performance by more
quickly adapting to different imaging situations that result
when the probe is move to a new location, for example. This
may also allow for conserving power when minimal changes
are detected and it is not necessary to change the gain as
frequently.

Fxample Operation

[0090] The following describes an example of how the
system may be used.
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[0091] An operator turns on apparatus as described herein
and selects an imaging preset suitable for an ultrasound
examination to be conducted. The imaging preset is associ-
ated with a number of parameters that are loaded into the
device memory. These parameters may include noise floor,
dynamic range, an initial gain curve, a desired gain level,
vertical and horizontal region number, dead zone threshold,
transition speed and others. The initial gain curve is loaded
into memory.

[0092] When the operator starts imaging, the ultrasound
controller sends the initial gain curve to the analog front end
to apply the correct gain at the appropriate time in the
receive cycle. This initial data is then processed in a way
familiar to those with ordinary skill in the art into a log-
compressed image.

[0093] The autogain unit receives the log-compressed
image and calculates the appropriate update gain as a
function of time based on the image, the desired gain level,
the initial gain curve and the parameters associated with the
current imaging preset. If the updated time-gain differs from
the current time-gain by more than the dead zone threshold,
the updated time-gain curve is supplied to the analog front
end where the updated time-gain curve is used for a subse-
quent acquisition receive cycle. Otherwise, the previous
time-gain curve is reused.

[0094] When a large change in gain settings are required,
for example, when the operator first places the probe in
contact with the patient, the gain will quickly and smoothly
be transitioned over several acquisition cycles depending on
the transition speed without requiring intervention from the
operator.

[0095] In an embodiment with variable transition speed,
the transition speed may be increased when a large change
in probe orientation or position is detected to quickly
transition to a more appropriate gain curve. The transition
speed may be decreased once probe movement is stabilized
in order to reduce stabilize the image and reduce flickering
and unnecessary changes. Probe orientation or changes in
probe position may be detected using appropriate sensors
(e.g. accelerometers or electromagnetic or optical or acous-
tic position sensors) and/or by performing analysis of
received ultrasound images.

[0096] While the above description contains many details
of example embodiments, these should not be construed as
essential limitations on the scope of any embodiment. Many
other ramifications and variations are possible within the
teachings of the various embodiments.

INTERPRETATION OF TERMS

[0097] Unless the context clearly requires otherwise,
throughout the description and the

[0098] “‘comprise”, “‘comprising”, and the like are to be
construed in an inclusive sense, as opposed to an
exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to”;

[0099] “connected”, “coupled”, or any variant thereof,
means any connection or coupling, either direct or
indirect, between two or more elements; the coupling
or connection between the elements can be physical,
logical, or a combination thereof;

[0100] “herein”, “above”, “below”, and words of simi-
lar import, when used to describe this specification,
shall refer to this specification as a whole, and not to
any particular portions of this specification;
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[0101] “or”, in reference to a list of two or more items,
covers all of the following interpretations of the word:
any of the items in the list, all of the items in the list,
and any combination of the items in the list;

[0102] the singular forms “a”, “an”, and “the” also
include the meaning of any appropriate plural forms.

[0103] Words that indicate directions such as “vertical”,
“transverse”, “horizontal”, “upward”, “downward”, “for-
ward”, “backward”, “inward”, “outward”, “vertical”, “trans-
verse”, “left”, “right”, “front”, “back”, “top”, “bottom”,
“below”, “above”, “under”, and the like, used in this
description and any accompanying claims (where present),
depend on the specific orientation of the apparatus described
and illustrated. The subject matter described herein may
assume various alternative orientations. Accordingly, these
directional terms are not strictly defined and should not be
interpreted narrowly.

[0104] Embodiments of the invention may be imple-
mented using specifically designed hardware, configurable
hardware, programmable data processors configured by the
provision of software (which may optionally comprise
“firmware”) capable of executing on the data processors,
special purpose computers or data processors that are spe-
cifically programmed, configured, or constructed to perform
one or more steps in a method as explained in detail herein
and/or combinations of two or more of these. Examples of
specifically designed hardware are: logic circuits, applica-
tion-specific integrated circuits (“ASICs”), large scale inte-
grated circuits (“LSIs”), very large scale integrated circuits
(“VLSIs”), and the like. Examples of configurable hardware
are: one or more programmable logic devices such as
programmable array logic (“PALs”), programmable logic
arrays (“PLAs”), and field programmable gate arrays (“FP-
GAs”)). Examples of programmable data processors are:
microprocessors, digital signal processors (“DSPs”), embed-
ded processors, graphics processors, math co-processors,
general purpose computers, server computers, cloud com-
puters, mainframe computers, computer workstations, and
the like. For example, one or more data processors in a
control circuit for a device may implement methods as
described herein by executing software instructions in a
program memory accessible to the processors.

