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ULTRASOUND APPARATUS AND
ULTRASOUND EMISSION METHOD

BACKGROUND

Technical Field

[0001] The disclosure relates to an ultrasound apparatus
and an uvltrasound emission method adapted to the ultra-
sound apparatus.

Description of Related Art

[0002] Ultrasound has been widely used in medical diag-
nosis, military radar system and rusting detection. In the
medical diagnosis system, the ultrasound is often used in
imaging internal body structures such as tendons, muscles,
joints, vessels and internal organs. Images obtained by the
ultrasound may clearly show the internal body, which help
medical personnel to correctly diagnose illness or disease of
a patient. Thereafter, appropriate treatment could be chosen
and performed to the patient.

[0003] In a traditional medical ultrasound apparatus, dur-
ing the ultrasound scanning of an object, ultrasound beams
are outputted by a plurality of transducer elements in a probe
to form a plane wave, and echoes of the plane wave are
detected and recorded for generating the image of the
internal structure of the object. However, when using the
probe for ultrasound scanning, the wave strength at the
beginning and the end of the ultrasound plane wave is
usually weaker than the wave strength at the other parts of
the ultrasound plane wave. This usually leads to inaccurate
ultrasound detection.

[0004] Therefore, compensation should be made in order
to put the wave strength of the plane wave in consistency. It
is still a goal of effort for those technicians of the field to
provide an eflicient and accurate ultrasound detection.

SUMMARY

[0005] The disclosure is directed to an ultrasound appa-
ratus and an ultrasound emission method, by which ultra-
sound detection is precisely and accurately performed.

[0006] An embodiment of the disclosure provides an ultra-
sound apparatus. The ultrasound apparatus includes an ultra-
sound probe, a transceiver circuit, a switch module and a
processor. The ultrasound probe has a 1, transducer element
to a M,, transducer element for respectively emitting ultra-
sound beams to form a plane wave, where M is a positive
integer. The transceiver circuit has a 1_, transceiving channel
to a N, transceiving channel, where N is a positive integer,
and M is a multiple of N. The switch module is switched
between the ultrasound probe and the transceiver circuit, and
the processor controls the switch module and the transceiver
circuit. During a scanning period, the processor controls the
switch module to initially and respectively connect the
1,-N,, transceiving channels to the 1 -N,, transducer ele-
ments and controls the transceiver circuit to generate trans-
mission signals, such that the 1 _-N,, transducer elements
successively emit the ultrasound beams in response to the
transmission signals from the 1,-N,, transceiving channels.
After the ultrasound beam is emitted by the N, transducer
element, the processor controls the switch module to respec-
tively connect the 1_,-N,, transceiving channels to the (N+1)
#-(2N),, transducer elements and controls the transceiver
circuit to generate the transmission signals, such that the
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(N+1),,-(2N),, transducer elements successively emit the
ultrasound beams in response to the transmission signals
from the 1,,-N,, transceiving channels.

[0007] In an embodiment of the disclosure, every two of
the ultrasound beams that are successively emitted are
separated in time by an interval.

[0008] In an embodiment of the disclosure, operation of
the switch module as to respectively connect the 1.-N,,
transceiving channels to the (N+1),,-(2N),, transducer ele-
ments is performed during the interval.

[0009] In an embodiment of the disclosure, when every
two adjacent transducer elements are apart with a distance 1,
for emitting the plane wave with an incident angle 0, the
interval is: interval=1xsin 6/V, wherein V is a velocity of
ultrasound.

[0010] In an embodiment of the disclosure, when M
equals to 2N, after the ultrasound beam is emitted by the
(2N),,, transducer element, the processor controls the switch
module to respectively connect the 1-N,, transceiving
channels to the 1,-N,, transducer elements for detecting
echoes of the ultrasound beams in rest of the scanning
period. When the echoes of the ultrasound beams are
detected, reception signals are generated by the 1.,-N,,
transducer elements and transmitted to the 1_-N,, transceiv-
ing channels. The reception signals are further transferred to
Low-Voltage Differential Signaling (LVDS) signals by the
transceiver circuit, and the LVDS signals are then sent to the
processor.

