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(57) ABSTRACT

A method of determining a status of ultrasound coupling
medium for performing an ultrasound scan for providing an
ultrasound image including plural scanlines (N,) is dis-
closed. In an embodiment, the method includes operating an
ultrasound device to capture an image frame including plural
scanlines (N,), each scanline having an associated sample set
(s) of intensity values; processing a subset of the associated
sample set (s) of values for each scanline to determine a first
summation for each scanline; processing plural sets of
corresponding intensity values from each of plural scanlines
located within a range of a respective scanline to determine
a set of difference values for each respective scanline;
processing each set of difference values to determine a
second summation for each scanline; and generating a status
for the ultrasound coupling medium according to a relation-
ship between each of the first summations and each of the
associated second summations.
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FIGURE 1
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Image from Sigviewer Tx 101885 (single pisce), bladder, pari gel 300

FIGURE 3
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image from Raw Data Tx 101985 (single piece), bladder, part gel
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ULTRASOUND COUPLING MEDIUM
DETECTION

TECHNICAL FIELD

[0001] The present invention relates to ultrasound imaging
involving a coupling medium, such as an ultrasound gel. In
a typical application, embodiments of the present invention
may be used to indicate whether an ultrasound image is
affected by, or at least likely to have been affected by, the
absence of a sufficient amount of the coupling medium
during an ultrasound imaging procedure.

BACKGROUND

[0002] Medical diagnostic ultrasound images are formed
by generating a high-frequency sound pulse using a trans-
ducer, delivering this pulse into the area of interest in the
body, receiving the sound echoes from structures within the
body, and using information from the echoes to generate an
ultrasound image.

[0003] Ultrasound imaging involves a transducer that is
placed in contact with a patient’s skin. An amount of an
acoustic coupling medium, such as a conductive gel, is
dispensed on the surface of the transducer and onto the
patient’s skin. The coupling medium couples the transducer
with the skin, to assist with transmission of the ultrasonic
waves into the body. Ideally the coupling medium provides
an acoustic impedance which is part way between that of the
transducer and the human body. One commonly used cou-
pling medium is Parker Labs Aquasonic100 transmission
gel.

[0004] During an ultrasound imaging procedure, insuffi-
cient gel, or even a lack of a consistent and desired thickness
of the gel, can lead to a reduction in the quality of images
produced by the device, and accordingly in measurement
values derived from the image.

[0005] If during an ultrasound imaging procedure, no
coupling medium were used and the skin was “dry”, then a
thin air-gap could, and likely would, exist between the
transducer and the skin. In such a case, the resultant large
impedance mismatch between the transducer and the air
would cause most of the sound energy to be reflected back
from the air interface, instead of being transmitted into the
medium to be imaged, thus providing a very poor quality
and unreliable image. Even in circumstances where a small
but insufficient amount of gel was present, whilst an image
might be generated, the image quality would again be of
poor quality and likely still not permit reliable identification
of anatomical features.

[0006] In addition to the above, in motor-based ultrasound
transducers, “reverberations” may be present due to reflec-
tions between the transducer elements and an internal cou-
pling medium (such as an oil). Normally these reverbera-
tions only affect very shallow regions. However, they may
become prominent in regions with insufficient gel for the
same lack-of-coupling reasons described above.

[0007] It would be desirable to provide a system and
method for indicating, during an ultrasound imaging proce-
dure, whether sufficient gel is present before or during
imaging, to determine whether an ultrasound image can be
considered reliable, or whether additional gel is required.
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SUMMARY

[0008] Aspects of the inventions disclosed herein include
a system and method in accordance with an embodiment of
the invention for determining whether sufficient coupling
medium is present before or during capture of a desired
ultrasound image, determining whether a desired ultrasound
image is sufficiently reliable based on a determined presence
or lack of sufficient coupling medium, determining whether
a depth of image being captured is acceptable or not, or
corresponds or likely corresponds to the presence or absence
of an air gap, and/or providing one or more forms of
feedback to a user to indicate whether sufficient coupling
medium has been detected, whether the addition of further
coupling medium is recommended or required, whether an
absence of sufficient coupling medium is suspected or is to
be verified, information related to the depth of image being
captured and/or whether an ultrasound session is or is not
recommended to proceed or continue based, for example, on
the detected or determined or suspected presence or absence
of sufficient coupling medium, or on the depth of image
being detected. Feedback to the user may take the form of
audible and/or visual indications or alarms, and/or control
features that interfere with or cease the user’s ability to
continue to capture ultrasound images without first address-
ing a detected or determined or suspected absence of suffi-
cient coupling medium to increase the likelihood of the
ultrasound images being captured being sufficiently reliable.
[0009] For example, according to a first aspect of the
disclosure, there is provided a method of determining a
status of ultrasound coupling medium for performing an
ultrasound scan, the ultrasound scan for providing an ultra-
sound image including plural scanlines, the method includ-
ing:

[0010] operating an ultrasound device to capture an image
frame including plural scanlines, each scanline having an
associated set of intensity values;

[0011] processing a subset of the associated set of values
for each scanline to determine a first summation for each
scanline;

[0012] processing plural sets of corresponding intensity
values from each of plural scanlines located within a range
of a respective scanline to determine a set of difference
values for each respective scanline;

[0013] processing each set of difference values to deter-
mine a second summation for each scanline; and

[0014] generating a status for the ultrasound coupling
medium according to a relationship between each of the first
summations and each of the associated second summations.
[0015] In embodiments, the status indicates whether an
image has been, or is at least likely to have been, affected by
the presence or lack of sufficient coupling medium.

