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ULTRASOUND SYSTEM AND METHOD
WITH ADAPTIVE OVERFLOW AND GAIN
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present disclosure is based on, and claims
priority from, Taiwan Application Number 106137577, filed
Oct. 31, 2017, the disclosure of which is hereby incorporated
by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to control systems
and methods for an ultrasound system, and more particu-
larly, to an ultrasound system and method with adaptive
overflow and gain control.

2. Description of Related Art

[0003] Medical ultrasound is an ultrasound-based medical
imaging diagnostic technique. Doppler ultrasound, which
belongs to the field of medical ultrasound, uses the Doppler
Effect to determine whether a structure (generally a blood
flow) is moving toward or away from the probe and calculate
its relative velocity. By calculating the frequency drift of a
portion of the sample volume, such as a jet flow over the
heart valve, its direction and velocity can be determined and
displayed. This is particularly useful for cardiovascular
research and is necessary for other medical fields, such as
retrograde blood flow in the diagnosis of arteries. Graphical
display of Doppler information may use frequency spectrum
Doppler, color Doppler or energy Doppler.

[0004] However, the filtering and gain control circuit in
the existing Doppler ultrasound system needs to amplify the
weak Doppler shift signal. If the gain value is adjusted too
small, and when the Doppler shift signal is too small or too
close to the subsequent noise levels, poor Signal-to-Noise
Ratio (SNR) may be produced, which will not truly and
completely reflect the Doppler shift signal representing the
velocity of the blood flow.

[0005] If the gain is adjusted too large, overflow may
likely occur. Data obtained from an analog to digital con-
version circuit in a Doppler ultrasound system may have
signal distortions in its frequency shift signal after Doppler
signal analysis. Similarly, the content of the Doppler shift
signal representing the velocity of the blood flow is also not
reflected truly and completely.

[0006] In addition, in a general ultrasonic heart rate moni-
tor, when Doppler ultrasound is used to measure the blood
flow on the heart valve of the patient, it is generally required
to transmit the Doppler signal received by the ultrasonic
probe to a computer through a wired connection, such that
the computer can calculate the velocity of the blood flow of
the patient and draw an image of the velocity of the blood
flow.

[0007] In other words, the existing ultrasonic heartbeat
monitor may not be easily carried around because the area
occupied by the ultrasonic probe is too large and it needs to
be connected through a wired connection.

[0008] Therefore, there is a need for an ultrasound system
that addresses the aforementioned issues in the prior art, in
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particular, a portable ultrasound system with high SNR that
measures the velocity of the blood flow quickly and accu-
rately.

SUMMARY OF THE DISCLOSURE

[0009] The present disclosure provides an ultrasonic sys-
tem with adaptive overflow and gain control. It uses two-
stage gain controls to achieve high SNR and the correct
analysis of results. The first stage adopts an analog gain, and
monitors whether the signal may overflow or its signal
strength is too weak and adjusts the gain value as large as
possible without causing overflow in order to improve the
SNR. The second stage adopts digital gain. Gains of all data
in a Short Time Fourier Transform (STFT) data segment
used in a Doppler signal analyzer are adjusted to be the same
to ensure the correct result of STFT analysis. As a result, the
medical ultrasound system proposed by the present disclo-
sure is portable while capable of performing quick and
accurate measurements (e.g., blood flow velocity) with a
high SNR.

[0010] Thus, the present disclosure is to provide an ultra-
sound system with adaptive overflow and gain control,
which may include: an analog gain filter configured for
receiving and filtering ultrasound Doppler shift signal data,
and amplifying the analog Doppler shift signal data to
produce amplified analog Doppler shift signal data with a
gain amplified; an analog-to-digital converter configured for
converting the amplified analog Doppler shift signal data
into amplified digital Doppler shift signal data; an adaptive
gain control module configured for continuously monitoring
the amplified digital Doppler shift signal data and subse-
quent amplified digital Doppler shift signal data, updating a
gain of the analog gain filter using a first gain algorithm for
the amplified digital Doppler shift signal data subsequently
outputted by the analog-to-digital converter to fall within a
predetermined range, and combining one or more amplified
digital Doppler shift signal data and their gains into a set of
amplified gain-containing digital Doppler shift signal data;
and a digital gain module configured for sequentially receiv-
ing and storing the set of amplified gain-containing digital
Doppler shift signal data and subsequent sets of amplified
gain-containing digital Doppler shift signal data in a data
buffer of the digital gain module, and sequentially retrieving
from the data buffer, in chronological order, an amplified
gain-containing data segment and their gains, and adjusting
the amplified gain-containing data segment into a same-gain
data segment having the same gain using a second gain
algorithm,

