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ULTRASOUND PROBE DIAGNOSING
APPARATUS, ULTRASOUND DIAGNOSTIC
APPARATUS, AND ULTRASOUND PROBE
DIAGNOSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2004-252973, filed Aug. 31, 2004; No. 2004-252974, filed
Aug. 31, 2004; No. 2004-252975, filed Aug. 31, 2004; No.
2004-252976, filed Aug. 31, 2004; No. 2004-252977, filed
Aug. 31, 2004; No. 2004-267216, filed Sep. 14, 2004; and
No. 2004-275982, filed Sep. 22, 2004, the entire contents of
all of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound probe
diagnosing apparatus and ultrasound probe diagnosing
method which diagnose an ultrasound probe used by an ultra-
sound diagnostic apparatus, and an ultrasound diagnostic
apparatus having a function of diagnosing an ultrasound
probe.

[0004] 2. Description of the Related Art

[0005] A technique of diagnosing an ultrasound probe on
the basis of signals received by the ultrasound probe has been
known through, for example, Jpn. Pat. Appln. KOKAI Pub-
lication Nos. 8-238243 and 10-227772.

[0006] A technique of detecting the transmission/reception
characteristics of an ultrasound probe by using signals
obtained by receiving ultrasound waves reflected by a test
object like a reflector placed to face the ultrasound probe
through the ultrasound probe has been know through, for
example, Jpn. Pat. Appln. KOKAI Publication No. 2003-
144432.

[0007] It has been difficult to efficiently diagnose an ultra-
sound probe by using these related arts.

BRIEF SUMMARY OF THE INVENTION

[0008] Ithas therefore been required to efficiently diagnose
an ultrasound probe.

[0009] According to a first aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe having an array of a
plurality of ultrasound transducing elements on the basis of
how the ultrasound probe receives reflected ultrasound waves
from a test object placed to face the ultrasound probe, com-
prising: a part which detects a posture of the ultrasound probe
with respect to the test object by comparing reflected ultra-
sound signals received by at least some of the plurality of
ultrasound transducing elements; and a presenting part which
presents information based on the detected posture.

[0010] According to a second aspect of the present inven-
tion, there is provided an ultrasound diagnostic apparatus
which includes an ultrasound probe having an array of a
plurality of ultrasound transducing elements, and obtains
information for diagnosing a subject to be examined on the
basis of reflected ultrasound waves received from the subject
by the ultrasound probe, comprising: a part which is placed to
face the ultrasound probe and detects a posture of the ultra-
sound probe with respect to a test object different from the
subject by causing at least some of the plurality of ultrasound
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transducing elements to receive reflected ultrasound waves
from the test object and comparing reflected ultrasound sig-
nals output from the ultrasound transducing elements with
each other, and a presenting part which presents information
based on the detected posture.

[0011] According to a third aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe having an array of a plurality
of ultrasound transducing elements on the basis of how the
ultrasound probe receives reflected ultrasound waves from a
test object placed to face the ultrasound probe, comprising:
causing at least some of the plurality of ultrasound transduc-
ing elements to receive the ultrasound waves; detecting a
posture of the ultrasound probe with respect to the test object
by comparing reflected ultrasound signals output from the
some ultrasound transducing elements; and presenting infor-
mation based on the detected posture.

[0012] According to a fourth aspect of the present inven-
tion, there is provided an ultrasound probe diagnosing appa-
ratus which diagnoses an ultrasound probe on the basis of
how the ultrasound probe receives a reflected ultrasound
wave from a test object placed to face the ultrasound probe,
comprising: a setting part which variably sets a repetition
period of ultrasound wave transmission/reception; a part
which adds reflected ultrasound signals from the ultrasound
probe in corresponding phases for the each set period; and a
diagnosing part which diagnoses the ultrasound probe on the
basis of the added signals.

[0013] According to a fifth aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe on the basis of how the
ultrasound probe receives reflected ultrasound waves from a
test object placed to face the ultrasound probe, comprising: a
setting part which variably sets a transmission/reception
period in repetitive ultrasound wave transmission/reception
for each ultrasound wave transmission/reception; a part
which adds reflected ultrasound signals from the ultrasound
probe for the each set period while leading edges of the
signals are matched with each other; and a diagnosing part
which diagnoses the ultrasound probe on the basis of the
added signals.

[0014] According to a sixth aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe and obtains information for
diagnosis on a subject to be examined on the basis of reflected
ultrasound waves received from the subject by the ultrasound
probe, comprising: a setting part which variably sets a repeti-
tion period of ultrasound wave transmission/reception with
respect to a test object different from the subject; a part which
adds reflected ultrasound signals from the ultrasound probe in
corresponding phases for the each set period; and a diagnos-
ing part which diagnoses the ultrasound probe on the basis of
the added signals.