[0011] In an embodiment of the disclosure, the switch
module comprises at least one high voltage switch, and each
of the at least one high voltage switch is switched between
a portion of the transducer elements and a portion of the
transceiving channels.

[0012] Another embodiment of the disclosure provides an
ultrasound emission method, adapted to an ultrasound appa-
ratus for emitting a plane wave during a scanning period.
The ultrasound apparatus has an ultrasound probe, a trans-
ceiver circuit and a switch module switched between the
ultrasound probe and the transceiver circuit. The ultrasound
probe has a 1, transducer element to a M,, transducer
element for respectively emitting ultrasound beams to form
the plane wave, the transceiver circuit has a 1, transceiving
channel to a N, transceiving channel, M, N are positive
integers, and M is a multiple of N. The method includes the
following steps. The switch module is controlled to initially
and respectively connect the 1_-N,, transceiving channels to
the 1,,-N,, transducer elements. The transceiver circuit is
controlled to generate transmission signals. The ultrasound
beams are successively emitted by the 1_-N,, transducer
elements in response to the transmission signals from the
1,,-N,, transceiving channels. After the ultrasound beam is
emitted by the N, transducer element, the switch module is
controlled to respectively connect the 1_-N,, transceiving
channels to the (N+1),,-(2N),, transducer elements. The
transceiver circuit is controlled to generate transmission
signals. The ultrasound beams are successively emitted by
the (N+1),,-(2N),, transducer elements in response to the
transmission signals from the 1,-N,, transceiving channels.
[0013] According to the above description, in the ultra-
sound apparatus and the ultrasound emission method,
through the operation of the switch module, the total number
of the emitted ultrasound beams during a single scanning
period is at least twice of the number of the transceiving
channels. Thus, energy of the emission is increased, so the
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Signal-to-Noise Ratio (SNR) has been raised, such that the
ultrasound detection is more precise and accurate, and the
quality of the ultrasound image is also improved. Further,
the total cycle time for a succeed scanning could be short-
ened, so as to lower the power consumption on ultrasound
detection.

[0014] In order to make the aforementioned and other
features and advantages of the disclosure comprehensible,
several exemplary embodiments accompanied with figures
are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0016] FIG.11is a block diagram illustrating an ultrasound
apparatus according to an embodiment of the present dis-
closure.

[0017] FIG. 2 is a detailed diagram illustrating an ultra-
sound apparatus according to an embodiment of the present
disclosure.

[0018] FIG. 3 is a flowchart illustrating an ultrasound
emission method according to an embodiment of the present
disclosure.

[0019] FIG. 4 is a schematic diagram of emitting a plane
wave according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0020] Reference will now be made in detail to the present
preferred embodiments of the disclosure, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.
[0021] FIG. 11is a block diagram illustrating an ultrasound
apparatus according to an embodiment of the present dis-
closure. Referring to FIG. 1, in the present embodiment of
the present disclosure, the ultrasound apparatus 100 includes
an ultrasound probe 120, a transceiver circuit 140, a switch
module 160 and a processor 180. The switch module 160 is
switched between the ultrasound probe 120 and the trans-
ceiver circuit 140. The processor 180 is connected to the
switch module 160 and the transceiver circuit 140, and
thereby controls the switch module 160 and the transceiver
circuit 140 for the ultrasound emission and detection. In an
embodiment of the disclosure, the ultrasound apparatus 100
may be implemented in an electronic apparatus with com-
putation ability, such as a personal computer, a laptop
computer, a tabular computer, a server and a smart device,
but it is not limited herein.