[0011] The present disclosure is also to provide a method
for controlling an ultrasound system with adaptive overflow
and gain control, which may include: converting, by an
analog-to-digital converter, amplified analog Doppler shift
signal data into amplified digital Doppler shift signal data;
updating, by an adaptive gain control module, the gain of an
analog gain filter using an analog gain algorithm for the
amplified digital Doppler shift signal data subsequently
outputted by the analog-to-digital converter to fall within a
predetermined range, and combining one or more amplified
gain-containing digital Doppler shift signal data into a set of
amplified gain-containing digital Doppler shift signal data;
and sequentially receiving, by a digital gain module, the set
of amplified gain-containing digital Doppler shift signal data
and subsequent sets of amplified gain-containing digital
Doppler shift signal data, sequentially retrieving from the
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received sets of amplified gain-containing digital Doppler
shift signal data, in chronological order, a fixed amount of
amplified gain-containing digital Doppler shift signal data as
an amplified gain-containing data segment, and adjusting the
amplified gain-containing data segment into a same-gain
data segment having the same gain using a digital gain
algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram depicting an ultrasound
system with adaptive overflow and gain control in accor-
dance with a first embodiment of the present disclosure;
[0013] FIG. 2 is a block diagram depicting an ultrasound
system with adaptive overflow and gain control in accor-
dance with a second embodiment of the present disclosure;
[0014] FIG. 3 is a schematic diagram illustrating adjusting
of data to be within a predetermined range in accordance
with the present disclosure;

[0015] FIG. 4 is a flowchart illustrating a first gain algo-
rithm implemented in accordance with the present disclo-
sure;

[0016] FIG. 5 is a schematic diagram illustrating trans-
mission of a set of amplified digital Doppler shift signal data
and their gains in a packet in accordance with the present
disclosure;

[0017] FIG. 6 is a flowchart illustrating a first gain algo-
rithm implemented in accordance with the present disclo-
sure;

[0018] FIG. 7 is a block diagram depicting an ultrasound
system with adaptive overflow and gain control in accor-
dance with a third embodiment of the present disclosure;
[0019] FIG. 8 is a block diagram depicting an ultrasound
system with adaptive overflow and gain control in accor-
dance with a fourth embodiment of the present disclosure;
[0020] FIG. 9 is a flowchart illustrating an ultrasound
method for adjusting gain control in accordance with the
present disclosure;

[0021] FIG. 10A is an image depicting blood flow velocity
when the gain is adjusted to be too small;

[0022] FIG. 10B is an image depicting blood flow velocity
when the gain is appropriately adjusted,

[0023] FIG. 10C is an image depicting blood flow velocity
when the gain is adjusted to be too large;

[0024] FIG. 11A corresponds to a software and hardware
implementation of steps S8-S9 in FIG. 6; and

[0025] FIG. 11B corresponds to a software and hardware
implementation of steps S10-S12 in FIG. 6.

DETAILED DESCRIPTION

[0026] The present disclosure is described by the follow-
ing specific embodiments. Those with ordinary skills in the
arts can readily understand other advantages and functions
of the present disclosure after reading the disclosure of this
specification. The present disclosure may also be practiced
or applied with other different implementations. Based on
different contexts and applications, the various details in this
specification can be modified and changed without departing
from the spirit of the present disclosure.

[0027] Body fluid flow rate, including blood flow velocity,
lymphatic fluid velocity etc., can generally be used as the
basis for medical diagnosis. For example, blood flow veloc-
ity refers to the velocity of the flow of red blood cells in a
blood vessel. It is a very important physiological parameter
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that reflects numerous body functions, such as heart func-
tion, circulatory system function and human metabolism
level and the like. Therefore, the detection of human blood
velocity has great physiological significance and clinical
value in clinical diagnosis, operation monitoring and so on.
Blood flow velocity can also help diagnose vascular dis-
eases, such as peripheral vascular sclerosis, stenosis,
obstruction, plaque assessment, etc. The blood flow velocity
also has important clinical values in aspects such as in the
determination of the replantation of severed limbs and
vascular integrity of burn patients. It has become one of the
important clinically diagnostic tools.

[0028] Therefore, in view of the above mentioned and
other shortcomings of the general equipment for detecting
human blood flow velocity, an ultrasound system with
adaptive overflow and gain control is proposed.

[0029] As shown in FIG. 1, a block diagram depicting an
ultrasound system with adaptive overflow and gain control
in accordance with the present disclosure is shown. It
primarily includes two blocks for two-stage gain adjust-
ments. The first stage uses an analog gain adjustment block
8 and the second stage uses a digital gain adjustment block
9. The analog gain adjustment block 8 receives signal data
from an ultrasound piezoelectric film 21, and includes a
Doppler demodulator 22, an analog gain filter 23, an analog-
to-digital converter 24 and an adaptive gain control module
25. The digital gain adjustment block 9 includes a digital
gain module 26, a Doppler signal analyzer 27 and a display
28.

