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ULTRASONIC IMAGE APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of a Korean patent application filed on Dec. 21,
2015 in the Korean Intellectual Property Office and assigned
Serial number 10-2015-0186732, the entire disclosure of
which is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an ultrasonic
image apparatus and a control method thereof. More par-
ticularly, the present disclosure relates to an ultrasonic image
apparatus and a control method thereof, which can ensure
the reliability of a transducer used in taking an ultrasonic
image.

BACKGROUND

[0003] With the development of electronic technology, the
application of electronic technology has been gradually
extended into the field of medical and health care. In
particular, there has been the creation and use of an ultra-
sonic device as a device for medical and clinical diagnosis.
[0004] The ultrasonic device typically employs a trans-
ducer to capture an image of a diagnostic region. In the case
of a matrix-array transducer used for taking a finer ultrasonic
image, the number of arrays may be up to 100 times greater
than that of a general transducer and therefore, the trans-
ducer is more likely to be defective due to a manufacturing
process, a process of connecting with an application-specific
integrated circuit (ASIC), or similar complicated processes,
in regard to the larger number of arrays.

[0005] Ifthe transducer is defective, it causes problems of
not only low performance, but also overheating that endan-
gers safety. Such overheating generally occurs when the
transducer is broken and experiences a short circuit, thereby
damaging the entire ultrasonic device. Further, overheating
may lead to safety problems since the ultrasonic device is a
medical apparatus typically used directly touching a skin
surface.

[0006] Therefore, there is a need for detecting whether an
individual transducer is detective in early stages, and prior
to use of the matrix-array transducer such as on a skin
surface.

[0007] The above information is presented as background
information only, and to assist with an understanding of the
present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be
applicable as prior art with regard to the present disclosure.

SUMMARY

[0008] Aspects of the present disclosure are provided to
address at least the above-mentioned problems and/or dis-
advantages, and to provide at least the advantages described
below. Accordingly, an aspect of the present disclosure is to
provide an ultrasonic image apparatus and a control method
thereof, which can detect whether any of a plurality of
transducers used therein is defective.

[0009] Another aspect of the present disclosure is to
provide an ultrasonic image apparatus and a control method
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thereof, which can selectively inactivate a defective trans-
ducer among the plurality of transducers used therein to
ensure safety.

[0010] Another aspect of the present disclosure is to
provide an ultrasonic image apparatus and a control method
thereof, which can output a common voltage to a defective
transducer among the plurality of transducers used therein,
thereby preventing decreased image quality.

[0011] In accordance with an aspect of the present disclo-
sure, an ultrasonic image apparatus is provided. The ultra-
sonic image apparatus includes a plurality of transducers
configured to output an ultrasonic signal and receive a
feedback signal, a driver comprising a plurality of driving
circuits respectively connected to the plurality of transduc-
ers, each driving circuit configured to output the ultrasonic
signal and receive the feedback signal, a detection circuit
respectively corresponding to the plurality of driving cir-
cuits, the detection circuit configured to detect whether any
of the plurality of transducers is defective, and at least one
processor configured to control the driving circuit to stop
operations corresponding to at least one defective transducer
among the plurality of transducers based on a defect detec-
tion result from the detection circuit with regard to the
plurality of transducers.

[0012] According to an embodiment, it is possible to
ensure reliability of the transducer since there is a determi-
nation whether any of the plurality of transducers is defec-
tive before the ultrasonic measurement. Further, an applica-
tion specific integrated circuit (ASIC) corresponding to a
defective transducer among the plurality of transducers is
inactivated before the ultrasonic measurement, thereby
ensuring safety.

[0013] The detection circuit may detect whether any of the
plurality of transducers is defective based on whether a
voltage passed through one or more of the plurality of
transducers is out of a preset range. Thus, it is possible to
determine whether any of the plurality of transducers is
defective in accordance with whether there is a voltage drop.
[0014] The detection circuit may include a low-voltage
current source and a comparator. Thus, it is possible to detect
whether any of the plurality of transducers is defective at a
low voltage, and it is possible to detect a defect in accor-
dance with whether there is an abnormal voltage drop as
compared with a preset voltage.

[0015] The at least one processor may be configured to
control the detection circuit to stop operations corresponding
to a transducer of which a defect detection is completed,
among the plurality of transducers. Thus, the detection
circuit is inactivated after detecting whether any of the
plurality of transducers is defective.

[0016] The ultrasonic image apparatus may further
include a voltage setting circuit corresponding to each of the
plurality of driving circuits, wherein the voltage setting
circuit is configured to output a voltage having a preset level
corresponding to at least one transducer detected as defec-
tive by the detection circuit. Thus, a common voltage is
output to the defective transducer, thereby preventing dete-
rioration of image quality.

[0017] The voltage setting circuit may include a switch for
selectively controlling an output of a voltage having a preset
level. Thus, it is possible to control the switch to output the
common voltage to the defective transducer.

[0018] The at least one processor may be configured to
control a supply of power based on a proportion of driving
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circuits stopped in accordance with defect detection results
from the detection circuit, among the plurality of driving
circuits. Thus, if a proportion of transducers detected as
defective among the plurality of transducers is high, the
apparatus is automatically turned off.

[0019] The ultrasonic image apparatus may further
include a display. and the at least one processor may be
configured to control the display to display a defect detec-
tion result from the detection circuit with regard to each of
the plurality of transducers. Thus, a defect detection result in
each of the plurality of transducers is displayed on a screen
so that a user can be informed of the result.

[0020] The ultrasonic image apparatus may further
include a communicator for connecting with a display
apparatus, wherein the at least one processor may be con-
figured to control the communicator to transmit a defect
detection result from the detection circuit with regard to
each of the plurality of transducers to the display apparatus.
Thus, a defect detection result in each of the plurality of
transducers is transmitted to a connected display apparatus
so that a user can be informed of the result.

[0021] The detection circuit may be provided as a single
circuit corresponding to the plurality of driving circuits, and
may connect with each of the plurality of driving circuits in
sequence to detect whether the plurality of transducers is
defective. Thus, a single detection circuit provided in com-
mon with regard to the plurality of transducers is used to
sequentially detect whether any of the plurality of transduc-
ers is defective.

[0022] Any one or more of the plurality of driving circuits
itself may be used to detect whether any of the plurality of
transducers is defective. Thus, without any separate detec-
tion circuit, the plurality of ASICs corresponding to the
plurality of transducers is provided with an element for
detecting a defect, thereby detecting whether any transducer
is defective.

[0023] The plurality of driving circuits may include a
comparator for detecting whether any of the plurality of
transducers is defective. Thus, if any separate detection
circuit is not provided, a defect can be detected by the ASIC
in accordance with whether there is a voltage drop as
compared with a preset voltage with respect to each trans-
ducer.

[0024] In accordance with another aspect of the present
disclosure, a method of controlling an ultrasonic image
apparatus is provided. The method includes detecting
whether any of a plurality of transducers is defective through
a detection circuit provided in each of a plurality of driving
circuits respectively connected to the plurality of transduc-
ers, each driving circuit configured to output an ultrasonic
signal and receive a feedback signal, and stopping an
operation of a driving circuit corresponding to at least one
defective transducer among the plurality of transducers
based on a defect detection result from the detection circuit
with regard to the plurality of transducers.

[0025] According to an embodiment, it is possible to
ensure reliability of the transducer since there is a determi-
nation whether any of the plurality of transducers is defec-
tive before ultrasonic measurement. Further, an ASIC cor-
responding to a defective transducer among the plurality of
transducers is inactivated before ultrasonic measurement,
thereby ensuring safety.

[0026] The detecting of whether any of a plurality of
transducers is defective may include detecting whether any
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of the plurality of transducers is defective based on whether
a voltage passed through one or more of the plurality of
transducers is out of a preset range. Thus, it is possible to
determine whether any of the plurality of transducers is
defective in accordance with whether there is a voltage drop.
[0027] The detection circuit may include a low-voltage
current source and a comparator. Thus, it is possible to detect
whether any of the plurality of transducers is defective at a
low voltage, and it is possible to detect a defect in accor-
dance with whether there is an abnormal voltage drop as
compared with a preset voltage.

[0028] The method may further include stopping an opera-
tion of the detection circuit corresponding to a transducer of
which a defect detection is completed, among the plurality
of transducers. Thus, the detection circuit is inactivated after
detecting whether any of the plurality of transducers is
defective.

[0029] The stopping of the operation of the driving circuit
may include outputting a voltage having a preset level
corresponding to at least one transducer detected as defec-
tive in the detection circuit, by a voltage setting circuit
provided corresponding to each of the plurality of driving
circuits. Thus, a common voltage is output to the defective
transducer, thereby preventing deterioration of image qual-
ity.

[0030] The voltage setting circuit may include a switch for
selectively controlling an output of a voltage having a preset
level. Thus, it is possible to control the switch to output the
common voltage to the defective transducer.

[0031] The method may further include controlling a
supply of power based on a proportion of driving circuits
stopped in accordance with defect detection results from the
detection circuit, among the plurality of driving circuits.
Thus, if a proportion of transducers detected as defective
among the plurality of transducers is high, the apparatus is
automatically turned off.

[0032] The method may further include displaying a
defect detection result from the detection circuit with regard
to each of the plurality of transducers. Thus, a defect
detection result in each of the plurality of transducers is
displayed on a screen so that a user can be informed of the
result.