[0022] In an embodiment of the present disclosure, the
ultrasound probe 120 includes a plurality of transducer
elements, which emits ultrasound waves and receives echoes
of the ultrasound waves. FIG. 2 is a detailed diagram
illustrating an ultrasound apparatus according to an embodi-
ment of the present disclosure. Referring to FIG. 1 and FIG.
2, in the present embodiment, a 1, transducer elements to a
M,, transducer elements TE(1)-TE(M) of the ultrasound
probe 120 are arranged in a line, where M is a positive
number, but the arrangement of the transducer elements
TE()-TE(M) is not limited herein.
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[0023] 1In the present embodiment, every two adjacent
transducer elements, such as the transducer element TE(1)
and the transducer element TE(2), are apart with a distance
1. The distance 1 is determined in accordance with the
design of the ultrasound probe 120, and it could be several
millimeters (mm) or less, though it is not limited herein. By
respectively applying voltages (also called transmission
signals) to the transducer elements TE(1)-TE(M), each of
the transducer elements TE(1)-TE(M) is driven to output
ultrasound beam, and those ultrasound beams are combined
to form a plane wave traveling along a preferred direction.

[0024] After the emission of the ultrasound waves, the 1,
transducer elements to the M, transducer elements TE(1)-
TE(M) of the ultrasound probe 120 are further configured to
listen for echoes that are produced when the emitted ultra-
sound waves are reflected by objects. Reception signals are
generated by the transducer elements TE(1)-TE(M) when
detecting and receiving the echoes.

[0025] Referring to FIG. 1 and FIG. 2, in an embodiment
of the present disclosure, the transceiver circuit 140 includes
a plurality of ultrasound transceivers 142 and a 1, trans-
ceiving channel to a N, transceiving channel CH(1)-CH(N),
where N is a positive integer, and M is a multiple of N. Each
of the ultrasound transceivers 142 may provide several
transceiving channels. In the present embodiment shown in
FIG. 2, the ultrasound transceivers 142 are octal ultrasound
transceivers which respectively provides 8 transceiving
channels CH(1)-CH(8), . . . , CH(N-8)-CH(N). However,
the embodiment is not intended to limit the number of the
transceiving channels for each of the ultrasound transceivers
142. In other embodiments, the each of the ultrasound
transceivers 142 may provide various number of the trans-
ceiving channels.

[0026] In the present embodiment, the 1, transceiving
channel to the N,, transceiving channel CH(1)-CH(N) are
responsible for generating and transmitting transmission
signals to the ultrasound probe 120 under the control of the
processor 180. The transmission signals are the voltage
pulses that applied to the transducer elements TE(1)-TE(M)
of the probe 120. Further, when receiving reception signals
from the ultrasound probe 120 in response to the echoes of
the ultrasound, the 1, transceiving channel to the N, trans-
ceiving channel CH(1)-CH(N) correspondingly transforms
the reception signals to Low-Voltage Differential Signaling
(LVDS) signals, and then send the TVDS signals to the
processor 180.

[0027] Referring to FIG. 1 and FIG. 2, in an embodiment
of the present disclosure, the switch module 160 includes at
least one high voltage (HV) switch 162. In the embodiment,
the high voltage switch 162 may be a multiplexer, however,
the embodiment is not intended to limit the implement of the
high voltage switch 162. Each high voltage switch 162
switches the connections between a portion of the transducer
elements TE(1)-TE(M) and a portion of the transceiving
channels CH(1)-CH(N) For example, the high voltage
switch 162 switches the connection between the transducer
elements TE(1)-TE(L), TE(N+1)-TE(N+L) and the trans-
ceiving channels CH(1)-CH(L), where L is a positive integer
less than N.

[0028] Referring to FIG. 1 and FIG. 2, the processor 180
is a central processing unit (CPU), a programmable micro-
processor, a digital signal processor (DSP), a programmable
controller, an application specific integrated circuit (ASIC),
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a Field-programmable gate array (FPGA) or a program-
mable logic device (PLD), for example, but not limited
thereto.

[0029] In an embodiment of the disclosure, the ultrasound
apparatus 100, for example, further includes a storage unit
(not shown) and an input/output (I/0) interface (not shown).
The storage unit is, for example, a hard disk, a random
access memory (RAM) or a similar device having a storage
function for storing various messages, programs and data.
The /O interface of the ultrasound apparatus 100 is, for
example, a universal serial bus (USB) port, a wireless
communication device or a similar device having a com-
munication function for communicating with other appara-
tuses and devices.