[0030] The ultrasound piezoelectric film 21 first emits
ultrasound of a particular frequency to a site to be detected
(such as pulmonary artery blood vessels), and sequentially
receives a Doppler reflective wave data using the Doppler
Effect.

[0031] The Doppler demodulator 22 then sequentially
demodulates the Doppler reflective wave data into ultra-
sound Doppler shift signal data.

[0032] The analog gain filter 23 then sequentially filters
out high frequency noise signals from the ultrasound Dop-
pler shift signal data and amplifies the weak ultrasound
Doppler shift signal data. For example, assuming the maxi-
mum velocity of the human blood flow signal to be moni-
tored is 1.2 m/s and the transmission frequency of the
ultrasound is 2.5 MHz, by using a Doppler Effect equation,
the maximum frequency of the received frequency shift
about 4 KHz can be calculated. The filter can be set to filter
out signals with frequencies higher than 4 KHz, while
passing signals having frequencies below 4 KHz (including
blood flow signals and noise below 4 KHz). Noise below 4
KHz in the system may enter through the ultrasound
receiver, as well as other circuits, such as a speaker and a
Bluetooth transmission module. Therefore, under the con-
dition that data overflow will not occur, the gain is increased
as high as possible to lower the ratio of noise from other
circuits and increase the SNR (signal-to-noise ratio). As a
result, amplified analog Doppler shift signal data is pro-
duced by the analog gain filter 23. It goes without saying that
the above parameters are all doubled if it is assumed that the
maximum velocity of the human blood flow signal to be
monitored is 2.4 m/s.

[0033] The analog gain filter 23 can be implemented by
using independent integrated circuits, modules, electronic
components, or a combination of the integrated circuits,
modules and electronic components. For example, under
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some circumstances, one existing analog gain filter module
may be sufficed. However, if the range of gain that can be
adjusted by the analog gain filter module is too narrow, a
resistor gain circuit (not shown) consisting of some resistors
and variable resistors can be added to the front of a signal
input of the analog gain filter module 23, such that incoming
signals are first amplified in the resistor gain circuit and then
sent to the analog gain filter module 23. However, the ways
in which signals are amplified are not limited to those
described above.

[0034] The analog-to-digital converter 24 then sequen-
tially converts the amplified analog Doppler shift signal data
into an amplified digital Doppler shift signal data.

[0035] Now refer to FIG. 3 for more details of the adaptive
gain control module 25. When a set of amplified digital
Doppler shift signal data outputted by the analog-to-digital
converter 24 is not within (e.g., higher than or lower than)
a predetermined range (2048x3/10=615-2048x7/10=1434),
the adaptive gain control module 25 performs a first gain
algorithm (as shown in steps S1 to S7 in FIG. 4), such that
subsequent sets of amplified digital Doppler shift signal data
will be adjusted back to be within the predetermined range.
The adaptive gain control module 25 sequentially receives
the digital Doppler shift signal data outputted by the analog-
to-digital converter 24, and performs the first gain algorithm
(an analog gain algorithm) shown in the flowchart of FIG. 4,
including steps S1-S7 below:

[0036] Step S1: All data and gains within a time interval
are received, 1.e., a plurality of data and gains are received.
In other words, all these data and gains refer to an amplified
digital Doppler shift signal data and subsequent amplified
digital Doppler shift signal data sequentially received by the
adaptive gain control module 25 from the analog-to-digital
converter 24. For example, if the time interval for adjusting
gain is set to 2 seconds, and the sampling rate per second is
8 KHz, the number of data received in the 2 seconds will be
16,000.

[0037] Step S2: An interval maximum value is defined
from these data in the time interval. In other words, the
interval maximum value=the maximum value of all data in
the time interval. In other words, an interval maximum value
is defined from all the data and gains, which are the
amplified digital Doppler shift signal data and the subse-
quent amplified digital Doppler shift signal data sequentially
received by the adaptive gain control module 25 from the
analog-to-digital converter 24. In this embodiment, the
maximum value of the 16,000 data will be the interval
maximum value.

[0038] Step S3: It is determined whether the interval
maximum value is greater than a maximum limit. If the
interval maximum value is not greater than the maximum
limit (no), proceed to step S4. If the interval maximum value
is greater than the maximum limit (yes), step S6 is per-
formed. For example, the analog-to-digital converter 24 uses
a 12-bit resolution converter, and the numerical range is
between —2'!(-2048) and +2''(+2048) with a center value
of 0. Suppose that the interval maximum value (must be a
positive value) is set to be controlled between 2048x7/
10=1434 and 2048x3/10=615. If the interval maximum
value is greater than 1434, subsequent data may have
overflowed; on the other hand, if the interval maximum
value is less than 615, the SNRs of subsequent data may be
too weak. In both cases, a correct signal cannot be shown.
At this time, the maximum limit (positive maximum limit)
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is 1434, and the minimum limit (positive minimum limit) is
615. Assume, in this example, that the maximum value of
16,000 data received in the two seconds is 300 (the interval
maximum value=300), which is less than the maximum limit
1434. Thus, proceed to step S4.