[0033] The method may further include transmitting a
defect detection result from the detection circuit with regard
to each of the plurality of transducers to a display apparatus.
Thus, a defect detection result in each of the plurality of
transducers is transmitted to a connected display apparatus
so that a user can be informed of the result.

[0034] The method may further include detecting whether
the plurality of transducers is defective by connecting the
detection circuit with each of the plurality of driving circuits
in sequence, wherein the detection circuit is provided as a
single circuit corresponding to the plurality of driving cir-
cuits. Thus, a single detection circuit provided in common
with regard to the plurality of transducers is used to sequen-
tially detect whether any of the plurality of transducers is
defective.

[0035] The method may further include detecting whether
any of the plurality of transducers is defective by using one
or more of the plurality of driving circuits itself. Thus,
without any separate detection circuit, the plurality of ASICs
corresponding to the plurality of transducers is provided
with an element for detecting a defect, thereby detecting
whether any transducer is defective.
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[0036] The plurality of driving circuits may include a
comparator for detecting whether any of the plurality of
transducers is defective. Thus, if any separate detection
circuit is not provided, a defect can be detected by the ASIC
in accordance with whether there is a voltage drop as
compared with a preset voltage with respect to each trans-
ducer.

[0037] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in
conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and/or other aspects, features and
advantages of certain embodiments of the present disclosure
will be more apparent from the following description taken
in conjunction with the accompanying drawings, in which:
[0039] FIG. 1 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure;

[0040] FIG. 2 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure;

[0041] FIG. 3 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure;

[0042] FIG. 4 illustrates a structure of an application-
specific integrated circuit (ASIC) with respect to an indi-
vidual transducer according to an embodiment of the present
disclosure;

[0043] FIG. § illustrates a structure of an ASIC with
respect to an individual transducer according to an embodi-
ment of the present disclosure;

[0044] FIG. 6 illustrates a structure of an ASIC with
respect to an individual transducer according to an embodi-
ment of the present disclosure;

[0045] FIG. 7illustrates an operation for detecting a defect
in a one-dimensional matrix-array transducer according to
an embodiment of the present disclosure;

[0046] FIG. 8 illustrates an operation for detecting a defect
in a two-dimensional matrix-array transducer according to
an embodiment of the present disclosure;

[0047] FIG. 9 shows results from detecting a defect in a
one-dimensional matrix-array transducer according to an
embodiment of the present disclosure;

[0048] FIG. 10 shows results from detecting a defect in a
two-dimensional matrix-array transducer according to an
embodiment of the present disclosure;

[0049] FIG. 11 illustrates an operation for detecting a
defect in each of the plurality of transducers through a
common defect detecting circuit according to an embodi-
ment of the present disclosure;

[0050] FIG. 12 illustrates a case where defective trans-
ducers are widely dispersed according to an embodiment of
the present disclosure;

[0051] FIG. 13 illustrates a case where defective trans-
ducers are densely concentrated in a certain area according
to an embodiment of the present disclosure;

[0052] FIG. 14 illustrates a defective piezoelectric (PZT)
transducer according to an embodiment of the present dis-
closure;
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[0053] FIG. 15 is a flowchart of a process of protecting a
plurality of transducers according to an embodiment of the
present disclosure;

[0054] FIG. 16 is a flowchart of a defect detecting process
with regard to an individual transducer according to an
embodiment of the present disclosure;

[0055] FIG. 17 is a flowchart of a method of controlling an
ultrasonic image apparatus according to an embodiment of
the present disclosure; and

[0056] FIG. 18 is a flowchart of a method of controlling an
ultrasonic image apparatus according to an embodiment of
the present disclosure.

[0057] Throughout the drawings, like reference numerals
will be understood to refer to like parts, components, and
structures.

DETAILED DESCRIPTION

[0058] The following description with reference to the
accompanying drawings is provided to assist in a compre-
hensive understanding of various embodiments of the pres-
ent disclosure as defined by the claims and their equivalents.
It includes various specific details to assist in that under-
standing, but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the various
embodiments described herein can be made without depart-
ing from the spirit and scope of the present disclosure. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0059] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but are merely used to enable a clear and consistent
understanding of the present disclosure. Accordingly, it
should be apparent to those skilled in the art that the
following description of various embodiments of the present
disclosure is provided for illustration purposes only, and not
for the purpose of limiting the present disclosure as defined
by the appended claims and their equivalents.

[0060] It is to be understood that the singular forms “a,”
“an,” and “the”, include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of
such surfaces.

[0061] Below, elements included in an ultrasonic image
apparatus according to an embodiment will be described in
detail starting with reference to FIG. 1.

[0062] FIG. 1 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure.

[0063] Referring to FIG. 1, an ultrasonic image apparatus
10 according to an embodiment includes a power supply 11,
a driver 12, a plurality of transducers 13, a controller 14, a
detection circuit 151, a voltage setting circuit 152, a beam-
former 16, an image processor 17 and a communicator 18.
The driver 12 includes a pulser 121 and a receiver 122.
According to an embodiment, the ultrasonic image appara-
tus 10 may communicate with an external display apparatus
200 or other device or system through the communicator 18.
[0064] According to an embodiment, the ultrasonic image
apparatus 10 may further include a light source (not shown).
For example, the light source may include at least one light
source that emits light having a certain wavelength. Alter-
natively, the light source may include a plurality of light
sources that emit light of different wavelengths. The wave-
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length of the light emitted from the light source may be
selected in consideration of a target within an object. Such
a light source may be achieved by using a semiconductor
laser, a light emitting diode (LED), a solid laser, a gas laser,
optical fiber, or some combination thereof.

[0065] According to an embodiment, the elements
included in the ultrasonic image apparatus 10 are not limited
to the foregoing description, but may include other addi-
tional elements or elements in various combinations, or may
exclude some elements.

[0066] According to an embodiment, the ultrasonic image
apparatus 10 refers to a medical apparatus which transmits
an ultrasonic signal from a body surface of an object toward
predetermined tissue inside the body, and takes a tomogram
of the tissue inside the body or an image of blood flow based
on information from an ultrasonic feedback signal reflected
from the tissue inside the body. In detail, when the ultrasonic
image apparatus 10 transmits ultrasonic waves having fre-
quencies of several MHz to hundreds of MHz to a certain
region inside a patient’s body, the ultrasonic waves are
partially reflected from layers between various tissues. The
ultrasonic waves are also detectably reflected from anatomi-
cal objects inside the body, which are different in density, for
example, from blood cells in blood plasma, small tissues in
organs, and so forth.

[0067] According to an embodiment, the ultrasonic image
apparatus 10 may be achieved in various forms. For
example, the ultrasonic image apparatus 10 may be a mobile
terminal or a stationary terminal. If the ultrasonic image
apparatus 10 is achieved by using a mobile terminal, an
ultrasonic image generated by the ultrasonic image appara-
tus 10 is transmitted to the connected display apparatus 200
so that the display apparatus can display the ultrasonic
image. The connected display apparatus 200 may be
achieved by using for example, a smart phone, a tablet
computer, a smart television (TV), a desktop computer, a
laptop computer, a personal digital assistant (PDA), and the
like.

[0068] According to an embodiment, the ultrasonic image
apparatus 10 may also exchange medical image data with a
hospital server or other medial apparatuses in a hospital,
connected through a picture archiving and communication
system (PACS). Further, the ultrasonic image apparatus 10
may perform data communication with a server or the like,
in accordance with digital imaging and communications in
medicine (DICOM).

[0069] According to an embodiment, the display apparatus
200 connected to the ultrasonic image apparatus 10 may
include a touch screen or similar feature. The touch screen
may be configured to detect a position of a touch input, an
area of a touch input, and the touch input. Further, the touch
screen may be configured to detect not only a real touch or
touches, but also a proximity or hovering touch or touches.
A real touch describes a touch where the touch screen is
actually touched with a user’s body (e.g. a finger) or a touch
pen provided as a touch tool (e.g. a pointing device, a stylus,
a haptic pen, an electronic pen, or the like). A proximity or
hovering touch describes a touch where a user’s body or a
touch tool does not actually touch the touch screen, but is
within a predetermined or detectable distance (e.g. 30 mm or
shorter) from the touch screen.

[0070] In the ultrasonic image apparatus 10 according to
an embodiment, the driver 12 is connected to each of the
plurality of transducers 13 and performs operations for
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outputting an ultrasonic signal and receiving a feedback
signal, and a detection circuit 151 provided in each of a
plurality of driving circuits detects whether any of the
plurality of transducers 13 is defective. The ultrasonic image
apparatus 10 stops the operations of the driving circuit
corresponding to at least one defective transducer among the
plurality of transducers 13 based on the defect detection
results from the detection circuit 151 with regard to the
plurality of transducers 13.

[0071] According to an embodiment, there is a determi-
nation whether any of the plurality of transducers 13 is
defective or not before the ultrasonic measurement, thereby
ensuring the reliability of the transducer. Further, the defec-
tive transducer among the plurality of transducers 13 is
inactivated before the ultrasonic measurement to thereby
ensure safety.

[0072] According to an embodiment, the ultrasonic image
apparatus 10 includes the plurality of transducers 13 pro-
vided in a form of a matrix-array, but embodiments are not
limited thereto. For example, the plurality of transducers 13
may be provided in the form of a one-dimensional or a
two-dimensional matrix-array.