[0030] FIG. 3 is a flowchart illustrating an ultrasound
emission method according to an embodiment of the present
disclosure. In the present embodiment, the ultrasound emis-
sion method is, for example, adapted to the ultrasound
apparatus 100 shown in FIG. 1 and FIG. 2. Referring to FIG.
1, FIG. 2, and FIG. 3, during a scanning period, the switch
module 160 is controlled by the processor 180 to initially
and respectively connect the 1,,-N,, transceiving channels
CH(1)-CH(N) to the 1,-N,, transducer elements TE(1)-TE
(N) (step S310). After the 1,,-N,, transceiving channels
CH(1)-CH(N) are connected to the 1_,-N,, transducer ele-
ments TE(1)-TE(N), the processor 180 controls the trans-
ceiver circuit 140 to generate transmission signals (step
S315) by transmitting control signals to the transceiver
circuit 140. The transmission signals are further sent to the
ultrasound probe 120 from the 1,,-N,, transceiving channels
CH(1)-CH(N) of the transceiver circuit 140 through the
switch module 160.

[0031] In response to the transmission signals from the
1,-N,, transceiving channels CH(1)-CH(N), the ultrasound
beams are successively emitted by the 1_-N,, transducer
elements TE(1)-TE(N) (step $320). It should be noted that,
in an embodiment of the present disclosure, a time delay is
adopted in successively emitting the ultrasound beams. In
other words, every two of the ultrasound beams that are
successively emitted, such as the ultrasound beams emitted
by the 1,, transducer element TE(1) and the 2, ; transducer
element TE(2), are separated in time by an interval.

[0032] FIG. 4 is a schematic diagram of emitting a plane
wave according to an embodiment of the present disclosure.
Referring to FIG. 4, when every two adjacent transducer
elements, such as the 1, transducer element TE(1) and the
2, transducer element TE(2), are apart with a distance 1, for
emitting the plane wave with an incident angle 6, the interval
mentioned above is shown as below.

Interval=1xsin 8/ [0y]

[0033] Itshouldbe noted that, V is a velocity of ultrasound
which is approximately 1540 meters per second (m/s). Thus,
for example, the ultrasound beam emitted by the 2, trans-
ducer element TE(2) is subsequent to the ultrasound beam
emitted by the 1, transducer element TE(1) for one interval
mentioned above in time.

[0034] Referring to FIG. 1 to FIG. 4, after the ultrasound
beam is emitted by the N, transducer element, during the
scanning period, the switch module 160 is controlled by the
processor 180 to respectively connect the 1,-N,, transceiv-
ing channels CH(1)-CH(N) to the (N+1),,-(2N),;, transducer
elements TE(N+1)-TE(2N) (step S330). Then, the processor
180 controls the transceiver circuit 140 to generate the

May 10, 2018

transmission signals (step S335) by transmitting the control
signals to the transceiver circuit 140. The transmission
signals are further sent to the ultrasound probe 120 from the
1.-N,, transceiving channels CH(1)-CH(N) of the trans-
ceiver circuit 140 through the switch module 160, such that
the ultrasound beams are successively emitted by the (N+1)
#-(2N),, transducer elements TE(N+1)-TE(2N) (step S340)
in response to the transmission signals from the 1,-N,,
transceiving channels CH(1)-CH(N).

[0035] In an embodiment of the present disclosure, since
the ultrasound beams that are successively emitted by the
N,,, transducer element TE(N) and the (N+1),, transducer
element TE(N+1) are also separated in time by the interval
mentioned above, operation of the switch module 160 for
respectively connecting the 1,-N,, transceiving channels
CH(1)-CH(N) to the (N+1),-(2N),, transducer elements
TE(N+1)-TE(2N) should be performed during the interval.
In other words, the operation of the switch module 160 for
respectively connecting the 1,-N,, transceiving channels
CH(1)-CH(N) to the (N+1),,-(2N),, transducer elements
TE(N+1)-TE(2N) should be completed before the emission
of the ultrasound beam performed by the (N+1),;, transducer
element TE(N+1).