[0039] Step S4: It is determined whether the interval
maximum value is less than a minimum limit. If the interval
maximum value is not less than a minimum limit (no),
proceed to step S5. If the interval maximum value is less
than the minimum limit (yes), step S6 is performed. In this
example, the maximum value (300) of 16,000 data received
in the two seconds is less than the minimum limit (615).
Thus, proceed to step S6.

[0040] Step S5: The gain of the analog gain filter 23 is not
updated. Therefore, the new gain equals to the current gain
of the analog gain filter 23 (new gain=the current gain).
[0041] Step S6: The gain is updated. The new gain equals
to target value divided by interval maximum value and then
multiplied by current (gain new gain=(target value/interval
maximum value)xcurrent gain). When the gain needs to be
adjusted, regardless of whether the interval maximum value
was too large or too small, the interval maximum value is
adjusted to a target data value. The target data value is
between the maximum limit and the minimum limit. In this
example, the target data value is set to be the middle value
between the maximum limit and the minimum limit, i.e.,
target data value=2048x5/10=1024. Assume that the gain of
all the data in an interval is 3 (the gains of data in the same
time interval will not be changed), and the new gain is
updated to 3x615/300=6 (should be 6.15, but round to the
nearest whole number).

[0042] Step S7: The gain of the analog gain filter 23 is
updated to the new gain obtained in step S6. Once the
adaptive gain control module 25 calculates a new gain, the
new gain is set in the analog gain filter 23. As a result, the
maximum value of all amplified data (all amplified digital
Doppler shift signal data) in a subsequent interval would be
between the predetermined range defined by the maximum
limit and the minimum limit.

[0043] Regardless of whether step S5 (no change to the
gain) or step S7 (the gain is updated) is performed based on
the results of steps S3 and S4, the adaptive gain control
module 25 will transmit a set of amplified gain-containing
digital Doppler shift signal data to the digital gain module
26. See FI1G. 5, which is a schematic diagram depicting data
bytes of 243 data (associated with blood flow velocity of the
pulmonary artery) plus a serial number byte and a current
gain byte. The set of amplified gain-containing digital Dop-
pler shift signal data is implemented as a packet and trans-
mitted to the digital gain module 26.

[0044] The digital gain module 26 may receive the set of
amplified gain-containing digital Doppler shift signal data
and subsequent sets of amplified gain-containing digital
Doppler shift signal data via Bluetooth Low Energy (BLE)
70 or other communication methods, and successively
extract, in chronological order, an amplified gain-containing
data segment from all the sets of the amplified gain-con-
taining digital Doppler shift signal data. Thereafter, accord-
ing to a second gain algorithm (a digital gain algorithm)
shown in steps S8-S12 in a flowchart of FIG. 6, the amplified
gain-containing data segment is converted into a same-gain
data segment with the same gain, and this same-gain data
segment is provided to the Doppler signal analyzer 27 for
analysis.
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[0045] The second gain algorithm (a digital gain algo-
rithm) in the flowchart of FIG. 6 includes steps S8-S12, and
FIG. 11A is referred to at the same time, which is a software
and hardware implementation of steps S8-S9.

[0046] Step S8: Data sets (each of the data set includes one
or a plurality of data and the gain) are received from the
adaptive gain control module 25. The data sets refer to a set
of amplified gain-containing digital Doppler shift signal data
and the subsequent sets of amplified gain-containing digital
Doppler shift signal data. For example, the adaptive gain
control module 25 transmits the set of amplified gain-
containing digital Doppler shift signal data, as shown in
FIG. 5. Each of the data set includes 243 amplified data and
the gain information. Assuming after measurement has
started, 66 sets of data had already been successively
received (each data set includes 243 data and their gain),
now the 67% data is received shown in FIG. 11A.

[0047] Step S9: These data sets (also the set of amplified
gain-containing digital Doppler shift signal data and subse-
quent sets of amplified gain-containing digital Doppler shift
signal data) are sequentially stored in a data buffer 261 in the
digital gain module 26 shown in FIG. 11A. The Nth set of
amplified gain-containing digital Doppler shift signal data is
stored in the <start position ((N-1)x243), end position
((N-1)x243+242)> of the data buffer 261.