[0073] The plurality of transducers 13 output an ultrasonic
wave for diagnosing an object 19. Specifically, the plurality
of transducers 13 are placed in contact with the object 19,
output an ultrasonic signal to the object 19, and receive an
ultrasonic feedback signal reflected from the object 19.
[0074] According to an embodiment, the plurality of trans-
ducers 13 may be achieved by using a piezoelectric (PZT)
transducer including a plurality of piezoelectric devices, but
embodiments are not limited thereto. The plurality of piezo-
electric devices may be formed by dividing a piezoelectric
material into a plurality of parts. For example, the piezo-
electric device may be manufactured by dicing a piezoelec-
tric material, pressing the piezoelectric material against a
metal mold, or using various other methods as known to
those skilled in the art. The piezoelectric material may
include piezoelectric ceramic, single crystal, or composite
piezoelectric materials that consist of this material and a
polymer, which causes a piezoelectric phenomenon.
[0075] The plurality of transducers 13 may have a linear
array or a convex array, but embodiments are not limited
thereto. Further, the plurality of transducers 13 may have a
phased array of duplex-layers, double layers or multi-layers.
The array of the plurality of transducers 13 may vary
depending on a designer’s intention, and a cover may be
provided over the arrayed transducers and cover one or more
of the plurality of transducers 13.

[0076] According to an embodiment, the plurality of trans-
ducers 13 may be achieved by using various kinds of
ultrasonic transducers such as a piezoelectric ultrasonic
transducer that uses a piezoelectric effect of a piezoelectric
material, a capacitive micromachined ultrasonic transducer
(¢cMUT) that makes a transformation between ultrasonic
waves and an electric signal based on variations in electro-
static capacity, a magnetic micromachined ultrasonic trans-
ducer (mMUT) that makes a transformation between ultra-
sonic waves and an electric signal based on variations in
magnetic field, an optical ultrasonic detector that makes a
transformation between ultrasonic waves and an electric
signal based on variations in optical characteristics, and the
like.

[0077] Ifthe plurality of transducers 13 is one-dimension-
ally arrayed on a plane perpendicular to a traveling direction
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of the ultrasonic waves, it is called a one-dimensional
transducer array. The one-dimensional transducer array may
include the linear array or the convex array. The one-
dimensional transducer array has an advantage of low cost
since it is easily manufactured.

[0078] Ifthe plurality of transducers 13 is two-dimension-
ally arrayed on a plane perpendicular to a traveling direction
of the ultrasonic waves, it is called a two-dimensional
transducer array. The two-dimensional transducer array may
also include the linear array or the convex array. The
two-dimensional transducer array properly delays input time
of signals respectively input thereto, so that the ultrasonic
waves can be sent to the object 19 along an external scan
line. It is then possible to obtain a three-dimensional image
based on a plurality of feedback signals. Therefore, it is
easier for the two-dimensional transducer array to make a
3D image.

[0079] The plurality of transducers 13 generate an ultra-
sonic signal in response to a control signal, and emit the
generated ultrasonic signal into the object 19. Further, the
plurality of transducers 13 receive, i.e. detect, a feedback
signal of the ultrasonic waves reflected from certain tissue
(e.g. a lesion) inside the object 19. Such reflected ultrasonic
waves make the plurality of transducers 13 oscillate, and the
plurality of transducers 13 output electrical pulses corre-
sponding to the oscillations. The ultrasonic image apparatus
10 generates an ultrasonic image signal based on the output
electrical pulses, and processes the ultrasonic image signal
so that an ultrasonic image can be displayed through the
display apparatus 200 connected to the ultrasonic image
apparatus 10. If anatomical tissues in the object 19 have
different ultrasonic wave reflection characteristics, the ana-
tomical tissues are displayed differently, such as with dif-
ferent brightness levels for example, while displaying an
ultrasonic image in a brightness (B) mode.

[0080] The driver 12 includes a plurality of driving cir-
cuits respectively connected to the plurality of transducers
13 for driving the plurality of transducers 13 to output an
ultrasonic signal and receive a feedback signal. The driver
12 includes the pulser 121 and the receiver 122 to exchange
signals with the plurality of transducers 13. The pulser 121
transmits a pulse to each of the plurality of transducers 13 to
output ultrasonic signals, and the receiver 122 receives a
feedback signal from each of the plurality of transducers 13
with respect to the pulses.

[0081] According to an embodiment, the driver 12 may be
achieved by using an analog front-end (AFE) where the
pulser 121 and the receiver 122 are combined. Alternatively,
the driver 12 may be achieved where the pulser 121 and the
receiver 122 are separated. Thus, the driver 12 according to
an embodiment may perform the respective operations of the
pulser 121 and the receiver 122 regardless of whether the
pulser 121 and the receiver 122 are physically separated.
[0082] The pulser 121 transmits an electric signal, i.e. a
pulse, to the plurality of transducers 13. When the pulser 121
transmits the pulses to the plurality of transducers 13, the
plurality of transducers 13 output an ultrasonic wave corre-
sponding to the pulse to the object 19. The transducer 13
then transmits an electric signal, which is converted from the
feedback signal of the ultrasonic waves received from the
object 19, to the receiver 122. That is, the receiver 122
receives the electric signal of the feedback signal of the
ultrasonic waves corresponding to the transmitted pulse
from the plurality of transducers 13.
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[0083] According to an embodiment, the driver 12
includes a multi-channel transceiver to transmit and receive
signals through a plurality of channels. For example, the
driver 12 may be achieved by using an application specific
integrated circuit (ASIC) such as a 64-CH transceiver, a
128-CH transceiver, and the like. The ASIC refers to an
integrated circuit customized for a user’s specific purpose.
According to an embodiment, the ASIC may also serve as an
AFE.

[0084] According to an embodiment, the pulser 121 and
the receiver 122 included in the driver 12 may be achieved
by using a single ASIC. Alternatively, the pulser 121 and the
receiver 122 may be respectively achieved by using separate
ASICs.

[0085] The power supply 11 supplies power to the driver
12. The power supply includes a power receiver (not shown)
for receiving source power, a rectifier/smoother (not shown)
for rectifying and smoothing the received source power, and
a power transformer (not shown) for transforming a level of
the power output from the rectifier/smoother and supplying
it to the driver 12.

[0086] According to an embodiment, the power receiver
may receive source power from a battery accommodated
inside the ultrasonic image apparatus 10. Alternatively, the
power receiver may receive source power from an external
power supply (not shown). In this case, the power receiver
may receive source power from the external power supply
through a connector (not shown).

[0087] According to an embodiment, the power receiver
may further include a power filter for filtering the source
power to remove noise.

[0088] According to an embodiment, the rectifier/
smoother rectifies and smoothes the source power received
in and filtered by the power receiver. The rectifier/smoother
also rectifies a current output from the power receiver,
thereby converting alternating current (AC) into direct cur-
rent (DC). The rectifier/smoother may include a bridge diode
to rectify the current.

[0089] The rectifier/smoother may include a smoothing
capacitor for smoothing DC voltage output as the current
output from the power receiver is rectified. The rectifier/
smoother boosts the voltage charged in the smoothing
capacitor and thus, improves a power factor of the power
supply 11.

[0090] According to an embodiment, the power trans-
former transforms the level of the voltage output from the
rectifier/smoother and supplies the power to the driver 12. At
this time, the power transformer may also supply power to
the pulser 121 and the receiver 122, respectively.

[0091] The power transformer may, for example, include
a DC-DC converter that transforms the level of the DC
voltage output from the rectifier/smoother and outputs a DC
voltage having a different level.

[0092] The beam-former 16 may perform beam forming
so that an ultrasonic signal output through the plurality of
transducers 13 can be focused on a focusing point based on
at least one of a depth, a size and/or a position of the
focusing point. According to an embodiment, the beam-
former 16 may further perform pre-processing, e.g. a gain
control or the like, to create an ultrasonic image in the image
processor 17.

[0093] The image processor 17 generates an ultrasonic
image signal based on the feedback signal received through
the plurality of transducers 13. According to an embodiment,
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the image processor 17 may support a plurality of modes,
and generate an ultrasonic image corresponding to each
mode.

[0094] The kind of ultrasonic image may be classified into
a brightness (B) mode image in which a level of an ultra-
sonic feedback signal reflected from an object is represented
with brightness, a Doppler mode image in which an image
of a moving object is represented in the form of spectrums
based on Doppler effect, a motion (M) mode image which
shows a motion of an object at a certain position over an
elapsed time, an elastic mode image which shows an image
corresponding to difference in reaction between when an
object is pressed and when the object is not pressed, a color
(C) mode image in which a speed of a moving object is
represented with colors based on Doppler effect, and so
forth. Further, the kind of ultrasonic image may be classified
into 1D (dimensional), 2D, 3D and 4D mode images,
according to display dimensions.

[0095] According to an embodiment, the ultrasonic image
apparatus 10 may further include a storage (not shown). The
storage, which can be a memory provided inside the ultra-
sonic image apparatus 10, may be achieved by using a
nonvolatile storage medium such as a flash-memory. The
storage stores ultrasonic image data generated in the image
processor 17 and data related to the ultrasonic image. The
data to be stored in the storage is not limited to this
embodiment, and may include all data related to generation,
output and management of the ultrasonic image.