[0036] Through the ultrasound emission method illus-
trated above, during one single scanning period, the total
number of the emitted ultrasound beams is at least twice of
the number of the transceiving channels CH(1)-CH(N).
Thus, energy of the emission is increased, and the SNR of
the ultrasound plane wave has been raised.

[0037] In an embodiment of the present disclosure, when
M equals to 2N as shown in FIG. 2, after the ultrasound
beam is emitted by the (2N),, transducer element TE(2N),
the processor 180 controls the switch module 160 to respec-
tively connect the 1,-N,, transceiving channels CH(1)-CH
(N) to the 1.N,, transducer elements TE(1)-TE(N) for
detecting echoes of the ultrasound beams in rest of the
scanning period. When the echoes of the ultrasound beams
are detected, the reception signals are generated by the
1N, transducer elements TE(1)-TE(N) and transmitted to
the 1 _-N,, transceiving channels CH(1)-CH(N). The recep-
tion signals are further transferred to LVDS signals by the
transceiver circuit 140, and the LVDS signals are then sent
to the processor 180.

[0038] However, in another embodiment of the present
disclosure, when M equals to 3N, the processor 180 controls
switch module 160 to connect the 1_,-N,, transceiving chan-
nels CH(1)-CH(N) to the 1,-N,, transducer elements, the
(N+1),,-(2N),, transducer elements, and the (2N+1)_-(3N),,
transducer elements in serial. After the ultrasound beam is
emitted by the (3N),, transducer element, the processor 180
controls the switch module 160 to respectively connect the
1,-N,, transceiving channels CH(1)-CH(N) to the 1,,-N,,
transducer elements TE(1)-TE(N) for detecting echoes of
the ultrasound beams in rest of the scanning period.

[0039] In the present disclosure, the numbers and the
relationship of M and N may be varied. However, from the
above description, the corresponding operation of the ultra-
sound apparatus 100 and the ultrasound emission method
could still be deduced even when M and N are changed, so
those are not illustrated herein.

[0040] A design of the ultrasound apparatus 100 in an
embodiment of the present disclosure is provided below. In
this embodiment, M is 128, N is 64, so the number of the
transducer elements is twice of the number of the transceiv-
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ing channels. Further, if the number of the high voltage
switch 162 is 4, then L is 16. One single scanning period
may be 200 microseconds (us), and ultrasound emission
performed by all the transducer elements TE(1)-TE(M) may
only cost a few microseconds (us). However, it should be
noted that, the design of the ultrasound apparatus 100 may
be varied in corresponding to the practical requirement on
the ultrasound detection.

[0041] In summary, in the ultrasound apparatus and the
ultrasound emission method, through the operation of the
switch module, the total number of the emitted ultrasound
beams during a single scanning period is at least twice of the
number of the transceiving channels. Thus, energy of the
emission is increased, so the Signal-to-Noise Ratio (SNR)
has been raised, such that the ultrasound detection is more
precise and accurate, and the quality of the ultrasound image
is also improved. Further, the total cycle time for a succeed
scanning could be shortened, so as to lower the power
consumption on ultrasound detection.

[0042] It will be apparent to those skilled in the art that
various modifications and variations can be made 1o the
structure of the disclosure without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this invention provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:
1. An ultrasound apparatus, comprising:

an ultrasound probe, having a 1, transducer element to a
M,, transducer element for respectively emitting ultra-
sound beams to form a plane wave, where M is a
positive integer;

a transceiver circuit, having a 1, transceiving channel to
a N,, transceiving channel, where N is a positive
integer, and M is a multiple of N;

a switch module, switched between the ultrasound probe
and the transceiver circuit; and

a processor, controlling the switch module and the trans-
ceiver circuit, wherein during a scanning period, the
processor controls the switch module to initially and
respectively connect the 1,,-N,, transceiving channels
to the 1 -N, transducer elements and controls the
transceiver circuit to generate transmission signals,
such that the 1,-N,, transducer elements successively
emit the ultrasound beams through the 1_-N,, trans-
ceiving channels in response to the transmission sig-
nals, and after the ultrasound beam is emitted by the N,
transducer element, the processor controls the switch
module to respectively connect the 1_-N,, transceiving
channels to the (N+1),,-(2N),, transducer elements and
controls the transceiver circuit to generate the trans-
mission signals, such that the (N+1),,-(2N),, transducer
elements successively emit the ultrasound beams in
response to the transmission signals from the 1_-N,,
transceiving channels.