[0016] In an embodiment, processing a subset of values
includes processing a subset of values associated with a
shallow depth of an image frame of the ultrasound image. In
this respect, throughout this specification, references to the
terms “shallow depth” are to be understood to denote a
reference to a region of the image frame in which rever-
berations caused by insufficient gel are most likely to be
present in the event that the ultrasound coupling medium
(that 1s, the gel) is not present or is present in an insufficient
amount. In this respect, in relation to a motor based ultra-
sound system, the nature of a motor based system is such
that reverberations from insufficient gel are typically stron-
gest at shallow regions and reduce with depth. It will be
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understood that the actual depth range depends on the
characteristics of the system, for example, operating fre-
quency, spacing between transducer elements and a lens,
lens thickness and the like.

[0017] In some embodiments, a shallow depth range is
selected which, for a given system, is most likely to include
a concentration of reverberations due to gel presence/ab-
sence, and which would also include a speckle pattern from
tissue when there is sufficient gel. For some embodiments,
a “shallow depth” range of between about 0.5 to 1.0 cm from
the start of the ultrasound image is selected. In this respect
the terms “start of the ultrasound image” denotes a reference
to a first (that is, the initial) sample in the set of intensity
values for each scanline.

[0018] In some embodiments, processing plural sets of
corresponding intensity values from each of the plural
scanlines located within a range of a respective scanline to
determine a set of difference values for each respective
scanline involves the processing plural sets of corresponding
intensity values over a second depth (herein referred to as a
“speckle detect depth™). In some embodiments, the speckle
depth may overlap with and extend beyond the shallow
depth. However, care needs to be taken to ensure that that the
“speckle detect depth” does not extend into a region (such as
a large bladder) in which speckle is not present to avoid
falsely indicating region as having insuflicient gel.

[0019] Insome embodiments, a region extending from the
start of the ultrasound image to the start of the shallow depth
is excluded from the determination of the first and second
summations as very shallow regions may inherently include
an amount of reverberation all the time regardless of
whether gel is present or not. For example, in some embodi-
ments, a region extending from 0 mm to 0.5 cm is excluded.
Nevertheless, a method which uses the very start of the
image may still be made to produce an acceptable result.

[0020] In an embodiment, processing a subset of values
includes:
[0021] for each scanline 1, summing intensity values

between a first sample number and a second sample number;
[0022] generating a vector including each of the summed
intensity values; and

[0023] applying a low pass filter to the generated vector to
form a vector of first summations, wherein each of the first
summations is associated with a respective scanline.
[0024] Each of the plural sets of corresponding intensity
values preferably includes a set of difference values of a
respective sample number for a set of scanlines located
within a predefined range of the respective scanline.
[0025] In one embodiment, the set of difference values
includes a set of variance values, wherein each variance
value in a set of variance values is calculated for a respective
one of the plural sets. In such an embodiment the second
summation value for a scanline may be determined as the
sum of the set of variance values for the scanline.

[0026] In another embodiment, the set of difference values
includes a set of standard deviation values, wherein each
standard deviation value in a set of standard deviation values
is calculated for a respective one of the plural sets. In such
an embodiment the second summation value for a scanline
may be determined as the sum of the set of standard
deviation values for the scanline.

[0027] The relationship between each of the first summa-
tions and each of the associated second summations for a
respective scanline may be expressed as a ratio. For

Oct. 19, 2017

example, in some embodiments ratio is expressed as the
ratio of the first summation to the second summation.
[0028] Preferably, a status is generated as an insufficient
ultrasound coupling medium status when the ratio exceeds a
predetermined threshold.

[0029] According to a second aspect of the disclosure,
there is provided an apparatus of determining a status of
ultrasound coupling medium for performing an ultrasound
scan, the ultrasound scan for providing an ultrasound image
including plural scanlines, the method including:

[0030] an ultrasound device for capturing an image frame
including plural scanlines, each scanline having an associ-
ated set of intensity values;

[0031] a memory storing a set of computer program
instructions;
[0032] one or more processors programmed with the set of

computer instructions for execution to cause the one or more
processors to:

[0033] process a subset of the associated set of values
for each scanline to determine a first summation for
each scanline;

[0034] process plural sets of corresponding intensity
values from each of plural scanlines located within a
range of a respective scanline to determine a set of
difference values for each respective scanline;

[0035] process each set of difference values to deter-
mine a second summation for each scanline; and

[0036] generating a status for the ultrasound coupling
medium according to a relationship between each of the
first summations and each of the associated second
summations.

[0037] Another aspect of the inventions disclosed herein
includes a method of determining a status of ultrasound
coupling medium for performing an ultrasound scan, the
ultrasound scan for providing an ultrasound image including
plural scanlines (Ni), the method including:

[0038] processing the image to compare, for each scanline,
a summation of intensity values associated with a respective
scanline over a selected first range of depths of the image
with a summation of difference values associated with the
respective scanline over a second range of depths, each of
the difference values being a value determined from inten-
sity values from plural scanlines located within a width
range of the respective scanline at a particular depth within
the second range; and

[0039] generating a status indication for the ultrasound
coupling medium according to the comparison.