[0096] The communicator 18 communicates with the
external display apparatus 200. For example, the commu-
nicator 18 may use a wireless communication method such
as Wi-Fi, Bluetooth, and the like, to communicate with the
external display apparatus 200. For example, an ultrasonic
image signal generated in the image processor 17 may be
transmitted to the external display apparatus 200 through the
communicator 18. Thus, an ultrasonic image generated by
diagnosis of the object 19 in the ultrasonic image apparatus
10 is displayable through a smart phone, a tablet computer,
or the like, as the connected display apparatus.

[0097] The detection circuit 151 is provided correspond-
ing to each of the plurality of driving circuits that belong to
the driver 12, and detects whether any of the plurality of
transducers 13 is defective. The detection circuit 151 may be
automatically activated when the ultrasonic image apparatus
10 is turned on or when activated by a user command. The
detection circuit 151 detects a defect with regard to the
plurality of transducers 13 before the plurality of transducers
13 start the ultrasonic measurement. That is, the detection
circuit 151 is automatically activated to detect a defect
before the plurality of driving circuits provided in the driver
12 output an ultrasonic signal to each of the plurality of
transducers 13 and receive a feedback signal. Thus, the
ultrasonic image apparatus 10 according to an embodiment
detects whether there is a defective transducer among the
plurality of transducers 13 before starting the ultrasonic
measurement, thereby taking action with regard to the
defective transducer or determining whether to use the
apparatus 10.

[0098] According to an embodiment, the detection circuit
151 detects whether any of the plurality of transducers 13 is
defective or not based on whether a voltage passed through
one or more of the plurality of transducers 13 is out of a
preset range. For example, the detection circuit 151 may
detect whether a voltage drop occurs as compared with a
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preset voltage while an electric current of a current source
passes through each of the plurality of transducers 13. At this
time, the detection circuit 151 may determine that a corre-
sponding transducer 13 is defective if the reduced voltage is
lower than the preset voltage, and output a logic value of “1°.
The detection circuit 151 may determine that a correspond-
ing transducer 13 is normal if there are no voltage drops, and
output a logic value of ‘0.

[0099] According to an embodiment, the detection circuit
151 may include a low-voltage current source and a com-
parator, but embodiments are not limited thereto. For
example, as shown in FIG. 4, a detection circuit 451 may use
a low voltage direct current (VDC) to detect whether an
individual transducer 43 is defective.

[0100] FIG. 4 illustrates a structure of an application-
specific integrated circuit (ASIC) with respect to an indi-
vidual transducer according to an embodiment of the present
disclosure.

[0101] Referring to FIG. 4, the detection circuit 451 can
more stably detect a defect when using a low voltage instead
of using a high voltage. If the transducer 43 is defective, not
only is the corresponding transducer 43 influenced by high
voltage when the high voltage is applied thereto, but also the
neighboring transducers are influenced by the high voltage
when the high voltage is applied thereto. However, an
applied low voltage can minimize this influence. Further, if
a low voltage is used, a small area is sufficient to mount a
plurality of devices such as a transistor, a resistor, and so
forth that are used for the detection circuit 451, and is thus
advantageous when forming the ASIC.

[0102] Referring to FIGS. 1 and 4, the detection circuit
151 may include a comparator for comparing voltages
respectively passing through one or more of the plurality of
transducers 13 with the preset voltage. In FIG. 4, a com-
parator 4511 may generate a flag value based on results from
the comparison with the preset voltage reference (VREF).
The comparator 4511 outputs ‘1’ as the flag value of the
transducer 43 if the voltage passing through the transducer
43 drops below the preset voltage VREF, and outputs ‘0’ as
the flag value if the voltage does not drop below the preset
voltage VREF.

[0103] According to an embodiment, the voltage setting
circuit 152 may be further provided corresponding to each of
the plurality of driving circuits of the driver 12, and output
a voltage having a preset level corresponding to at least one
transducer detected as defective by the detection circuit 151.
Further, the voltage setting circuit 152 may include a switch
for controlling the output of the voltage having the preset
level. In FIG. 4, if the detection circuit 451 detects that the
transducer 43 is defective, that is, if the comparator 4511
outputs a flag value of ‘1°, a switch 4521 of a voltage setting
circuit 452 is turned on to output a common voltage (VCM)
having a preset level. At this time, the voltage VCM having
the preset level may be for example set as a common voltage
equal to the voltage used in a driving circuit 42.

[0104] Ifthe defective transducer makes a large difference
between the voltage output from the transducer and the
common voltage, image quality is lowered. To solve this
problem, the voltage setting circuit 452 controls the defec-
tive transducer to output the common voltage.

[0105] According to an embodiment, the detection circuit
151 is provided as a circuit corresponding to the plurality of
driving circuits of the driver 12, and connects the plurality
of driving circuits in sequence, thereby detecting whether
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any of the plurality of transducers 13 is defective. For
example, as shown in FIG. 11, to detect whether a plurality
of transducers 110 having a two-dimensional matrix-array is
defective, a single common defect detecting circuit 112 may
be provided instead of individual detection circuits with
regard to the plurality of driving circuits 111 corresponding
to the plurality of transducers 110.

[0106] FIG. 11 illustrates an operation for detecting a
defect in each of the plurality of transducers through a
common defect detecting circuit according to an embodi-
ment of the present disclosure.

[0107] Referring to FIG. 11, the detection circuit provided
in each of the plurality of driving circuits 111 is not used to
determine whether any of the plurality of transducers 110 is
defective. In FIG. 11, a single common defect detecting
circuit 112 to which the plurality of driving circuits 111 are
sequentially connected is used to determine whether any of
the plurality of transducers 110 is defective. The common
defect detecting circuit 112 may include a plurality of
interface lines (1), (2), (3), (4), and so forth, to respectively
connect with the plurality of driving circuits 111, and the
plurality of switches for controlling the plurality of driving
circuits 111 to be respectively connected in sequence
through the interface lines.

[0108] According to this embodiment, the detection circuit
is not individually provided corresponding to each of the
plurality of driving circuits 111, but the single common
defect detecting circuit 112 is used to detect whether any of
the plurality of transducers 110 is defective. Accordingly, it
is possible to make a more simple circuit.

[0109] Returning to FIG. 1, the controller 14 controls the
driving circuit to stop operations corresponding to at least
one defective transducer among the plurality of transducers
13 based on the defect detection results from the detection
circuit 12 with respect to each of the plurality of transducers
13. As shown in FIG. 4, if the detection circuit 451 detects
that the transducer 43 is defective, that is, if the comparator
4511 outputs the flag value of *1°, a driving switch 422 of the
driving circuit 42 is turned off to stop the operation of the
driving circuit 42. Thus, there is a determination whether the
transducer 43 is defective before the ultrasonic measure-
ment, and the driving circuit 42 is inactivated when the
transducer 43 is defective, thereby preventing overheating
due to a current leakage or the like.

[0110] According to an embodiment, the controller 14
stops the operations of the detection circuit 151 correspond-
ing to the defective transducer among the plurality of
transducers 13. For example, the controller 14 controls the
detection circuit 151 to detect whether any transducer
among the plurality of transducers 13 is defective based on
whether there is a drop in voltage as compared with the
preset voltage with respect to each of the plurality of
transducers 13, and inactivates the detection circuit 151 with
respect to the corresponding transducer of which the detec-
tion is completed. That is, when the ultrasonic image appa-
ratus 10 is booted up, the detection circuit 151 is automati-
cally activated to detect whether the plurality of transducers
13 is defective before the ultrasonic measurement, and is
automatically inactivated with regard to the corresponding
transducer after each of the plurality of transducers 13
undergoes the detection.

[0111] According to an embodiment, the controller 14
controls the supply of power based on a proportion of
stopped driving circuits, to the plurality of driving circuits of
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the driver 12 in accordance with the defect detection results
from the detection circuit 151. For example, if the propor-
tion of the transducers of which the driving circuits are
stopped as they are detected as defective by the detection
circuit 151, to the plurality of transducers 13, is higher than
a preset value, the ultrasonic image apparatus 10 may be
automatically powered off and prevent performance of the
ultrasonic measurement.

[0112] According to an embodiment, the ultrasonic image
apparatus 10 may further include a display as shown in
FIGS. 7 and 9.

[0113] FIG. 7illustrates an operation for detecting a defect
in a one-dimensional matrix-array transducer according to
an embodiment of the present disclosure.

[0114] FIG. 9 shows results from detecting a defect in a
one-dimensional matrix-array transducer according to an
embodiment of the present disclosure.

[0115] Referring to FIGS. 7 and 9, a display 90 may be
achieved in various forms by using a plasma display panel
(PDP), a liquid crystal display (LCD), an organic light
emitting diode (OLED), a flexible display, and the like. The
controller 14 may control the display 90 to display the defect
detection results from the detection circuit 151 with respect
to each of the plurality of transducers 13. For example, as
shown in FIG. 9, the display 90 may display the locations of
defective transducers 72, the number of defective transduc-
ers, the proportions of defective transducers, and so forth, as
the results of the defect detection of the plurality of trans-
ducers 72 having the one-dimensional matrix-array. Thus, a
user may select whether to start or stop the ultrasonic
measurement in accordance with the results of the defect
detection of the plurality of transducers 72 displayed on the
display 90.

[0116] According to an embodiment, the results of the
defect detection of the plurality of transducers 72 may also
be output as a sound through an audio output unit (not
shown). In this case, the locations, the number, the propor-
tion, and so forth, of the defective transducers may be output
as a sound or sounds. Further, the results of the defect
detection of the plurality of transducers 72 may be repre-
sented with certain colors on a screen or a partial area of the
apparatus. Alternatively, the display 90 may inform a user
when the ultrasonic image apparatus has to be replaced or
discarded based on the results of the defect detection of the
plurality of transducers 72.