[0048] In this example, as 66 data sets received previously
have already been stored in the data buffer 261, these data
sets occupy position 0 to position 16037 (66x243=16038) of
the data buffer 261, wherein the 66” set of amplified
gain-containing digital Doppler shift signal data is stored in
<15795, 16037> of the data buffer 261, and the 67% set of
amplified gain-containing digital Doppler shift signal data is
stored in <16038, 16280> of the data buffer 261.

[0049] FIG. 11B is referred to at the same time, which is
a software and hardware implementation of steps S10-S12.

[0050] Step S10: Referring to FIG. 6 and FIG. 11B, it is
determined if the needed-to-treat data capacity of the data
buffer 261 is greater than the amount of space needed by the
data segments to be analyzed by the Doppler signal analyzer
27. If the data capacity of the data buffer 261 is greater than
the amount of space needed by the data segments (yes),
proceed to step S11; if the data capacity of the data buffer
261 is not greater than the amount of space needed by the
data segments (no), proceed to step S8. For example, the
Doppler signal analyzer 27 may perform data analysis using
Short Time Fourier Transform (STFT). The Doppler signal
analyzer 27 receives equivalent gain data segments based on
chronological order, and sequentially analyzes each data
segment.

[0051] Assume that the size of data segment required by
the Doppler signal analyzer 27 is 256 data, and each time the
Doppler signal analyzer 27 moves 64 data to obtain the next
segment of 256 data. Using mathematical representation,
<initial data position, end data position> of N data segment
is <(N-1)x64, (N-1)x64+255>. From the above, it can be
seen that the previous 66 data sets have provided 247 data
segments (247-1)x64+255=15999, leaving with a total of
230 remaining data from position (248-1)x64=15808 to
position 16037 (the size of data segment required by the
Doppler signal analyzer 27 is 256 data), adding the 67% data
set received this time, there are a total of 473 (230+243)
available data, which is greater than 256 data. Thus, step S11
is performed.
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[0052] Step S11: Data segments required for the Doppler
signal analysis are sequentially retrieved from the data
buffer 261. In this example (e.g., in F1G. 11B), when the 67”
packet is received, four data segments (data segments 248-
251) are retrieved for STFT analysis. The <initial position,
end position> of these four data segments are <15808,
16063>, <15872, 16127>, <15936, 16191>and <16000,
16255>, respectively.

[0053] Step S12: All the data in a data segment are
adjusted to the same gain and are provided to the Doppler
signal analyzer 27 for analysis. Before a data segment is
provided for STFT analysis, all the data in the data segment
are converted to numerical values by using the same gain.
Assume that the previous 66 data sets were in the same time
interval (the gains of data in the same time interval will not
be changed) with a data gain of 3, and the previous 247 data
segments do not require numerical value adjustment before
STFT analysis. Assume that the 67 data set belongs to
another time interval with a gain adjusted to 6, and in the
data segments 248-251, data in the same data segment may
have different gain, some may have a gain of 3, while some
may have a gain of 6. Therefore, the gains need to be
adjusted, and the data updated to new numerical values
before STFT analysis can be performed.

[0054] For example, assume that the gains of the data
segment are determined to be adjusted to 3, and a data in this
data segment has a value of N1 and a gain of 3. This data
does not need to be adjusted; on the other hand, if there is
another data in this data segment with a value of M1 and a
gain of 6, this data will need to be updated to M2=M1x3/
6=0.5 M1.

[0055] Once all the data in the data segment have the same
gain, the digital gain module 26 can then provide them to the
Doppler signal analyzer 27, in which the STFT is performed
to convert them into an image for medical diagnosis (i.e.,
analysis result) to be shown on the display 28.

[0056] Similar to FIG. 1, FIG. 2 is a block diagram
depicting an ultrasound system with adaptive overflow and
gain control in accordance with a second embodiment of the
present disclosure.

[0057] An ultrasound system 2 with adaptive overflow and
gain control includes two blocks, i.e., a first device A and a
second device B. The first device A is, for example, an
embedded system, including the Doppler demodulator 22,
the analog gain filter 23, the analog-to-digital converter 24,
and a first gain control module 41 included in a central
processing unit (CPU) 40. The CPU 40 sequentially receives
amplified digital Doppler shift signal data converted by the
analog-to-digital converter 24, and combines a plurality of
these amplified digital Doppler shift signal data with their
gains into a set of amplified gain-containing digital Doppler
shift signal data, and then transmits this set of amplified
gain-containing digital Doppler shift signal data to the
second device B via the BLE 70. The CPU 40 also receives
anew gain command from the second device B via the BLE
70 (wherein the new gain command is calculated by a
second gain control module 43 in another CPU 42), such that
when the first gain control module 41 of the CPU 40 starts
collecting data of a new data set, the new gain command is
set to change the gain of the analog gain filter 23.