[0105] While processes or blocks are presented in a given
order, alternative examples may perform routines having
steps, or employ systems having blocks, in a different order,
and some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide
alternative or subcombinations. Fach of these processes or
blocks may be implemented in a variety of different ways.
Also, while processes or blocks are at times shown as being
performed in series, these processes or blocks may instead
be performed in parallel, or may be performed at different
times.

[0106] In addition, while elements are at times shown as
being performed sequentially, they may instead be per-
formed simultaneously or in different sequences. It is there-
fore intended that the following claims are interpreted to
include all such variations as are within their intended scope.
[0107] Certain aspects of the invention may also be pro-
vided in the form of a program product. The program
product may comprise any non-transitory medium which
carries a set of computer-readable instructions which, when
executed by a data processor, cause the data processor to
execute a method of the invention. Program products
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according to the invention may be in any of a wide variety
of forms. The program product may comprise, for example,
non-transitory media such as magnetic data storage media
including floppy diskettes, hard disk drives, optical data
storage media including CD ROMs, DVDs, electronic data
storage media including ROMs, flash RAM, EPROMs,
hardwired or preprogrammed chips (e.g., EEPROM semi-
conductor chips), nanotechnology memory, or the like. The
computer-readable signals on the program product may
optionally be compressed or encrypted.

[0108] In some embodiments, some aspects of the inven-
tion may be implemented in software. For greater clarity,
“software” includes any instructions executed on a proces-
sor, and may include (but is not limited to) firmware,
resident software, microcode, and the like. Both processing
hardware and software may be centralized or distributed (or
a combination thereof), in whole or in part, as known to
those skilled in the art. For example, software and other
modules may be accessible via local memory, via a network,
via a browser or other application in a distributed computing
context, or via other means suitable for the purposes
described above.

[0109] Where a component (e.g. a software module, pro-
cessor, assembly, device, circuit, etc.) is referred to above,
unless otherwise indicated, reference to that component
(including a reference to a “means”) should be interpreted as
including as equivalents of that component any component
which performs the function of the described component
(i.e., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed struc-
ture which performs the function in the illustrated exemplary
embodiments of the invention.

[0110] Specific examples of systems, methods and appa-
ratus have been described herein for purposes of illustration.
These are only examples. The technology provided herein
can be applied to systems other than the example systems
described above. Many alterations, modifications, additions,
omissions, and permutations are possible within the practice
of this invention. This invention includes variations on
described embodiments that would be apparent to the skilled
addressee, including variations obtained by: replacing fea-
tures, elements and/or acts with equivalent features, ele-
ments and/or acts; mixing and matching of features, ele-
ments and/or acts from different embodiments; combining
features, elements and/or acts from embodiments as
described herein with features, elements and/or acts of other
technology; and/or omitting combining features, elements
and/or acts from described embodiments.

[0111] It is therefore intended that the following appended
claims and claims hereafter introduced are interpreted to
include all such modifications, permutations, additions,
omissions, and sub-combinations as may reasonably be
inferred. The scope of the claims should not be limited by
the preferred embodiments set forth in the examples, but
should be given the broadest interpretation consistent with
the description as a whole.

What is claimed is:
1. An ultrasound imaging method comprising:

acquiring ultrasound data by transmitting ultrasound sig-
nals and receiving ultrasound echo signals and ampli-
fying the ultrasound echo signals according to gains
that vary with echo delay times according to a current
time-gain curve;
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processing the ultrasound data to yield an ultrasound
image comptising a plurality of rows and columns, the
rows of the ultrasound image associated with corre-
sponding echo delay times;
determining a time-gain compensation curve by:
determining a representative pixel value for each of a
plurality of regions of the ultrasound image, the regions
arranged in a plurality of rows each of the plurality of
rows of regions comprising a plurality of the regions,
wherein a plurality of rows of the ultrasound image
each extend through the plurality of regions of a
different one of the rows of regions;
for each of the plurality of rows of regions combining
those of the representative values which satisfy an
inclusion condition into a combined representative
value associated with a corresponding echo delay time;

for the combined representative values determining cor-
responding gain offset amounts by which the gains of
the time-gain curve differ from desired gains for the
corresponding echo delay times;

based on the gain offset amounts adjusting the time-gain

curve to more nearly provide the desired gains for the
corresponding echo delay times.

2. A method according to claim 1 wherein the represen-
tative values comprise average pixel values.

3. A method according to claim 1 wherein the inclusion
condition comprises the representative value exceeding a
threshold.