[0117] According to an embodiment, the ultrasonic image
apparatus 10 may further include the communicator 18 to
connect with the external display apparatus 200, and the
controller 14 may control the communicator 18 to send the
defect detection results from the detection circuit 151 to the
display apparatus 200 with respect to each of the plurality of
transducers 13. Thus, information about the locations, num-
ber and proportion, and the like, of defective transducers of
the plurality of transducers 13 is transmitted to the display
apparatus 200 connected with the ultrasonic image apparatus
10 so that a user can be informed of the defect detection
results.

[0118] The method of providing the results of the defect
detection of the plurality of transducers 72 is not limited to
the foregoing embodiments, but may be variously provided
and/or communicated to a user.

[0119] FIG. 2 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure.
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[0120] Referring to FIG. 2, an ultrasonic image apparatus
20 according to an embodiment includes a power supply 21,
a driver 22, a plurality of transducers 23, a controller 24, a
detection circuit 251, a beam-former 26, an image processor
27 and a communicator 28. The driver 22 includes a pulser
221 and a receiver 222. According to an embodiment, the
ultrasonic image apparatus 20 may communicate with an
external display apparatus 200 through the communicator
28. The object 19, the display apparatus 200, the power
supply 21, the driver 22, the transducer 23, the controller 24,
the detection circuit 251, the beam-former 26, the image
processor 27 and the communicator 28 of the ultrasonic
image apparatus 20 shown in FIG. 2 are respectively equiva-
lent to the object 19, the display apparatus 200, the power
supply 11, the driver 12, the transducer 13, the controller 14,
the detection circuit 151, the beam-former 16, the image
processor 17 and the communicator 18 shown in FIG. 1, and
thus repetitive descriptions thereof are omitted.

[0121] According to an embodiment, the detection circuit
251 is provided in each of a plurality of driving circuits of
the driver 22, and detects whether any of the plurality of
transducers 23 is defective. The detection circuit 251 detects
whether any of the plurality of transducers 23 is defective
based on whether a voltage passed through one or more of
the plurality of transducers 23 is out of a preset range. For
example, the detection circuit 251 may determine that a
corresponding transducer is defective if the passed voltage is
equal to or lower than the preset voltage, and that the
corresponding transducer is normal if the passed voltage is
higher than the preset voltage.

[0122] The controller 24 may control the driving circuit to
stop operations corresponding to at least one defective
transducer among the plurality of transducers 23 based on
the defect detection results from the detection circuit 12 with
respect to each of the plurality of transducers 23. For
example, as shown in FIG. 5, if the detection circuit 551
detects that an individual transducer 53 is defective, that is,
if a comparator 5511 outputs the flag value of ‘1°, a driving
switch 522 of a driving circuit 52 is turned off to stop the
operations of the driving circuit 52.

[0123] FIG. 5 illustrates a structure of an ASIC with
respect to an individual transducer according to an embodi-
ment of the present disclosure.

[0124] Referring to FIGS. 2 and 5, if the detection circuit
551 detects that the transducer 53 is normal, that is, if the
comparator 5511 outputs the flag value of ‘0’, the driving
switch 522 of the driving circuit 52 is turned on to normally
operate the driving circuit 52.

[0125] According to this embodiment, the ultrasonic
image apparatus 20 includes the detection circuit 251 with
respect to each of the plurality of driving circuits to detect
whether any of the plurality of transducers 23 is defective,
and inactivates the driving circuit 52 before the ultrasonic
measurement if the corresponding transducer is defective to
thereby ensure safety.

[0126] According to an embodiment, the controller 24
may control the driver 22 to output a common voltage,
which is equal to a voltage used in the driving circuit, to at
least one defective transducer 23 based on the defect detec-
tion results from the detection circuit 251 with respect to
each of the plurality of transducers 23. Thus, it is possible to
prevent image quality from being lowered due to the defec-
tive transducer.
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[0127] FIG. 3 is a block diagram of an ultrasonic image
apparatus according to an embodiment of the present dis-
closure.

[0128] Referring to FIG. 3, an ultrasonic image apparatus
30 according to an embodiment includes a power supply 31,
a driver 32, a plurality of transducers 33, a controller 34, a
voltage setting circuit 352, a beam-former 36, an image
processor 37 and a communicator 38. The driver 32 includes
a pulser 321 and a receiver 322. According to an embodi-
ment, the ultrasonic image apparatus 30 may communicate
with an external display apparatus 200 through the commu-
nicator 38. The object 19, the display apparatus 200, the
power supply 31, the driver 32, the transducers 33, the
controller 34, the voltage setting circuit 352, the beam-
former 36, the image processor 37 and the communicator 38
of the ultrasonic image apparatus 30 shown in FIG. 3 are
equivalent to the object 19, the display apparatus 200, the
power supply 11, the driver 12, the transducer 13, the
controller 14, the voltage setting circuit 152, the beam-
former 16, the image processor 17 and the communicator 18
of FIG. 1, and thus repetitive descriptions thereof are
omitted.

[0129] The driver 32 may use the plurality of driving
circuits itself to detect whether any of the plurality of
transducers 33 is defective. That is, without a separate
detection circuit, the driving circuit itself may perform the
fanction of the detection circuit. In this case, the plurality of
driving circuits may include a comparator for detecting
whether any of the plurality of transducers 33 is defective.
For example, as shown in FIG. 6, a driving circuit 62
includes a comparator 623, and the comparator 623 outputs
a flag value of ‘1" if a voltage passed through a transducer
63 is equal to or lower than a preset voltage VREF of the
comparator 623 and outputs a flag value of ‘0’ if the passed
voltage is higher than the preset voltage VREF.

[0130] FIG. 6 illustrates a structure of an ASIC with
respect to an individual transducer according to an embodi-
ment of the present disclosure.

[0131] Referring to FIGS. 3 and 6, the driving circuit 62
detects that the transducer 63 is defective if the comparator
623 outputs the flag value of ‘1°, and detects that the
transducer 63 is normal if the output flag value is ‘0.
[0132] The controller 34 may control the driving circuit to
stop operations corresponding to at least one defective
transducer among the plurality of transducers 33 based on
the defect detection results from the driving circuits itself
with respect to the plurality of transducers 33. For example,
in FIG. 6, if the driving circuit 62 detects that the transducer
63 is defective, that is, if the comparator 623 outputs a flag
value of “1°, a driving switch 622 of the driving circuit 62
is turned off to stop the operations of the driving circuit 62.
[0133] The voltage setting circuit 352 is provided corre-
sponding to each of the plurality of driving circuits of the
driver 32, and outputs a voltage having a preset level
corresponding to at least one transducer detected as defec-
tive. For example, in FIG. 6, if the driving circuit 62 detects
that the transducer 63 is defective, the voltage setting circuit
652 turns on a switch 6521 to output the common voltage
VCM equal to a voltage used in the driving circuit 62 to the
defective transducer 63. Thus, it is possible to create an
ultrasonic image without lowering image quality even
though at least one transducer is defective.

[0134] Referring again to FIG. 4, an ultrasonic image
apparatus 40 includes the 1%, 279, . .., (N-1)"* and N*
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transducers; the 1, 27, . . ., (N=1)" and N* driving circuits
and beam-formers 46 corresponding to the transducers; and
a processor 47 for processing data received therefrom. Here,
N driving circuits corresponding to N transducers are
respectively achieved by using ASICs, and each driving
circuit includes a pulser and a receiver.

[0135] According to an embodiment, the detection circuit
451 and a voltage setting circuit 452 may be provided
corresponding to the driving circuit 42 for driving the
transducer 43 among the N transducers.

[0136] The detection circuit 451 may use a low voltage
VDC to detect whether the transducer 43 is defective. The
detection circuit 451 can more stably detect a defect when
using a low voltage instead of using a high voltage. If the
transducer 43 is defective, not only is the corresponding
transducer 43 influenced by high voltage when the high
voltage is applied thereto, but also the neighboring trans-
ducers are influenced by the high voltage when the high
voltage is applied thereto. However, an applied low voltage
can minimize this influence. Further, if a low voltage is used,
a small area is sufficient to mount a plurality of devices such
as a transistor, a resistor, and so forth that are used for the
detection circuit 451, and is thus advantageous to form the
ASIC.

[0137] The detection circuit 451 may include the com-
parator 4511 for comparing a voltage passing through the
transducer 43 with the preset voltage VREF. The comparator
4511 may generate a flag based on the results of the
comparison with the preset voltage VREF. The comparator
4511 outputs ‘1” as the flag value of the transducer 43 if the
voltage passing through the transducer 43 drops below the
preset voltage VREF, and outputs ‘0’ as the flag value if the
voltage does not drop below the preset voltage VREF.
[0138] The voltage setting circuit 452 is provided with
respect to the driving circuit 42, and outputs a voltage VCM
having a preset level if the transducer 43 is detected as
defective by the detection circuit 451. The voltage setting
circuit 452 may include a switch 4521 for controlling the
output of the voltage VCM having the preset level. For
example, if the detection circuit 451 detects that the trans-
ducer 43 is defective, that is, if the comparator 4511 outputs
a flag value of ‘1°, the switch 4521 of the voltage setting
circuit 452 is turned on to output a voltage VCM having a
preset level. The voltage VCM having the preset level may
be for example set as a common voltage equal to the voltage
used in the driving circuit 42.