[0058] The second device B is, for example, a smartphone,
and the CPU 42 includes the second gain control module 43
(a type of analog gain control module), a digital gain module
44, a Doppler signal analyzer 45, and a display 46 included
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in the second device B for displaying the results of the
analysis (e.g., images for medical diagnosis). The CPU 42 of
the second device B sequentially receives a set of amplified
gain-containing digital Doppler shift signal data from the
first device A, and the second gain control module 43
performs the first gain algorithm (illustrated in steps S1-S7
of FIG. 4) after a time interval to calculate a new gain
command, which is sent to the first gain control module 41
of the CPU 40 via BLE 70. The first gain control module 41
then sends the new gain to the analog gain filter 23 for
changing the gain of the analog gain filter 23, such that a
subsequent set of amplified digital Doppler shift signal data
is adjusted back to be within a predetermined range. The
function of the adaptive gain control module 25 in FIG. 1 is
achieved by the first gain control module 41 and the second
gain control module 43 in collaboration in FIG. 2. In other
words, the adaptive gain control module 25 of FIG. 1 is
divided into the first gain control module 41 and the second
gain control module 43 of FIG. 2.

[0059] The digital gain module 44 sequentially receives
the set of amplified gain-containing digital Doppler shift
signal data and subsequent sets of amplified gain-containing
digital Doppler shift signal data, uses the second gain
algorithm (as illustrated in steps S8-S12 of FIG. 6 above) to
store all the data received in the data buffer 261 in chrono-
logical order, sequentially retrieves amplified gain-contain-
ing data segment(s) in chronological order, and converts the
amplified gain-containing data segments into a same-gain
data segment with the same gain. In other words, converting
the amplified gain-containing data segments into a same-
gain data segment with the same gain means that the set of
amplified gain-containing digital Doppler shift signal data
and the subsequent sets of amplified gain-containing digital
Doppler shift signal data are all adjusted to have the same
gain. Thereafter, the same-gain data segments are sequen-
tially provided to the Doppler signal analyzer 45 for analy-
sis.

[0060] The Doppler signal analyzer 45 converts each
segment of digital signal data with the same gain into an
image (analysis result) for medical analysis according to
Short Time Fourier Transform to be displayed on the display
46.

[0061] The CPU 40 is provided in the embedded system,
while the CPU 42 is provided on the smartphone, wherein
the second gain control module 43 is embedded in the CPU
42 for performing the first gain algorithm. The main purpose
of this is so that the CPU 42 can speed up the execution of
the first gain algorithm and reduce computational costs of
the CPU 40 in the first device A. As a result, the size of the
first device A can be reduced.

[0062] Similar to FIGS. 1 and 2, FIG. 7 shows a block
diagram depicting an ultrasound system with adaptive over-
flow and gain control 2 in accordance with a third embodi-
ment of the present disclosure.

[0063] An adaptive gain control module 52 is embedded in
a CPU 51. The performance efficiency of the first gain
algorithm (as shown in steps S1-S7 of FIG. 4) can be speed
up by the CPU 51. A digital gain module 53 and a Doppler
signal analyzer 54 in FIG. 7 are embedded in a CPU 50.
Similarly, the performance efficiency of the second gain
algorithm (as shown in steps S8-S12 of FIG. 6) can be speed
up by the CPU 50. The functions of these modules as well
as a display 55 are similar to those described with respect to
FIG. 1, further description thereof hereby omitted.
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[0064] FIG. 8 is a block diagram depicting an ultrasound
system with adaptive overflow and gain control in accor-
dance with a fourth embodiment of the present disclosure.
[0065] The ultrasound system 2 with adaptive overflow
and gain control is embedded in a third device C (e.g., a
portable or desktop ultrasound device), and a CPU 60
includes an analog gain control module 61 for performing
the first gain algorithm (as shown in steps S1-S7 of FIG. 4),
a digital gain module 62 for performing the second gain
algorithm (as shown in steps S8-S12 of FIG. 6), a Doppler
signal analyzer 63, and a display 64 for showing the result
of analysis. The functions of these modules are similar to
those described with respect to FIG. 1, and will not be
repeated.

[0066] FIG. 9 is a flowchart illustrating steps of an ultra-
sound method for adjusting gain control in accordance with
the present disclosure, and is realized with some of the
components of the system in FIG. 8. The steps include the
following.

[0067] Step S13: The analog-to-digital converter 24 con-
verts an amplified analog Doppler shift signal data into an
amplified digital Doppler shift signal data.