[0040] Another aspect of the inventions disclosed herein
includes an apparatus for determining a status of ultrasound
coupling medium for performing an ultrasound scan, the
ultrasound scan for providing an ultrasound image including
plural scanlines, the method including:

[0041] an ultrasound device for capturing an image frame
including plural scanlines, each scanline having an associ-
ated set of intensity values;

[0042] a memory storing a set of program instructions;
one or more processors programmed with the set of program
instructions for execution to cause the one or more proces-
sors to:

[0043] process the image to compare, for each scanline,
a summation of intensity values associated with a
respective scanline over a selected first range of depths
of the image with a summation of difference values
associated with the respective scanline over a second
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range of depths, each of the difference values being a

value determined from intensity values from plural

scanlines located within a width range of the respective

scanline at a particular depth within the second range;

and

[0044] generate a status indication for the ultrasound

coupling medium according to the comparison
[0045] A particular advantage of the present invention is
that it may reduce the likelihood of poor quality ultrasound
images which could result from insufficient conductive gel
application by providing an operator with an indication of a
status of the conductive gel. In this respect, embodiments of
the present invention may involve one or more types of
indications. By way of example, an indication may include
a visible indication, an audible indication (such as a tone), or
a tactile indication (such as a vibration).
[0046] Accordingly, another aspect of the present inven-
tion disclosed herein provides a method of indicating, to a
user, whether a coupling medium is present before or during
capture of a desired ultrasound image, the method including:
[0047] processing an ultrasound image to determine one or
more attributes for plural scanlines of the ultrasound image;
[0048] comparing the one or more attributes to a prede-
termined threshold; and
[0049] providing an indication to a user according to a
comparison of the one or more attributes with the threshold.
[0050] Insome embodiments, a visible indication includes
a graphic indication, image or representation (such as a
pattern or shape) overlaid over a region of the ultrasound
image having image attributes which are associated or at
least likely to be associated with insufficient coupling
medium application on a particular section of the scan head.
In other embodiments of the invention, a visible indication
may include a text message alert overlaid onto the ultra-
sound image indicating an insufficient coupling medium
status; a change in the properties and/or appearance (such as
a colour) of a section of the image including attributes which
are associated or at least likely to be associated with insuf-
ficient coupling medium; enabling a status indicator (such as
an optical indicator, such as an LED indicator); or modifying
the appearance of the ultrasound image so as to flash or
otherwise vary or modulate the intensity or other predeter-
mined characteristics of the ultrasound image over a time
period.
[0051] Alternatively, the indication may include an
audible indication (such as a tone or an audible alert mes-
sage). For example, in some embodiments, an ultrasound
probe includes an audio output device for outputting an
audible signal in response to determining an insufficient
conductive gel status. Alternatively, an audible message in
the form of a computer-generated voice may be output
which alerts the operator to the insufficient coupling medium
status and which, in some embodiments, provides further
information, such information identifying the region of the
probe’s scan head which has been determined to have, or
determined to be at least likely to have, insufficient coupling
medium.
[0052] In other embodiments, in response to detecting an
insufficient conductive gel application status, the system
may disable capturing of further ultrasound frames until an
insufficient coupling medium application status is resolved
or is at least acknowledged by the user.
[0053] In some embodiments, in the event that captured
images include image frames having an associated insuffi-
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cient coupling medium status, those image frames are stored
with a tag identifying the insufficient coupling medium
status.

BRIEF DESCRIPTION OF DRAWINGS

[0054] Various embodiments of the present invention will
be discussed with reference to the accompanying drawings
wherein:

[0055] FIG. 11is a schematic view of an ultrasound system
according to an embodiment;

[0056] FIG. 2 is a block diagram of an ultrasound system
according to an embodiment;

[0057] FIG. 3 is an example of a captured image frame
including scanlines which have been scan converted,;
[0058] FIG. 4 is an example of a captured image frame
including scanlines which have been not been scan con-
verted,

[0059] FIG. 5 is a flow diagram of a method according to
an embodiment;

[0060] FIG. 6A to 6C is a diagrammatic representation of
an approach for determining a first summation for each
scanline for use with an embodiment;

[0061] FIG. 7 is a flow diagram of an approach for
determining a first summation for each scanline;

[0062] FIG. 8 illustrates an approach for determining a
second summation for each scanline for use with an embodi-
ment;

[0063] FIG. 9 illustrates an approach for determining a
second summation for each scanline; and

[0064] FIGS. 10 and 11 illustrate an example application
of a method according to an embodiment.

[0065] In the following description, like reference char-
acters designate like or corresponding parts throughout the
figures.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0066] Now referring to FIG. 1, there is shown a view of
an ultrasound scan system 100. As shown, the ultrasound
scan system includes a processing unit 102, a probe unit 104,
and a display 108. These are connected by communications
cable 106.

[0067] The probe unit 104 includes or is connected to a
probe unit scan head 110. The scan head 110 includes a
transducer which may be, without limitation, an array trans-
ducer having multiple transducer elements, a single element
transducer or an array of separate, individual transducers. In
the present case, the probe unit 104 is a hand held ultrasonic
probe unit.

[0068] The processing unit 102 and/or the display unit 108
may be located within the probe unit 104, or located
separately. The display unit 108 may include, for example,
a touch screen allowing a user to control the functionality of
the display unit 108 and the probe unit 104. User controls
may be provided on the display unit 108, in the form of
touch screen, push buttons and a scroll-wheel. However, it
is not essential that such user controls provided.