[0139] According to an embodiment, if the detection cir-
cuit 451 detects that the transducer 43 is defective, the
driving switch 422 of the driving circuit 42 is turned off to
thereby stop the operations of the driving circuit 42 by for
example, opening a circuit including element 421. Thus,
there is a determination whether the transducer 43 is defec-
tive before the ultrasonic measurement, and the driving
circuit 42 is inactivated when the transducer 43 is defective
thereby preventing overheating due to a current leakage or
the like.

[0140] The detection circuit 451 may further include a
detection switch 4512 for controlling whether to perform the
detection. For example, if the ultrasonic image apparatus 40
is booted up, the detection circuit 451 turns on the detection
switch 4512 to perform the defect detection of the transducer
43 before the ultrasonic measurement, and turns off the
detection switch 4512 to be inactivated when the defect
detection of the transducer 43 is completed. Thus, the
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detection circuit 451 can be automatically activated or
inactivated in accordance with whether the ultrasonic image
apparatus 40 is booted up or whether the defect detection is
completed.

[0141] According to an embodiment, the defect detection
results of the detection circuit 451 may be transmitted to the
processor 47. That is, the detection circuit 451 sends the
processor 47 the results of detecting whether the transducer
43 is defective. For example, the flag value of ‘1" or 0
output from the comparator 4511 may be transmitted as the
defect detection result. The plurality of detection circuits
corresponding to the plurality of transducers each transmit
defect detection results to the processor 47. Thus, the
processor 47 can determine the locations of defective trans-
ducers among the plurality of transducers, the number and
proportion of defective transducers, and so forth.

[0142] Referring again to FIG. 5, an ultrasonic image
apparatus 50 includes the 1%, 279, . .., (N-1"* and N*
transducers; the 1, 27, . . ., (N-1)" and N** driving circuits
and beam-formers 56 corresponding to the transducers; and
a processor 57 for processing data received therefrom. Here,
N driving circuits corresponding to N transducers are
respectively achieved by using ASICs, and each driving
circuit includes a pulser and a receiver.

[0143] According to an embodiment, the detection circuit
551 may be provided corresponding to the driving circuit 52
for driving the transducer 53 among the N transducers.
[0144] A detection circuit 551 may include the comparator
5511 for comparing a voltage passing through the transducer
53 with the preset voltage VREF. The comparator 5511 may
generate a flag based on results of the comparison with the
preset voltage VREF. The comparator 5511 outputs ‘17 as the
flag value of the transducer 53 if the voltage passing through
the transducer 53 drops below the preset voltage VREF, and
outputs ‘0’ as the flag value if the voltage does not drop
below the preset voltage VREF. The flag value of ‘1’
indicates that the transducer 53 is defective, and the flag
value of ‘0 indicates that the transducer 53 is normal.
[0145] The detection circuit 551 may use a low voltage
VDC to detect whether the transducer 53 is defective. The
detection circuit 551 can more stably detect a defect when
using a low voltage VDC instead of using a high voltage.
[0146] If the detection circuit 551 detects that the trans-
ducer 53 is defective, the driving switch 522 of the driving
circuit 52 is turned off to thereby stop the operations of the
driving circuit 52 by for example, opening a circuit includ-
ing element 521. If the detection circuit 551 detects that the
transducer 53 is normal, the driving switch 522 of the
driving circuit 52 is turned on to thereby make the driving
circuit 52 operate normally.

[0147] The detection circuit 551 may further include a
detection switch 5512 for controlling whether to perform the
detection. For example, if the ultrasonic image apparatus 50
is booted up, the detection circuit 551 turns on the detection
switch 5512 to perform the defect detection of the transducer
53 before the ultrasonic measurement, and turns off the
detection switch 5512 to be inactivated when the defect
detection of the transducer 53 is completed. Thus, the
detection circuit 551 can be automatically activated or
inactivated in accordance with whether the ultrasonic image
apparatus 50 is booted up or whether the defect detection is
completed.

[0148] According to an embodiment, if the detection cir-
cuit 551 detects that the transducer 53 is defective, the
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driving switch 522 of the driving circuit 52 is turned off to
stop the operations of the driving circuit 52.

[0149] According to an embodiment, the defect detection
results from the detection circuit 551 may be sent to the
processor 57. The plurality of detection circuits correspond-
ing to the plurality of transducers transmit the respective
defect detection results to the processor 57, and thus the
processor 57 determines the location of the defective trans-
ducer among the plurality of transducers, the number and
proportion of defective transducers, and so forth.

[0150] Referring again to FIG. 6, an ultrasonic image
apparatus 60 includes the 1%, 279 . .., (N-1)"* and N
transducers; the 1%, 2°%, .. ., (N=1)" and N* driving circuits
and beam-formers 66 corresponding to the transducers; and
a processor 67 for processing data received therefrom. Here,
N driving circuits corresponding to N transducers are
respectively achieved by using ASICs, and each driving
circuit includes a pulser and a receiver.

[0151] According to an embodiment, a voltage setting
circuit 652 may be provided corresponding to the driving
circuit 62 for driving the transducer 63 among the N
transducers.

[0152] According to an embodiment, the driving circuit 62
itself may detect whether the transducer 63 is defective,
without a separate detection circuit. The driving circuit 62
includes the comparator 623, and the comparator 623 out-
puts a flag value of ‘1’ if a voltage passing through the
transducer 63 is equal to or lower than a voltage VREF
previously set in the comparator 623, and outputs a flag
value of 0’ if the voltage is higher than the preset voltage
VREF. Thus, the driving circuit 62 detects that the trans-
ducer 63 is defective if the comparator 623 outputs the flag
value of ‘1°, and detects that the transducer 63 is normal if
the comparator 623 outputs the flag value of ‘0.

[0153] According to an embodiment, if the driving circuit
62 detects that the transducer 63 is defective, the driving
switch 622 of the driving circuit 62 is turned off to stop the
operations of the driving circuit 62 by for example, opening
a circuit including element 621.

[0154] The voltage setting circuit 652 outputs a voltage
having a preset level corresponding to the transducer 63 if
the driving circuit 62 detects that the transducer 63 is
defective. For example, if there is a determination that the
transducer 63 is defective, the voltage setting circuit 652
turns on the switch 6521 so that the common voltage VCM
equal to the voltage used in the driving circuit 62 can be
output to the defective transducer 63. Thus, it is possible to
create an ultrasonic image without lowering image quality
even though at least one transducer is defective.

[0155] Referring again to FIG. 7, a plurality of transducers
70 has a one-dimensional matrix-array, and is connected to
each of the plurality of ASICs 71 operating to drive the
plurality of transducers 70.

[0156] Each of the plurality of ASICs 71 includes a pulser
for transmitting a pulse to each of the plurality of transducers
70 to output an ultrasonic signal, and a receiver for receiving
a feedback signal corresponding to the transmitted pulse
from each of the plurality of transducers 70. The pulser and
the receiver may be provided as a single ASIC, or provided
as separate ASICs.

[0157] According to an embodiment, each of the plurality
of ASICs 71 may include a plurality of detection circuits to
detect whether any of the plurality of transducers 70 is
defective. Further. each of the plurality of ASICs 71 may be

Jun. 22,2017

provided with a voltage setting circuit to output a common
voltage to a defective transducer among the plurality of
transducers 70.

[0158] Each of the plurality of detection circuits includes
a comparator for comparing a voltage passing through each
of the plurality of transducers 70 with a preset voltage to
detect whether any of the plurality of transducers 70 is
defective, and uses a low voltage. The comparator outputs a
flag value of ‘1’ if the passed voltage is equal to or lower
than the preset voltage, and outputs a flag value of ‘0’ if the
passed voltage is higher than the preset voltage. Thus, the
value of 1" or ‘0’ is output as a defect detection result with
respect to each of the plurality of transducers 72, and
transmitted to a system so as to determine the locations,
number, proportion, and so forth, of defective transducers.

[0159] According to an embodiment, each of the plurality
of ASICs 73 can be automatically activated or inactivated in
accordance with the results of the defect detection of each of
the plurality of transducers 72. For example, a correspond-
ing ASIC is inactivated with respect to a transducer of which
the defect detection result is ‘1°, among the plurality of
transducers 72, and is activated with respect to a transducer
of which the defect detection result is ‘0’. Thus, there is a
determination whether the transducer is defective before the
ultrasonic measurement, thereby preventing overheating or
similar problems associated with the defective transducer.

[0160] FIG. 8 illustrates an operation of detecting a defect
in a two-dimensional matrix-array transducer according to
an embodiment of the present disclosure.

[0161] Referring to FIG. 8, a plurality of transducers 80
has a two-dimensional matrix-array, and is connected to
each of a plurality of ASICs 81 operating to drive the
plurality of transducers 80.

[0162] Each of the plurality of ASICs 81 includes a pulser
for transmitting a pulse to each of the plurality of transducers
80 to output an ultrasonic signal, and a receiver for receiving
a feedback signal corresponding to the transmitted pulse
from each of the plurality of transducers 80.

[0163] According to an embodiment, each of the plurality
of ASICs 81 may include a plurality of detection circuits to
detect whether any of the plurality of transducers 80 is
defective. Further, each of the plurality of ASICs 81 may be
provided with a voltage setting circuit to output a common
voltage to a defective transducer among the plurality of
transducers 80.