[0068] Step S14: The analog gain control module 61 (or
adaptive gain control module) uses an analog gain algorithm
(steps S1-S7 of FIG. 4) to update the gain of the analog gain
filter 23, such that the subsequent amplified digital Doppler
shift signal data outputted by the analog-to-digital converter
24 will be within a predetermined range. Then, one or more
amplified digital Doppler shift signal data with their gains
(one or more amplified gain-containing digital Doppler shift
signal data) are combined into a set of amplified gain-
containing digital Doppler shift signal data, and this set of
amplified gain-containing digital Doppler shift signal data is
transmitted to the digital gain module 62.

[0069] Step S15: The digital gain module 62 sequentially
receives the set of amplified gain-containing digital Doppler
shift signal data and subsequent sets of amplified gain-
containing digital Doppler shift signal data, and sequentially
retrieves, in chronological order, a fixed amount of the
amplified gain-containing digital Doppler shift signal data as
an amplified data segment and their gains. Then, a digital
gain algorithm (steps S8-S12 of FIG. 6) is used to convert
the amplified gain-containing data segment into a same-gain
data segment with the same gain. The same-gain data
segment is provided to the Doppler signal analyzer 63 for
analysis.

[0070] In conclusion, the ultrasound system and the ultra-
sound method with adaptive overflow and gain control are
provided by the present disclosure. The first stage adopts an
analog gain. At this stage, signals are monitored to see if
they are higher or lower than a predetermined range, and the
gain is adjusted to be as large as possible without causing
overflow, such that SNR is improved. The second stage
adopts a digital gain, in which the gains of all the data in the
same segment required for Doppler signal analyzer are
adjusted to be the same to facilitate STFT. As a result, the
medical ultrasound system of the present disclosure is
portable while capable of performing quick and accurate
measurements (e.g., blood flow velocity) with a high SNR.
[0071] FIG. 10A is an image depicting blood flow velocity
when the gain is adjusted to be too small. FIG. 10A
demonstrates that low gain will results in poor SNR, and the
contents of the Doppler shift signals representing the blood
flow velocity cannot be accurately and fully shown.
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[0072] FIG.10C is an image depicting blood flow velocity
when the gain is adjusted to be too large. FIG. 10C dem-
onstrates that when the gain is too high, signal distortions
will occur in the shift signals after STFT conversion from
Doppler digital signals converted by the analog-to-digital
conversion circuit in the Doppler ultrasound system. Simi-
larly, the contents of the Doppler shift signals representing
the blood flow velocity cannot be accurately and fully
shown.
[0073] On the other hand, according to the ultrasound
system and the ultrasound method with adaptive overflow
and gain control proposed by the present disclosure, an
image depicting blood flow velocity when the gain is
appropriate is shown in FIG. 10B. Since an analog gain is
adopted in the first stage and a digital gain is adopted in the
second stage, SNR is increased, and the data in the data
segments entering the STFT all have the same gain, correct
blood flow information can be obtained from performing
STFT continuously, and a satisfactory image with better
contrast can be displayed on the display for medical diag-
nosis.
[0074] The above embodiments are only used to illustrate
the principles of the present disclosure, and should not be
construed as to limit the present disclosure in any way. The
above embodiments can be modified by those with ordinary
skill in the art without departing from the scope of the
present disclosure as defined in the following appended
claims.
What is claimed is:
1. An ultrasound system, comprising:
an analog gain filter configured for receiving and filtering
ultrasound Doppler shift signal data, and amplifying
the ultrasound Doppler shift signal data to produce
amplified analog Doppler shift signal data with a gain
amplified,
an analog-to-digital converter configured for converting
the amplified analog Doppler shift signal data into
amplified digital Doppler shift signal data;
an adaptive gain control module configured for continu-
ously monitoring the amplified digital Doppler shift
signal data and subsequent amplified digital Doppler
shift signal data, updating a gain of the analog gain
filter by using a first gain algorithm for the amplified
digital Doppler shift signal data subsequently outputted
by the analog-to-digital converter to fall within a pre-
determined range, and combining one or more ampli-
fied digital Doppler shift signal data and their gains into
a set of amplified gain-containing digital Doppler shift
signal data; and
a digital gain module configured for sequentially receiv-
ing and storing the set of amplified gain-containing
digital Doppler shift signal data and subsequent sets of
amplified gain-containing digital Doppler shift signal
data in a data buffer of the digital gain module, and
sequentially retrieving from the data buffer, in chrono-
logical order, an amplified gain-containing data seg-
ment and their gains, and adjusting the amplified gain-
containing data segment into a same-gain data segment
having the same gain using a second gain algorithm.
2. The ultrasound system of claim 1, wherein the adaptive
gain control module is divided into a first gain control
module and a second gain control module, the second gain
control module performs the first gain algorithm for the
amplified digital Doppler shift signal data subsequently
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outputted by the analog-to-digital converter to fall within the
predetermined range, and the first gain control module
updates the gain of the analog gain filter with a new gain
generated by the second gain control module via the first
gain algorithm.
3. The ultrasound system of claim 1, wherein the set of
amplified gain-containing digital Doppler shift signal data is
transmitted to the digital gain module via Bluetooth Low
Energy (BLE) or other wireless or wired communication
methods.
4. The ultrasound system of claim 1, further comprising a
Doppler signal analyzer configured for sequentially convert-
ing the same-gain data segment and subsequent same-gain
data segments into pictures, images or data for medical
diagnosis.
5. The ultrasound system of claim 4, wherein the Doppler
signal analyzer and the digital gain module are embedded in
a smartphone.
6. The ultrasound system of claim 1, further comprising a
Doppler demodulator configured for demodulating Doppler
reflective wave data into the ultrasound Doppler shift signal
data.
7. The ultrasound system of claim 1, wherein the second
gain algorithm adjusts the amplified gain-containing data
segment into the same-gain data segment having the same
gain by adjusting the gains of the set of amplified gain-
containing digital Doppler shift signal data and the subse-
quent sets of amplified gain-containing digital Doppler shift
signal data to have the same gain.
8. The ultrasound system of claim 1, wherein the ultra-
sound Doppler shift signal data is generated by reflection
from at least one site to be detected, and the at least one site
to be detected is a body part of an animal.
9. The ultrasound system of claim 8, wherein the body
part has a body fluid flow rate as a blood flow velocity or a
lymphatic fluid velocity.
10. The ultrasound system of claim 1, which is integrated
in a portable or desktop ultrasound device.
11. The ultrasound system of claim 1, wherein when the
amplified digital Doppler shift signal data outputted by the
analog-to-digital converter is not fallen within the predeter-
mined range, the amplified digital Doppler shift signal data
is adjusted back to be within the predetermined range.
12. A method for controlling an ultrasound system, com-
prising:
converting, by an analog-to-digital converter, amplified
analog Doppler shift signal data into amplified digital
Doppler shift signal data;