[0069] The scan head 110 includes an acoustic window
112 which contacts the patient during scanning. This acous-
tic window has an acoustic impedance which is well
matched to the acoustic impedance of the body to be imaged.
It is desirable to provide the best possible acoustic coupling
between the transducer elements and the body to be imaged
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in order to achieve the best power transfer for acoustic
energy into and out of the body.

[0070] In use, the probe unit 104 is held against the body
of a patient adjacent to the internal part of the body which
is to be imaged, with the acoustic window 112 in contact
with the patient’s skin via a conductive gel coupling. Elec-
tronics in the probe unit 104 stimulates the emission of
ultrasound energy from each of the one or more transducers.
This beam is reflected back to a respective one of the at least
one transducer as echoes by the features to be imaged. The
at least one transducer in the scan head 110 receives these
echoes which are amplified and converted to digital scanline
data.

[0071] A motor (not shown) moves the at least one trans-
ducer such that the ultrasound beam or beams sweep out an
area to be imaged. In the present case, electronics for control
of the motor are provided in the probe unit 102. It is not
essential that embodiments of the invention include a motor
as methods according to embodiments are applicable to
motor driven and non-motor driven ultrasound probes.
[0072] Where a motor is used, the motor may be a linear
or a rotary motor. Alternatively, in another embodiment, the
linear motor is a linear ultrasonic motor. In this respect, the
term “ultrasonic motor” is used throughout this specifica-
tion. Other terms may be used for devices having the same
principle of operation but varying in size, configuration
and/or application. These terms include, without limitation,
piezomotor, piezoelectric actuator, piezoactuator, and ultra-
sonic actuator. The term “ultrasonic motor” as used in this
specification covers all of these and any other possible
terminology which may be used to describe ultrasonically
driven moving devices which may be used to perform the
invention.

[0073] With reference to FIG. 2, there is shown a block
diagram of an ultrasound scan system 100 including probe
unit electronics 120, display electronics 122 in data com-
munication with the probe unit electronics 120, and the scan
head electronics 124. In the present case, the probe unit 104
(ref. FIG. 1) includes the scan head electronics 124 and the
probe unit electronics 120 adapted to transmit pulsed ultra-
sonic signals into a target body and to receive returned
echoes from the target body.

[0074] Inuse, the ultrasound scan system 100 (ref. FIG. 1)
transmits an ultrasound signal into the target body through
the probe unit 102, and receives return signals or “echoes”
reflected from the target body. Return signals are received by
the probe unit 104 and processed by the processing unit 102
to produce scanlines for generating image frames of an
ultrasound image for display on the display 108 as a real-
time two dimensional (2D) ultrasound image. The scanlines
produced by adjacent ultrasound transducers are separated
by a distance f. The transducers transmit and receive ultra-
sound energy whilst moving or stationary in order to receive
a scanline which is a series of echo intensity values returned
from features at various depths along a line running into the
body to be imaged.

[0075] The ultrasound scan system 100 may generate an
ultrasound image with respect to a region of interest (ROI)
included in the target body, and display the generated
ultrasound image with respect to the ROI. In particular, the
ultrasound scan system 100 may generate an ultrasound
image including a representation of an anatomical feature,
such as an organ, within the RO], thereby enabling a user to
ascertain properties of the organ.
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[0076] Referring again to FIG. 2, the scan head 110 (ref.
FIG. 1) shown here includes a transducer arrangement
including one or more transducer elements 204 which are
controlled to transmit pulsed ultrasonic signals into a
medium to be imaged and to receive returned echoes from
the medium. In the present case, the transducer arrangement
includes eight transducer elements 204 arranged in an annu-
lar array, although other arrangements are possible. It is also
possible that a different number of transducer elements may
be used.

[0077] In use, an acoustically conductive gel (hereinafter
“the conductive gel”) or other coupling medium is applied to
the body of a patient adjacent to the internal part of the body
which is to be imaged, and the probe unit 102 is brought into
contact with the conductive gel and held with the scan head
110 in contact with the patient’s skin. Probe electronics 120
located in the probe unit 104 stimulate the emission of an
ultrasound beam from the transducer elements of the trans-
ducer arrangement. This beam is reflected back to the
transducer as echoes from the features to be imaged. The one
or more transducer elements of the transducer arrangement
receive these echoes which are amplified and converted to
digital scanline data. In use, the transducer arrangement may
be moved by an operator or by a motor 200 so that it covers
all of a selected planar area within the patient’s body. The
scanline data is then processed and assembled into an image
frame for processing.

[0078] As shown, the probe unit 102 includes probe unit
electronics 120 in communication with transducer arrange-
ment. In the present case, the probe unit electronics 120
includes transmit pulsers 202, low noise amplifiers 206, time
gain amplifier 208, filters 210, Analog to Digital converter
212, Digital Signal Processing device 216, Field Program-
mable Gate Array 214, HV supply 218, HV monitor 220, and
Digital to Analog (DAC) converter 222.

[0079] Transmit pulser 202 generates a short electrical
pulse to create an oscillation in the one or more transducers
elements of the transducer arrangement. Each transducer
element 204 then generates an ultrasonic pressure pulse
which is transmitted into the medium to be imaged. In the
present case, eight transducer elements then receive any
reflected ultrasonic pressure pulses and convert the received
pressure pulse into received electrical signals.