[0164] Each of the plurality of detection circuits includes
a comparator for comparing a voltage passing through each
of the plurality of transducers 80 with a preset voltage to
detect whether any of the plurality of transducers 80 is
defective, and uses a low voltage. The comparator outputs a
flag value of ‘1’ if the passed voltage is equal to or lower
than the preset voltage, and outputs a flag value of ‘0’ if the
passed voltage is higher than the preset voltage. Thus, the
value of ‘1" or ‘0’ is output as a defect detection result with
respect to each of the plurality of transducers 82, and
transmitted to a system so as to determine the locations,
number, proportion, and so forth, of defective transducers.

[0165] According to an embodiment, each of a plurality of
ASICs 83 can be automatically activated or inactivated in
accordance with the results of the defect detection of each of
the plurality of transducers 82. For example, a correspond-
ing ASIC is inactivated with respect to the transducer of
which the defect detection result is 1', among the plurality of
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transducers 82, and is activated with respect to the trans-
ducer of which the defect detection result is ‘0’

[0166] Referring again to FIG. 9, the display 90 may
display the locations, number, proportion, and so forth, of
the defective transducers as the results of the defect detec-
tion of the plurality of transducers 72 having the one-
dimensional matrix-array of FIG. 7. Thus, a user can select
whether to start or stop the ultrasonic measurement in
accordance with the results of detected defects in the plu-
rality of transducers 72, displayed on the display 90. Accord-
ing to an embodiment, the display 90 may be included in the
external display apparatus 200 connected with the ultrasonic
image apparatus. In this case, the results of the detection of
defects in the plurality of transducers 72 are sent to the
external display apparatus and then displayed on the display
90.

[0167] According to an embodiment of the present disclo-
sure, a user determines the number and locations of defec-
tive transducers based on the results of the detected defects
in the plurality of transducers 72 having the one-dimensional
matrix-array displayed on the display 90, and may make a
purchase of a transducer by clicking an ‘order’ button if
there is a need for replacing the defective transducer. If the
‘order’ button is clicked on the display 90, a web browser
may be executed to be automatically linked to a store site for
making the purchase of the transducer. Alternatively, if the
results of the detected defects in the plurality of transducers
72 are displayed on a screen of a user’s smartphone and a
user clicks an ‘order’ button, a predetermined application for
making a purchase of the transducer may be automatically
executed so that the user can easily make an order for the
transducer.

[0168] According to this embodiment, if a plurality of
transducers is defective, it is convenient to view and check
the locations and number of the defective transducers
through a screen of a user terminal. As necessary, a user may
make a purchase of a transducer at the same time when
informed that the transducer is defective.

[0169] FIG. 10 shows an example of displaying results
from detecting a defect in a two-dimensional matrix-array
transducer according to an embodiment of the present dis-
closure.

[0170] Referring to FIG. 10, a display 100 may display the
locations, number, proportion, and so forth, of defective
transducers as the results of the defect detection of the
plurality of transducers 82 having the two-dimensional
matrix-array of FIG. 8. Thus, a user can select whether to
start or stop the ultrasonic measurement in accordance with
the results of detected defects in the plurality of transducers
82 displayed on the display 100. According to an embodi-
ment, the display 100 may be included in the external
display apparatus 200 connected with the ultrasonic image
apparatus. In this case, the results of detecting the defect in
the plurality of transducers 82 are sent to the external display
apparatus and then displayed on the display 100.

[0171] According to an embodiment, a user determines the
number and locations of defective transducers based on the
results of the detected defects in the plurality of transducers
82 having the two-dimensional matrix-array displayed on
the display 100, and may make a purchase of a transducer by
clicking an ‘order’ button if there is a need for replacing the
defective transducer. If the ‘order’ button is clicked on the
display 100, a web browser may be executed to be auto-
matically linked to a store site for making the purchase of the
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transducer. Alternatively, if the results of the detected
defects in the plurality of transducers 82 are displayed on a
screen of a user’s smartphone and a user clicks an ‘order’
button, a predetermined application for making a purchase
of the transducer may be automatically executed so that the
user can easily make an order for the transducer.

[0172] Referring again to FIG. 11, when it is to be deter-
mined whether any of the plurality of transducers 110 having
the two-dimensional matrix-array is defective, a single com-
mon defect detecting circuit 112 may be used instead of an
individual detection circuit with respect to each of the
plurality of driving circuits 111 corresponding to the plural-
ity of transducers 110. In this case, the individual detection
unit provided in each of the plurality of driving circuits 111
is not used to determine whether any of the plurality of
transducers 110 is defective. In FIG. 11, the plurality of
driving circuits 111 are sequentially connected to the single
common defect detecting circuit 112, thereby detecting
whether any of the plurality of transducers 110 is defective.
The common defect detecting circuit 112 may include a
plurality of interface lines for respectively connecting with
the plurality of driving circuits 111, and a plurality of
switches for controlling sequential connection of the plural-
ity of driving circuits 111 through the respective interface
lines.

[0173] FIG. 12 illustrates a case where defective trans-
ducers are widely dispersed according to an embodiment of
the present disclosure.

[0174] Referring to FIG. 12, based on the results of a
defect detection in a plurality of transducers 120, the beam
forming may be performed to focus ultrasonic signals output
from the plurality of transducers 120 toward an object 123.
For example, if the defective transducers corresponding to a
value of ‘1" are widely dispersed throughout the whole area
as results of a defect detection in the plurality of transducers
120 having the two-dimensional matrix-array, the beam
forming may be applied to the whole area including at least
one defective transducer. That is, if the defective transducers
are widely dispersed, it has a little influence on the quality
of the ultrasonic image and thus the beam forming is applied
to the whole area to thereby generate an ultrasonic image.
[0175] FIG. 13 illustrates a case where defective trans-
ducers are densely concentrated in a certain area according
to an embodiment of the present disclosure.

[0176] Referring to FIG. 13, based on the results of a
defect detection in a plurality of transducers 130, the beam
forming may be performed so that ultrasonic signals output
from the plurality of transducers 131 except those of a
certain area can be focused toward an object 132. For
example, if the defective transducers corresponding to a
value of *1” are densely concentrated at a left area as results
of a defect detection in the plurality of transducers 130
having the two-dimensional matrix-array, the beam forming
may be applied to the area including the plurality of trans-
ducers except for the left area where the defective transduc-
ers are densely concentrated. That is, if the defective trans-
ducers are densely concentrated in a certain area, it may
have a greater influence on the quality of the ultrasonic
image and thus, the beam forming is applied to the area
except for the area where the defective transducers are
densely concentrated, thereby generating an ultrasonic
image.

[0177] FIG. 14 illustrates a defective PZT transducer
according to an embodiment of the present disclosure.
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[0178] Referring to FIG. 14, a plurality of PZT transducers
143 may be provided by dividing a piezoelectric material
140 to form a plurality of piezoelectric devices. For
example, the plurality of piezoelectric devices may be
manufactured by dicing the longitudinally formed piezo-
electric material 140, pressing the piezoelectric material 140
against a metal mold, or using various other methods as
known to those skilled in the art. The piezoelectric material
may include piezoelectric ceramic, single crystal, or com-
posite piezoelectric materials that consist of this material
and a polymer, which causes a piezoelectric phenomenon.
[0179] As illustrated in FIG. 14, any of the plurality of
PZT transducers 143 may be defective due to short-circuits
caused by metal and the piezoelectric residual material 144
while forming the plurality of piezoelectric devices. Further,
any of the plurality of PZT transducers 143 may be defective
due to short-circuits caused by physical damage and electric
shock. Still further, any of the plurality of PZT transducers
143 may be defective due to depolarization caused by
repetitive applications of a high-voltage signal and heat.
[0180] Thus, the plurality of PZT transducers 143 may be
individually or collectively defective due to various causes.
According to an embodiment, the detection circuits are
respectively provided with regard to the ASICs 141 for
driving the plurality of PZT transducers 143, and it is thus
possible to detect whether any of the plurality of PZT
transducers 143 is defective. Further, the ASICs are inacti-
vated corresponding to the defective transducers among the
plurality of PZT transducers 143, thereby ensuring safety.
[0181] FIG. 15 is a flowchart of a process of protecting a
plurality of transducers according to an embodiment of the
present disclosure.

[0182] Referring to FIG. 15, at operation S150 the ultra-
sonic image apparatus is first turned on, and at operation
S151 a circuit for detecting a defect in any of the plurality
of transducers is turned on. Next, at operation S152 it is
measured whether there is a voltage drop in each individual
transducer.

[0183] As a result of the operation S152, if there is a
voltage drop in any individual transducer, at operation S153
the ASIC for the corresponding transducer is inactivated.
Next, at operation S154 a system is informed that the ASIC
for the corresponding transducer is inactivated. At operation
S155, a proportion of inactivated ASICs is compared with a
predetermined threshold. As a result of the operation S155,
if the proportion of inactivated ASICs is equal to or higher
than the predetermined threshold, at operation S156 the
ultrasonic image apparatus is powered off. If the proportion
of inactivated ASICs is lower than the predetermined thresh-
old, at operation S157 the detection circuit for the corre-
sponding transducer is turned off, and at operation S158 the
ultrasonic image apparatus performs normal operations.
[0184] As a result of the operation S152, if there is no
voltage drop in each individual transducer, at operation S157
the detection circuit for each transducer is turned off, and at
operation S158 an ultrasonic measurement routine starts to
make the ultrasonic image apparatus perform the normal
operations.