updating, by an adaptive gain control module, a gain of an
analog gain filter using an analog gain algorithm for the
amplified digital Doppler shift signal data subsequently
outputted by the analog-to-digital converter to fall
within a predetermined range, and combining one or
more amplified gain-containing digital Doppler shift
signal data into a set of amplified gain-containing
digital Doppler shift signal data; and

sequentially receiving, by a digital gain module, the set of

amplified gain-containing digital Doppler shift signal
data and subsequent sets of amplified gain-containing
digital Doppler shift signal data, sequentially retrieving
from the received sets of amplified gain-containing
digital Doppler shift signal data, in chronological order,
a fixed amount of amplified gain-containing digital
Doppler shift signal data as an amplified gain-contain-
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ing data segment, and adjusting the amplified gain-
containing data segment into a same-gain data segment
having the same gain using a digital gain algorithm.
13. The method of claim 12, wherein the set of amplified
gain-containing Doppler shift signal data is associated with
an ultrasound Doppler shift signal data reflected from at
least one site to be detected.
14. The method of claim 12, wherein the digital gain
algorithm is executed to perform:
step S1: receiving the amplified digital Doppler shift
signal data and the subsequent amplified digital Dop-
pler shift signal data in a time interval;
step S2: defining an interval maximum value among the
amplified digital Doppler shift signal data and the
subsequent amplified digital Doppler shift signal data
in a time interval;
step S3: determining whether the interval maximum value
is greater than a maximum limit; and proceeding to step
S4, if the interval maximum value is not greater than
the maximum limit, proceeding to step S6;
step S4: determining whether the interval maximum value
is less than minimum limit;
and proceeding to step S5, if the interval maximum value
is not less than minimum limit, proceeding to step S6;
step S5: not updating the gain of the analog gain filter;
step S6: updating the gain to be a new gain=(a target
value/the interval maximum value)xa current gain; and
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step S7: updating the gain of the analog gain filter based
on the new gain obtained in step S6.

15. The method of claim 12, wherein the digital gain

algorithm is executed to perform:

step S8: receiving the set of amplified gain-containing
digital Doppler shift signal data and the subsequent sets
of amplified gain-containing digital Doppler shift sig-
nal data;

step S9: sequentially storing the set of amplified gain-
containing digital Doppler shift signal data and the
subsequent sets of amplified gain-containing digital
Doppler shift signal data into a data buffer;

step S10: determining whether a data capacity of the data
buffer is greater than an amount of space in a data
segment required by a Doppler signal analyzer; pro-
ceeding to step S11, if the data capacity of the data
buffer is not greater than the amount of data, returning
to step S8;

step S11: sequentially retrieving the amount of data for
the data segment required by the Doppler signal ana-
lyzer; and

step S12: adjusting the data in the data segment to be a
same-gain data segment and providing the same-gain
data segment to the Doppler signal analyzer for analy-
sis.
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