[0080] Low noise amplifiers 206 then amplify the received
electrical signals for further signal conditioning, which in
the present case involves applying time gain amplification
(TGA) 208, and filtering the output of the time gain ampli-
fier 208 using a bandpass or low pass filter 210, to provide
an analog output signal. The analog output signal is then
converted to a digital output via the A/D converter 212. In
the present case, digital output values of the A/D converter
212 are input to a field programmable gate array (FPGA)
214 in a low voltage serial format to reduce the number of
printed circuit board traces.

[0081] The input digital values are de-serialised by the
FPGA 214, preferentially delayed, to provide receive focus-
sing, buffered and transferred to the digital signal processing
(DSP) device 216 as raw scanline data. The entire process of
receiving reflected pulses and transferring the scanline data
to the digital signal processing device 216 is defined as
acquiring a scanline.

[0082] In an embodiment, the digital signal processing
device 216 processes each individually acquired scanline by
applying a digital filter to the scanline data, detecting the
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envelope of the scan line data, down-sampling the envel-
oped data, compressing the raw input data which is prefer-
able 12-bits into a low number of bits, and storing the
scanline for scan conversion by a scan converter.

[0083] At the completion of a scanline transmit, acquisi-
tion, and processing, the FPGA 214 awaits the appropriate
time to transmit the next pulse and repeat the process. The
timing of the next transmission of a pulse is thus controlled
by the FPGA 214. Having acquired a set of scanline acqui-
sitions covering an image area, the acquired scanlines are
packaged and transmitted to the display electronics 122 for
processing and display as a scan image. In this respect, in
embodiments, the digital signal processing (DSP) device
216 provides the below described conductive gel detection
functionality of the system 100.

Determining an Insufficient Conductive Gel Status

[0084] Turning now to FIG. 3 there is shown an example
scan image 300 produced from a set of acquired scanlines
which have been “scan converted” to convert the series of
individual scanlines into the depicted fan-shaped image by
taking into account motor angle.

[0085] In this example, part of the scan head 110 has
intentionally had insufficient conductive gel applied, and
thus the depicted scan image 300 includes a region 302
(highlighted with the dashed line) including the above
described “reverberations” resulting from insufficient con-
ductive gel application.

[0086] FIG. 4 is a representation 400 of the same scan
frame 300 shown in FIG. 3 but without scan conversion.
Accordingly, FIG. 4 depicts a “line by line” visualisation
which, for the purposes of this specification, is a convenient
representation for demonstrating the principles of conduc-
tive gel detection. In this respect, region 404 depicts a region
of the image frame having image attributes 3 indicative of
insufficient conductive gel.

[0087] As shown, the scan frame 400 shown in FIG. 4,
includes a number 402, N, of scanlines, 1, (in this case, N, is
96). Each scanline, 1, includes a number N, of samples s of
intensity values 404 (in this case, N, is 912). It will of course
be appreciated that a different number of scanlines and a
different number of samples may be used.

[0088] Turning now to FIG. 5 there is shown a flow
diagram for an embodiment of the present invention deter-
mining the status of conductive gel during an ultrasound
imaging process. As shown, in general terms the method
involves operating 500 an ultrasound device to capture an
image frame including plural scanlines, with each scanline
having an associated set (N,) of intensity values. Having
captured an ultrasound image, as a next step, for each
scanline a subset of the associated set of intensity values for
each scanline is processed at step 502 to determine a first
summation for each scanline.

[0089] In embodiments, and as will be further explained
below, the subset of intensity values for determining each
first summation corresponds with values located within a
defined range of relatively shallow image depths. For
example, as shown in FIGS. 6A to 6C, the determination of
the first summation for each scanline 1 may include summing
the intensity values in s between a sample number of
SUM_START_DEPTH and SUM_END_DEPTH. A vector
of length N, including a set of summed values (S,) for all
scanlines may then be constructed. As shown in FIG. 7, in
embodiments, a low pass filter is applied to the resulting
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vector of summed values (S) to provide as an output a vector
SHALLOW_SUM of filtered values including the set of first
summations. In other words, the vector SHALLOW_SUM
includes a first summation for each scanline.

[0090] Referring now to FIG. 8, as a next step, plural sets
(802-1, 802-2 . . . 802-n) of corresponding intensity values
from each of the plural scanlines located within a range of
a respective scanline 800 are then processed at step 504 to
determine a set of difference values for the respective
scanline 800. In this respect, the corresponding intensity
values are intensity values having the same sample number,
and thus are values which are effectively located on a
“horizontal line” of constant depth with each being for an
associated depth. In some embodiments, low frequency
components are removed from each horizontal line of con-
stant depth s by applying a suitable filter. One example of a
suitable filter includes a low pass filter in the form of a
sliding window box car filter of length 20. Other suitable
filters would be within the knowledge of a skilled person. In
this respect, it is to be noted that the low pass filter is
effectively applied to filter a spatial frequency (in other
words, across scanlines).

[0091] The resultant values obtained from the application
of the low pass filter to each horizontal line of values are
then subtracted from the respective original values for the
horizontal line, or equivalently a high-pass filter is applied
to the line, to produce a set of values as “LF_REMOVED_
HORIZONTAL_LINE” in which spatial frequencies below
around 2 to 3 cycles per frame are filtered out. An advantage
of this approach is that it may remove, or at least reduce,
effects of factors that change slightly as a function of scan
angle on the variance of the horizontal image lines such as,
for example, reverberation lines from a lens that may be
glued at a very slight angle, and leave components of higher
spatial frequency which are more likely to represent the
characteristic ‘ultrasound speckle’ pattern of tissue. Next, a
‘sliding window” moving variance (MOVING_VAR) is cal-
culated across the LFE. REMOVED HORIZONTAL LINE.
In this respect, a window size of 20 to 30 points has been
found to be effective for the variance calculation.