[0185] FIG. 16 is a flowchart of a defect detecting process
with regard to an individual transducer according to an
embodiment of the present disclosure.

[0186] Referring to FIG. 16, at operation S160 the ultra-
sonic image apparatus is powered on, and then at operation
S161 the detection circuit for the transducer is activated. At

Jun. 22,2017

operation S162 it is determined whether the transducer is
normal or defective. If the transducer is defective, a logic
value of ‘1 is output. If the transducer is normal, a logic
value of 0’ is output. As a result of the operation S162, if
the transducer is defective, at operation S163 the ASIC
corresponding to the defective transducer is inactivated. At
the same time, at operation S164 the output of the defective
transducer is set with the common voltage. Thus, it is
possible to solve overheating or similar safety problems due
to the defective transducer, and prevent the quality of the
ultrasonic image from being deteriorated due to the defec-
tive transducer.

[0187] As a result of the operation S162, if the transducer
is normal, at operation S165 the ASIC for the normal
transducer is activated to perform the normal operations.

[0188] At operation S166 the detection circuit for the
transducer is inactivated to stop detecting the defect.

[0189] FIG. 17 is a flowchart of a method of controlling an
ultrasonic image apparatus according to an embodiment of
the present disclosure.

[0190] Referring to FIG. 17, at operation S170 it is deter-
mined by the detection circuits respectively provided in the
plurality of driving circuits whether any of the plurality of
transducers is defective. Each of the detection circuits may
include a low-voltage current source and a comparator.
Operation S170 may include an operation of detecting
whether any of the plurality of transducers is defective based
on whether a voltage passed through one or more of the
plurality of transducers is out of a preset range. According
to an embodiment, the operation S170 may further include
an operation for stopping the detection circuit corresponding
to the transducer of which the defect detection is completed,
among the plurality of transducers.

[0191] At operation S171 the driving circuit stops opera-
tions corresponding to at least one defective transducer
among the plurality of transducers. According to an embodi-
ment, the operation S171 may include an operation of
outputting a voltage having a preset level corresponding to
at least one transducer detected as defective by the detection
circuit by the voltage setting circuit provided respectively
with respect to the plurality of driving circuits. The voltage
setting circuit may include a switch for controlling the
output of the voltage having the preset level.

[0192] According to an embodiment, there may be added
an operation of controlling a supply of power based on a
proportion of driving circuits, stopped by the defect detec-
tion results of the detection circuit, among the plurality of
driving circuits.

[0193] According to an embodiment, there may also be
added an operation of displaying the defect detection results
of the detection circuit with regard to each of the plurality of
transducers on the display. Alternatively, there may be added
an operation of transmitting the defect detection results of
the detection circuit with regard to each of the plurality of
transducers to the display apparatus.

[0194] According to an embodiment, there also may be
added an operation of detecting whether the plurality of
transducers is defective by sequentially connecting the driv-
ing circuits through the detection circuit provided as a single
circuit corresponding to the plurality of driving circuits.
Alternatively, the plurality of driving circuits itself may be
used to detect whether any of the plurality of transducers is
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defective. In this case, the plurality of driving circuits may
include a comparator to detect whether any of the plurality
of transducers is defective.

[0195] FIG. 18 is a flowchart of a method of controlling an
ultrasonic image apparatus according to an embodiment of
the present disclosure.

[0196] Referring to FIG. 18, at operation S180 it is deter-
mined by the detection circuit whether any of the plurality
of transducers is defective based on whether a voltage
passed through one or more of the plurality of transducers is
out of a preset range. At operation S181, a driving circuit
stops operations corresponding to at least one defective
transducer among the plurality of transducers, and at the
same time at operation S182, a voltage having a preset level
is output corresponding to at least one defective transducer
among the plurality of transducers.

[0197] In the ultrasonic image apparatus according to an
embodiment, there is a determination whether any of the
plurality of transducers is defective before the ultrasonic
measurement and thus, the defective transducers are inacti-
vated before the ultrasonic measurement thereby ensuring
safety. Further, it is possible to prevent quality of an image
from being deteriorated due to the defective transducers.
[0198] As described above, there is a determination
whether any of a plurality of transducers is defective before
the ultrasonic image apparatus performs ultrasonic measure-
ment, thereby further ensuring reliability in the use of the
transducers.

[0199] Further, the ultrasonic image apparatus inactivates
the defective transducers among the plurality of transducers
and/or inactivates the device before the ultrasonic image
apparatus performs ultrasonic measurement, thereby further
ensuring safety.

[0200] While the present disclosure has been shown and
described with reference to various embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the appended claims and their equivalents.

What is claimed is:

1. An ultrasonic image apparatus comprising:

a plurality of transducers configured to output an ultra-
sonic signal and receive a feedback signal;

a driver comprising a plurality of driving circuits respec-
tively connected to the plurality of transducers, each
driving circuit configured to output the ultrasonic sig-
nal and receive the feedback signal;

a detection circuit respectively corresponding to the plu-
rality of driving circuits, the detection circuit config-
ured to detect whether any of the plurality of transduc-
ers is defective; and

at least one processor configured to control the driving
circuit to stop operations corresponding to at least one
defective transducer among the plurality of transducers
based on a defect detection result from the detection
circuit with regard to the plurality of transducers.

2. The ultrasonic image apparatus according to claim 1,
wherein the detection circuit 1s further configured to detect
whether any of the plurality of transducers is defective based
on whether a voltage passed through one or more of the
plurality of transducers is out of a preset range.

3. The ultrasonic image apparatus according to claim 1,
wherein the detection circuit comprises:
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a low-voltage current source; and

a comparator.

4. The ultrasonic image apparatus according to claim 1,
wherein the at least one processor is further configured to
control the detection circuit to stop operations corresponding
to a transducer of which a defect detection is completed,
among the plurality of transducers.

5. The ultrasonic image apparatus according to claim 1,
further comprising:

a voltage setting circuit corresponding to each of the

plurality of driving circuits,

wherein the voltage setting circuit is configured to output

a voltage having a preset level corresponding to at least
one transducer detected as defective by the detection
circuit.

6. The ultrasonic image apparatus according to claim 5,
wherein the voltage setting circuit comprises a switch con-
figured to selectively control an output of a voltage having
a preset level.

7. The ultrasonic image apparatus according to claim 1,
wherein the at least one processor is further configured to
control a supply of power based on a proportion of driving
circuits stopped in accordance with defect detection results
from the detection circuit, among the plurality of driving
circuits.

8. The ultrasonic image apparatus according to claim 1,
further comprising:

a display,

wherein the at least one processor is further configured to

control the display to display a defect detection result
from the detection circuit with regard to each of the
plurality of transducers.

9. The ultrasonic image apparatus according to claim 1,
further comprising:

a communicator configured to connect with a display

apparatus,

wherein the at least one processor is further configured to

control the communicator to transmit a defect detection
result from the detection circuit with regard to each of
the plurality of transducers to the display apparatus.
10. The ultrasonic image apparatus according to claim 1,
wherein the detection circuit is provided as a single circuit
corresponding to the plurality of driving circuits, and

wherein the detection circuit is further configured to
connect with each of the plurality of driving circuits in
sequence to detect whether any of the plurality of
transducers is defective.

11. The ultrasonic image apparatus according to claim 1,
wherein one or more of the plurality of driving circuits itself
is used to detect whether any of the plurality of transducers
is defective.

12. The ultrasonic image apparatus according to claim 11,
wherein the plurality of driving circuits comprises a com-
parator for detecting whether any of the plurality of trans-
ducers 1s defective.

13. A method of controlling an ultrasonic image appara-
tus, the method comprising:

detecting whether any of a plurality of transducers is

defective through a detection circuit provided in each
of a plurality of driving circuits respectively connected
to the plurality of transducers, each driving circuit
configured to output an ultrasonic signal and receive a
feedback signal; and

stopping an operation of a driving circuit corresponding to

at least one defective transducer among the plurality of
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transducers based on a defect detection result from the
detection circuit with regard to the plurality of trans-
ducers.

14. The method according to claim 13, wherein the
detecting of whether any of the plurality of transducers is
defective comprises detecting whether any of the plurality of
transducers is defective based on whether a voltage passed
through one or more of the plurality of transducers is out of
a preset range.

15. The method according to claim 13, wherein the
detection circuit comprises:

a low-voltage current source; and
a comparator.

16. The method according to claim 13, further comprising
stopping an operation of the detection circuit corresponding
to a transducer of which a defect detection is completed,
among the plurality of transducers.
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17. The method according to claim 13, wherein the
stopping of the operation of the driving circuit comprises
outputting a voltage having a preset level corresponding to
at least one transducer detected as defective in the detection
circuit, by a voltage setting circuit provided corresponding
to each of the plurality of driving circuits.

18. The method according to claim 17, wherein the
voltage setting circuit comprises a switch for selectively
controlling an output of a voltage having a preset level.

19. The method according to claim 13, further comprising
controlling a supply of power based on a proportion of
driving circuits stopped in accordance with defect detection
results from the detection circuit, among the plurality of
driving circuits.

20. The method according to claim 13, further comprising
displaying a defect detection result from the detection circuit
with regard to each of the plurality of transducers.
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