4. A method according to claim 1 wherein adjusting the
time-gain curve comprises combining the offset values with
the time-gain curve to yield a target time gain curve.

5. A method according to claim 4 comprising spatially
smoothing the target time gain curve.

6. A method according to claim 5 wherein spatially
smoothing the target time-gain curve comprises fitting a
function to the target time gain curve.

7. A method according to claim 6 wherein the function is
a linear or polynomial function.

8. A method according to claim 6 comprising determining
measures of the distributions of different pixel values within
some or all of the regions and fitting the function is based on
the measures of the distributions.

9. A method according to claim 8 wherein the measures of
the distributions comprise standard deviation.

10. A method according to claim 9 repeated for a plurality
of temporally spaced-apart frames, the method comprising
temporally smoothing changes in the time-gain curve.

11. A method according to claim 10, wherein temporally
smoothing comprises processing gain values by a temporal
filter.

12. A method according to claim 11 wherein the temporal
filter comprises an infinite impulse response filter.

13. A method according to claim 11 wherein transmitting
ultrasound signals and receiving ultrasound echo signals is
performed using a probe and the method comprises moni-
toring motions of the probe and adjusting the temporal filter
based on the motions of the probe.

14. A method according to claim 13 comprising control-
ling the temporal filter to have a higher time constant when
the probe is moving less and controlling the temporal filter
to have a lower time constant when the probe is moving
more.
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15. A method according to claim 1 wherein the regions are
arranged to provide at least four rows with at least three
regions in the four rows.

16. A method according to claim 15 comprising automati-
cally changing a number of rows of the regions based on a
setting of an ultrasound depth control.

17. A method according to claim 1 wherein each of the
regions has a height of 2 or more rows of the ultrasound
image and a width of at least 2 columns of the ultrasound
image.

18. A method according to claim 1 comprising if all of the
gain offset amounts are within a deadzone, suppressing
adjusting the time-gain curve.

19. A method according to claim 1 comprising repeating
acquiring ultrasound data to obtain a sequence of ultrasound
frames, wherein one or more of the sequence of ultrasound
frames is acquired between obtaining the ultrasound image
data and adjusting the time-gain curve.

20. A method according to claim 1 wherein determining
the gain offset amounts comprises comparing the combined
representative values to a target representative value.

21. An ultrasound imaging system comprising:

an ultrasound data acquisition unit comprising an ultra-
sound transducer, an ultrasound transmitter connected
to drive the transducer to emit ultrasound signals;

and an ultrasound receiver connected to detect echo
signals picked up by the ultrasound transducer;

a plurality of variable gain amplifiers connected to
amplify the echo signals according to a variable time-
gain curve;

a beamformer connected to process the amplified echo
signals to yield an ultrasound image, the ultrasound
image comprising a plurality of rows and columns, the
rows of the ultrasound image associated with corre-
sponding echo delay times; and,

a processor configured by software instructions in a
memory operatively coupled to the processor to per-
form an autogain routine, the autogain routine opera-
tive to process the ultrasound image to yield corrections
to the time-gain curve and to apply the corrections to
the time-gain curve wherein the autogain routine com-
prises:

determining a representative pixel value for each of a
plurality of regions of the ultrasound image, the regions
arranged in a plurality of rows each of the plurality of
rows of regions comprising a plurality of the regions,
wherein a plurality of rows of the ultrasound image
each extend through the plurality of regions of a
different one of the rows of regions;

for each of the plurality of rows of regions combining
those of the representative values which satisfy an
inclusion condition into a combined representative
value associated with a corresponding echo delay time;

for the combined representative values determining cor-
responding gain offset amounts by which the gains of
the time-gain curve differ from desired gains for the
corresponding echo delay times; and

based on the gain offset amounts adjusting the time-gain
curve to more nearly provide the desired gains for the
corresponding echo delay times.

22. A method for producing a time gain compensation

curve based on a grey-scale ultrasound image, the method
comprising:
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dividing the grey-scale image into a plurality of regions
arranged in a plurality of rows;
calculating a mean pixel intensity for pixels within each
of the regions;
masking those of the regions for which the mean pixel
intensity is less than a threshold,
calculating a mean of unmasked regions for each of the
plurality of rows of regions to form a gain curve
subtracting a desired gain from the gain curve to yield an
offset gain curve
combining the offset gain curve with a current gain curve
to yield an updated gain curve;
smoothing the updated gain curve; and
applying a temporal filter to the smoothed updated gain
curve.
23. The method of claim 22, wherein the curve smoothing
applied in step g, is selected from the group consisting of
linear and quadratic.
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