[0092] For each scanline 1, each set of difference values
includes a set of variance or standard deviation values, such
as, the variance of the predefined windows (ref, FIG. 8,
items 802-1, 802-2, 802-z) of values centred at 1 (for
example, scanline 800) for an associated constant depth s
within a range of depths. In this respect, for each window,
the variance may be calculated as:

n

o=l - )?
n<
i=1
Where:
[0093] n is the number of sample points the variance is

calculated on (that is, the size of the window, VAR _
WINDOW_SIZE);

[0094] x~=the value of each value of intensity in the
variance window;

[0095] p=the mean of all values of intensity in the
window
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[0096] Itis also possible that standard deviation could also
be used, with suitable changes to detection thresholds.
However, it has been found that using variance is compu-
tationally more efficient to calculate as no square root is
required.

[0097] Moving-variance results near the edges of LF_RE-
MOVED_HORIZONTAL_LINE may be obtained using
techniques known to those skilled in the art, such as, for
example, shortening window size near the edges, extending
the output, and/or smoothing. The resultant set of LF_RE-
MOVED_HORIZONTAL_LINE vectors each include a fil-
tered variance value for each scanline at a particular depth.
[0098] Each set of difference values is then processed 506
to determine a second summation for each scanline. In the
present case, having obtained the vector of values LF_RE-
MOVED_HORIZONTAL_LINE for each horizontal line,
respective values from the set of LF_REMOVED_HORI-
ZONTAL_LINE vectors corresponding with a respective
scanline (such as scanline 800 in FIG. 8) are summed from
a depth of d=MOVING_VAR_START_DEPTH to a depth
of d,=MOVING_VAR_END_DEPTH, to produce a MOV-
ING_VAR_SUM vector having a length of N, including
second summation values for each scanline MOVING
VAR_LINE.

[0099] Finally, a status for the ultrasound coupling
medium is generated 508 according to a relationship
between the each of the first summations (that is, SHAL-
LOW_SUM) and each of the associated second summations
(that 1s, MOVING_VAR_LINE). In the present case, each
line, scanline 1 across the scan image, the relationship is a
ratio calculated as:

SHALLOW_SUM

ar s =k T2
MV haio = K ¥ N OVING. VAR LINE

Where the normalisation constant K is:

k= d, —d;
S 4,4,
Where:
[0100] d, is the sample number associated with the

MOVING_VAR_START_DEPTH,;
[0101] d, is the sample number associated with the
MOVING_VAR_END_DEPTH;
[0102] d, is the sample number associated with the
SUM_START_DEPTH; and
[0103] d, is the sample number associated with the
SUM_END_DEPTH.
[0104] It is possible, although not essential, that the same
depths are used for both the MOVING_VAR_LINE and
SHALLOW_SUM calculations, in which case k=1. An
advantage of using k is that it may allow for independent
adjustment of START DEPTH and END_DEPTH param-
eters while maintaining a fixed value NO_GEL_THRESH-
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OLD. It will be appreciated by a skilled person that omitting
k would potentially require a need to recompute NO_GEL_
THRESHOLD for any adjustment of either the START_
DEPTH or END_DEPTH parameters

[0105] Ttis noted that the numerical sample values of these
parameters will vary with system and scan settings. How-
ever, for sample rate of 20 MHz and envelope downsample
rate of 4, suitable values would include:

[0106] MOVING_VAR_START_DEPTH=SUM_
START_DEPTH=25 (which cotresponds to a depth of
approximately 3.8 mm depth)

[0107] MOVING_VAR_END_DEPTH=SUM_END_
DEPTH=60 (which corresponds to a depth of approxi-
mately 9.2 mm depth)

[0108] Finally, for each scanline, 1, if MVAR exceeds a
predetermined threshold (NO_GEL_THRESHOLD) it is
considered that then the scanline has insufficient conductive
gel. In this respect, the predetermined threshold (NO_GEL_
THRESHOLD) may be a threshold which is set experimen-
tally. In the present case, and a value of 0.6 has been found
to be a suitable value for an embodiment.

[0109] The value of the NO_GEL_THRESHOLD may be
adjusted according to a desired sensitivity. For example,
NO_GEL_THRESHOLD may be set to a lower value if a
more sensitive detection of lack of gel is desired.

[0110] Turning now to FIGS. 10 and 11 there is shown an
example application of a method according to an embodi-
ment. FIG. 10 depicts the construction 1000 of a SHAL-
LOW_SUM vector which involves, for each scanline 1,
determining a summation sum s from START_DEPTH to
END_DEPTH and applying a low-pass filter to the summa-
tion to generate the SHALLOW_SUM vector including the
first summation for each scanline. FIG. 10 also depicts the
construction 1002 of the MOVING_VAR_SUM vector by

[0111] Subtracting low frequency components from
each horizontal line of constant depth s; and

[0112] For each scanline, 1, calculating a variance of the
VAR_WINDOW _SIZE ‘section’ of values centred at L
at a constant depth s and summing the variances from
adepth S=START_DEPTH to S=END_DEPTH to con-
struct the MOVING_VAR_SUM vector including the
second summation for each scanline.