2. The ultrasound apparatus according to claim 1, wherein
every two of the ultrasound beams that are successively
emitted are separated in time by an interval.

3. The ultrasound apparatus according to claim 2, wherein
operation of the switch module as to respectively connect
the 1,-N,, transceiving channels to the (N+1),,-(2N),,, trans-
ducer elements is performed during the interval.
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4. The ultrasound apparatus according to claim 2, wherein
when every two adjacent transducer elements are apart with
a distance 1, for emitting the plane wave with an incident
angle 8, the interval is:

interval=1x sin 6/V,

wherein V is a velocity of ultrasound.

5. The ultrasound apparatus according to claim 1, wherein
when M equals to 2N, after the ultrasound beam is emitted
by the (2N),,, transducer element, the processor controls the
switch module to respectively connect the 1,,-N,, transceiv-
ing channels to the 1_-N,, transducer elements for detecting
echoes of the ultrasound beams in rest of the scanning
period,

when the echoes of the ultrasound beams are detected,

reception signals are generated by the 1,-N,, trans-
ducer elements and transmitted to the 1_-N,, transceiv-
ing channels, the reception signals are further trans-
ferred to Low-Voltage Differential Signaling (LVDS)
signals by the transceiver circuit, and the LVDS signals
are then sent to the processor.

6. The ultrasound apparatus according to claim 1, wherein
the switch module comprises at least one high voltage
switch, and each of the at least one high voltage switch is
switched between a portion of the transducer elements and
a portion of the transceiving channels.

7. An ultrasound emission method, adapted to an ultra-
sound apparatus for emitting a plane wave during a scanning
period, the ultrasound apparatus has an ultrasound probe, a
transceiver circuit and a switch module switched between
the ultrasound probe and the transceiver circuit, the ultra-
sound probe has a 1, transducer element to a M, transducer
element for respectively emitting ultrasound beams to form
the plane wave, the transceiver circuit has a 1, transceiving
channel to a N, transceiving channel, M, N are positive
integers, and M is a multiple of N, the method comprising:

controlling the switch module to initially and respectively
connect the 1,-N,, transceiving channels to the 1_,-N,,
transducer elements;

controlling the transceiver circuit to generate transmission
signals;

successively emitting the ultrasound beams by the 1_,-N,,
transducer elements through the 1,-N,, transceiving
channels in response to the transmission signals;

after the ultrasound beam is emitted by the N, transducer
element,

controlling the switch module to respectively connect the
1,-N,, transceiving channels to the (N+1),-(2N),
transducer elements;

controlling the transceiver circuit to generate the trans-
mission signals; and

successively emitting the ultrasound beams by the (N+1)
4-(2N),,, transducer elements in response to the trans-
mission signals from the 1,,-N,, transceiving channels.

8. The method according to claim 7, wherein every two of
the ultrasound beams that are successively emitted are
separated in time by an interval.

9. The method according to claim 8, wherein step of
controlling the switch module to respectively connect the
1,-N,, transceiving channels to the (N+1),,-(2N),, trans-
ducer elements is performed during the interval.



US 2018/0125454 Al

10. The method according to claim 8, wherein when every
two adjacent transducer elements are apart with a distance 1,
for emitting the plane wave with an incident angle 9, the
interval is:

interval=1xsin 6/V,

wherein V is a velocity of ultrasound.

11. The method according to claim 7, further comprising:

when M equals to 2N, after the ultrasound beam is emitted
by the (2N),,, transducer element, controlling the switch
module to respectively connect the 1_-N,, transceiving
channels to the 1,,-N,, transducer elements; and

detecting echoes of the ultrasound beams in rest of the
scanning period.
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