[0015] According to a seventh aspect of the present inven-
tion, there is provided an ultrasound diagnostic apparatus
which includes an ultrasound probe and obtains information
for diagnosis on a subject to be examined on the basis of
reflected ultrasound waves received from the subject by the
ultrasound probe, comprising: a setting part which variably
sets a repetition transmission/reception period for each ultra-
sound wave transmission/reception with respect to a test
object different from the subject; a part which adds reflected
ultrasound signals from the ultrasound probe for the each set
period while leading edges of the signals are matched with
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each other; and a diagnosing part which diagnoses the ultra-
sound probe on the basis of the added signals.

[0016] According to an eighth aspect of the present inven-
tion, there is provided an ultrasound probe diagnosing
method of diagnosing an ultrasound probe on the basis of how
the ultrasound probe receives a reflected ultrasound wave
from a test object placed to face the ultrasound probe, com-
prising: variably setting a repetition period of ultrasound
wave transmission/reception; adding reflected ultrasound
signals from the ultrasound probe in corresponding phases for
the each set period; and diagnosing the ultrasound probe on
the basis of the added signals.

[0017] According to aninth aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe on the basis of how the ultra-
sound probe receives reflected ultrasound waves from a test
object placed to face the ultrasound probe, comprising: vari-
ably setting a transmission/reception period in repetitive
ultrasound wave transmission/reception for each ultrasound
wave transmission/reception; adding reflected ultrasound
signals output from the ultrasound probe for the each set
period while leading edges of the signals are matched with
each other; and diagnosing the ultrasound probe on the basis
of the added signals.

[0018] According to a 10th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe having signal lines for
transmitting signals transmitted/received by ultrasound trans-
ducing elements, comprising: a part which applies a test
voltage to the signal line; and a determining part which deter-
mines a state of the ultrasound transducing element or the
signal line on the basis of a voltage value of the ultrasound
transducing element or the signal line upon application of the
test voltage.

[0019] According to a 11th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe including an electronic
circuit which has a signal line for transmitting a signal trans-
mitted/received by an ultrasound transducing element and is
configured to apply a bias voltage to the signal line, compris-
ing: a detecting part which detects the bias voltage applied to
the signal line; and a determining part which determines a
state of the signal line on the basis of whether the bias voltage
is detected by the detecting part.

[0020] According to a 12th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe of a first type which has
a signal line for transmitting a signal to be transmitted/re-
ceived by an ultrasound transducing element or an ultrasound
probe of a second type which includes an electronic circuit
which has a signal line for transmitting a signal to be trans-
mitted/received by an ultrasound transducing element and is
configured to apply a bias voltage to the signal line, compris-
ing: a probe identifying part which identifies a diagnosis
target as an ultrasound probe of the first type or an ultrasound
probe of the second type; a part which changes an application
state of a test voltage to the signal line in accordance with
identification of the diagnosis target as an ultrasound probe of
the first type; a first determining part which determines a state
of the signal line on the basis of a transient response charac-
teristic of a signal line voltage of the signal line when the
application state of the test voltage is changed; a detecting
part which detects the bias voltage applied to the signal line,
in accordance with identification of a diagnosis target as an
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ultrasound probe of the second type by the probe identifying
part; and a second determining part which determines a state
of the signal line on the basis of whether the bias voltage is
detected by the detecting part.

[0021] According to a 13th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe having a signal line for trans-
mitting a signal to be transmitted/received by an ultrasound
transducing element, and obtains information for diagnosis
on a subject to be examined on the basis of a reflected ultra-
sound wave received from the subject by the ultrasound
probe, comprising: a part which applies a test voltage to the
signal line; and a determining part which determines a state of
the ultrasound transducing element or the signal line on the
basis of a voltage value of the ultrasound transducing element
or the signal line upon application of the test voltage.

[0022] According to a 14th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe having an electronic circuit
which has a signal line for transmitting a signal to be trans-
mitted/received by an ultrasound transducing element and is
configured to apply a bias voltage to the signal line, and
obtains information for diagnosis on a subject to be examined
on the basis of a reflected ultrasound wave received from the
subject by the ultrasound probe, comprising: a detecting part
which detects the bias voltage applied to the signal line; and
a determining part which determines a state of the signal line
on the basis of whether the bias voltage is detected by the
detecting part.

[0023] According to a 15th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe of a first type which has a signal
line for transmitting a signal to be transmitted/received by an
ultrasound transducing element or an electronic circuit which
has a signal line for transmitting a signal to be transmitted/
received by an ultrasound transducing element and is config-
ured to apply a bias voltage to the signal line, and obtains
information for diagnosis on a subject to be examined on the
basis of areflected ultrasound wave received from the subject
by the ultrasound probe, comprising: a probe identifying part
which identifies the ultrasound probe as the first type or
second type; a part which changes an application state of a test
voltage to the signal line in accordance with identification of
the ultrasound probe as the first type; a first determining part
which determines a state of the signal line on the basis of a
transient response characteristic of a signal line voltage of the
signal line when the application state of the test voltage is
changed; a detecting part which detects the bias voltage
applied to the signal line, in accordance with identification of
the ultrasound probe as the second type; and a second deter-
mining part which determines a state of the signal line on the
basis of whether the bias voltage is detected by the detecting
part.