[0113] FIG. 10 also depicts the relationship between each
of the first summations and each of the second summations
which, for each scanline, is calculated as an MVAR using:

MVAR=SHALLOW_SUM/MOVING_VAR_SUM

[0114] As shown in FIG. 11, in the illustrated example, a
region 1100 where:

MVAR>NO_GEL_THRESHOLD

has been identified and would be determined to have a status
of insufficient gel. In embodiments, if any of the scanlines
are deemed to have, or at least likely to have, insufficient
conductive gel, then the user may be prompted to add more
gel. Optionally, an indication, a visual indication identifying
conductive gel-deficient regions overlaid on the scan image
may be provided. In the present case, a graphic (shown as a
hashed area) is overlaid over a portion 1100 of the image
area indicating that an associated section of the probe head
has been determined to have an insufficient conductive gel
status and thus that that associated section has, or is at least
likely to have, insufficient conductive gel.

[0115] A method according to an embodiment, effectively
analyses at least two image features which the inventor has
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found to correspond with insufficient conductive gel,
namely, bright shallow regions (represented by the SHAL-
LOW_SUM) are present with insuflicient gel, as the lack of
conductive gel causes an acoustic impedance mismatch so
that most of the energy is reflected back from the transducer
lens and causes reverberations rather than penetrating deeper
into the body). The less conductive gel there is, the higher
the SHALLOW_SUM value will typically be. Secondly,
when conductive gel is present, changing body structures
across the image frame will cause an increase in variance in
signal level when compared to if there were only reverbera-
tions present. Thus, higher horizontal line variance (MOV-
ING_VAR_SUM) will be expected when more gel is pres-
ent.

[0116] Either of the above indicators could be used to
predict the presence/absence of sufficient gel. However, it
has been found that using both of these indicators as a ratio
provides for robust prediction of insufficient conductive gel.
[0117] Those of skill in the art would understand that
information and signals may be represented using any of a
variety of technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips may be referenced throughout the above descrip-
tion may be represented by voltages, currents, electromag-
netic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0118] Those of skill in the art would further appreciate
that the various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware (including one or more suitable micropro-
cessors), computer firmware or software or instructions, or
combinations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative com-
ponents, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation
decisions should not be interpreted as causing a departure
from the scope of the present invention.

[0119] The steps of a method or algorithm described in
connection with the embodiments disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. For
a hardware implementation, processing may be imple-
mented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors,
other electronic units designed to perform the functions
described herein, or a combination thereof. Software mod-
ules, also known as computer programs, computer codes, or
instructions, may contain a number of source code or object
code segments or instructions, and may reside in any com-
puter-readable medium such as a RAM memory, flash
memory, ROM memory, EPROM memory, registers, hard
disk, a removable disk, a CD-ROM, a DVD-ROM, a Blu-ray
disc, or any other form of computer-readable medium. In
some aspects the computer-readable media may comprise
non-transitory computer-readable media (e.g., tangible

Oct. 19, 2017

media). In addition, for other aspects computer-readable
media may comptrise transitory computer-readable media
(e.g., a signal). Combinations of the above should also be
included within the scope of computer-readable media. In
another aspect, the computer-readable medium may be inte-
gral to the processor. The processor and the computer-
readable medium may reside in an ASIC or related device.
The software codes may be stored in a memory unit and the
processor may be configured to execute them. The memory
unit may be implemented within the processor or external to
the processor, in which case it can be communicatively
coupled to the processor via various means as is known in
the art.

[0120] Further, it should be appreciated that modules
and/or other appropriate means for performing the methods
and techniques described herein can be downloaded and/or
otherwise obtained by computing device. For example, such
a device can be coupled to a server to facilitate the transfer
of means for performing the methods described herein.
Alternatively, various methods described herein can be
provided via storage means (e.g., RAM, ROM, a physical
storage medium such as a compact disc (CD) or floppy disk,
etc.), such that a computing device can obtain the various
methods upon coupling or providing the storage means to
the device. Moreover, any other suitable technique for
providing the methods and techniques described herein to a
device can be utilized.

[0121] In one form, the invention may comprise a com-
puter program product for performing the method or opera-
tions presented herein. For example, such a computer pro-
gram product may comprise a computer (or processor)
readable medium having instructions stored (and/or
encoded) thereon, the instructions being executable by one
or more processors to perform the operations described
herein. For certain aspects, the computer program product
may include packaging material.

[0122] The methods disclosed herein comprise one or
more steps or actions for achieving the described method.
The method steps and/or actions may be interchanged with
one another without departing from the scope of the claims.
In other words, unless a specific order of steps or actions is
specified, the order and/or use of specific steps and/or
actions may be modified without departing from the scope of
the claims.

[0123] As used herein, the term “determining” encom-
passes a wide variety of actions. For example, “determining”
may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a
database or another data structure), ascertaining and the like.
Also, “determining” may include receiving (e.g., receiving
information), accessing (e.g., accessing data in a memory)
and the like. Also, “determining” may include resolving,
selecting, choosing, establishing and the like. In embodi-
ments of the present invention, “determining” may include
calculating or otherwise deriving a likelihood that a condi-
tion exists.

[0124] Finally, although the invention described herein is
applicable to motor-based ultrasound systems, for non-
motor based systems, additionally looking at the brightness
in the middle-far field of the image (which will be reduced
in non-motor systems as there will not be as many rever-
berations) may also be used to determine if insufficient
conductive gel is applied to non-motor systems where the



US 2017/0296152 Al

transducer crystal is applied to the skin directly or through
one or more matching layers, but not via a coupling-fluid-
filled cavity.

1. A method of determining a status of ultrasound cou-
pling medium for performing an ultrasound scan, the ultra-
sound scan for providing an ultrasound image including
plural scanlines (N), the method including the steps of:
operating an ultrasound device to capture an image frame
including plural scanlines (N,), each scanline having an
associated sample set (s) of intensity values;

processing a subset of the associated sample set (s) of
values for each scanline to determine a first summation
for each scanline;

processing plural sets of corresponding intensity values

from each of plural scanlines located within a range of
a respective scanline to determine a set of difference
values for each respective scanline;

processing each set of difference values to determine a
second summation for each scanline; and

generating a status for the ultrasound coupling medium
according to a relationship between each of the first
summations and each of the associated second summa-
tions.

2. The method of claim 1 wherein processing a subset of
the associated sample set of values includes processing a
subset of values associated with a shallow depth of the
image frame.

3. The method of claim 1 wherein processing a subset of
the associated sample set of values includes:

for each scanline 1, summing intensity values between a
first sample number and a second sample number;

generating a vector including each of the summed inten-
sity values; and

applying a low pass filter to the generated vector to form
a vector of first summations, wherein each of the first
summations is associated with a respective scanline.

4. The method of claim 1 wherein each of the plural sets
of corresponding intensity values includes a set of values of
a respective sample number for a set of scanlines located
within a predefined range of the respective scanline.

5. The method of claim 4 wherein, for each scanline, the
set of difference values includes a set of variance values,
wherein each variance value in a set of variance values is
calculated for a respective one of the plural sets.

6. The method of claim 5 further including attenuating
low frequency components in each distribution of intensity
values for a respective depth of the ultrasound image to
provide the corresponding intensity values for processing to
determine a set of difference values for each respective
scanline.

7. The method of claim 4 wherein, for each scanline, the
set of difference values includes a set of standard deviation
values, wherein each standard deviation value in a set of
standard deviation values is calculated for a respective one
of the plural sets.

8. The method of claim 5 wherein the second summation
value for a scanline is determined as the sum of the set of
variance values for the scanline.

9. The method of claim 7 wherein the second summation
value for a scanline is determined as the sum of the set of
standard deviation values for the scanline.
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10. The method of claim 1 wherein the relationship
between each of the first summations and each of the
associated second summations for a respective scanline is
expressed as a ratio.

11. The method of claim 10 wherein the ratio is expressed
as the ratio of the first summation to the second summation.

12. The method of claim 11 wherein an insufficient
ultrasound coupling medium status indication is generated if
the ratio exceeds a predetermined threshold.

13. An apparatus for determining a status of ultrasound
coupling medium for performing an ultrasound scan, the
ultrasound scan for providing an ultrasound image including
plural scanlines, the method including:

an ultrasound device for capturing an image frame includ-

ing plural scanlines, each scanline having an associated
set of intensity values;

a memory storing a set of computer program instructions;

one or more processors programmed with the set of

program instructions for execution to cause the one or
more processors to:

process a subset of the associated set of values for each

scanline to determine a first summation for each scan-
line;

process plural sets of corresponding intensity values from

each of plural scanlines located within a range of a
respective scanline to determine a set of difference
values for each respective scanline;

process each set of difference values to determine a

second summation for each scanline; and

generating a status for the ultrasound coupling medium

according to a relationship between each of the first
summations and each of the associated second summa-
tions.
14. A method of determining a status of ultrasound
coupling medium for performing an ultrasound scan, the
ultrasound scan for providing an ultrasound image including
plural scanlines (N}, the method including the steps of:
processing the image to compare, for each scanline, a
summation of intensity values associated with a respec-
tive scanline over a selected first range of depths of the
image with a summation of difference values associated
with the respective scanline over a second range of
depths, each of the difference values being a value
determined from intensity values from plural scanlines
located within a width range of the respective scanline
at a particular depth within the second range; and

generating a status indication for the ultrasound coupling
medium according to the comparison.

15. An apparatus for determining a status of ultrasound
coupling medium for performing an ultrasound scan, the
ultrasound scan for providing an ultrasound image including
plural scanlines, the method including:

an ultrasound device for capturing an image frame includ-

ing plural scanlines, each scanline having an associated
set of intensity values;

a memory storing a set of program instructions;

one or more processors programmed with the set of

program instructions for execution to cause the one or
more processors to:

process the image to compare, for each scanline, a sum-

mation of intensity values associated with a respective
scanline over a selected first range of depths of the
image with a summation of difference values associated
with the respective scanline over a second range of
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depths, each of the difference values being a value
determined from intensity values from plural scanlines
located within a width range of the respective scanline
at a particular depth within the second range; and

generating a status indication for the ultrasound coupling
medium according to the comparison.

16. A method of indicating, to a user, whether a coupling
medium is present before or during capture of a desired
ultrasound image, the method including:

processing an ultrasound image to determine one or more

attributes for plural scanlines of the ultrasound image;
comparing the one or more attributes to a predetermined
threshold; and

providing an indication to a user according to a compatri-

son of the one or more attributes with the threshold.
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