[0024] According to a 16th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe having signal lines for trans-
mitting signals transmitted/received by ultrasound transduc-
ing elements, comprising: applying a test voltage to the signal
line; and determining a state of the ultrasound transducing
element or the signal line on the basis of a voltage value of the
ultrasound transducing element or the signal line upon appli-
cation of the test voltage.

[0025] According to a 17th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
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diagnosing an ultrasound probe including an electronic cir-
cuit which has a signal line for transmitting a signal transmit-
ted/received by an ultrasound transducing element and is
configured to apply a bias voltage to the signal line, compris-
ing: detecting the bias voltage applied to the signal line; and
determining a state of the signal line on the basis of whether
the bias voltage is detected by the detecting part.

[0026] According to a 18th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe of a first type which has a
signal line for transmitting a signal to be transmitted/received
by an ultrasound transducing element or an ultrasound probe
of a second type which includes an electronic circuit which
has a signal line for transmitting a signal to be transmitted/
received by an ultrasound transducing element and is config-
ured to apply a bias voltage to the signal line, comprising:
identifying a diagnosis target as an ultrasound probe of the
first type or an ultrasound probe of the second type; changing
an application state of a test voltage to the signal line in
accordance with identification of the diagnosis target as an
ultrasound probe of the first type; determining a state of the
signal line on the basis of a transient response characteristic of
a signal line voltage of the signal line when the application
state of the test voltage is changed; detecting the bias voltage
applied to the signal line in accordance with identification of
a diagnosis target as an ultrasound probe of the second type;
and determining a state of the signal line on the basis of
whether the bias voltage is detected.

[0027] According to a 19th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe, of a plurality of ultra-
sound probes, which is set as a diagnosis target, comprising:
ameasuring part which measures a feature value of a reflected
ultrasound signal received from a test object by the ultrasound
probe set as the diagnosis target; and a determining part which
determines, on the basis of a reference value, of reference
values corresponding to the plurality of ultrasound probes,
which corresponds to the ultrasound probe set as the diagno-
sis target and the measured feature value, whether the ultra-
sound probe set as the diagnosis target is normal.

[0028] According to a 20th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which is configured to access a first database in which a first
reference value concerning feature values corresponding to a
plurality of ultrasound probes is written and a second data-
base in which a second reference value concerning variation
degrees of the feature values is written, and diagnoses an
ultrasound probe set as a diagnosis target, comprising: a mea-
suring part which measures the feature value of a reflected
ultrasound signal received from a test object by the ultrasound
probe set as the diagnosis target; a part which obtains a
variation degree of the measured feature value; an acquiring
part which acquires the first reference value and second ref-
erence value corresponding to the ultrasound probe set as the
diagnosis target from the first database and second database;
and a determining part which determines, on the basis of
comparison results obtained by comparing the measured fea-
ture value with the first reference value and comparing the
obtained variation degree with the second reference value,
whether the ultrasound probe set as the diagnosis target is
normal.

[0029] According to a 21st aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which is configured to access a database in which reference
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values concerning at least two of an amplitude, center fre-
quency, and bandwidth with respect to each of a plurality of
ultrasound probes are written, and diagnoses an ultrasound
probe set as a diagnosis target, comprising: a measuring part
which measures, as feature values, at least two of an ampli-
tude, center frequency, and bandwidth of a reflected ultra-
sound signal received from a test object by the ultrasound
probe set as the diagnosis target; an acquiring part which
acquires a reference value concerning each of the measured
feature values from the database in accordance with the ultra-
sound probe set as the diagnosis target; and a determining part
which determines, on the basis of comparison results
obtained by comparing each of the measured feature values
with the reference value corresponding to the each feature
value, whether the ultrasound probe set as the diagnosis target
is normal.

[0030] According to a 22nd aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which is configured to access a first database and second
database, and diagnoses an ultrasound probe, of a plurality of
ultrasound probes, which is set as a diagnosis target, the first
database having a first reference value written concerning
values of at least two of an amplitude, center frequency, and
bandwidth with respect to each of the plurality of ultrasound
probes, and the second database having a second reference
value written concerning variation degrees of at least two of
an amplitude, center frequency, and bandwidth with respect
to each of the plurality of ultrasound probes, the apparatus
comprising: a measuring part which measures, as feature
values, at least two of an amplitude, center frequency, and
bandwidth of a reflected ultrasound signal received from a
test object by the ultrasound probe set as the diagnosis target;
a part which obtains a variation degree of each of the mea-
sured feature values; an acquiring part which acquires a first
reference value and second reference value concerning each
of the measured feature values from the database in accor-
dance with the ultrasound probe set as the diagnosis target;
and a determining part which determines, on the basis of
comparison results obtained by comparing each of the mea-
sured feature values with the first reference value correspond-
ing to the each feature value and comparing each of the
obtained variation degrees with the second reference value
corresponding to the each variation degree, whether the ultra-
sound probe set as the diagnosis target is normal.

[0031] According to a 23rd aspect of the present invention,
there is provided an ultrasound diagnostic apparatus in which
one of a plurality of ultrasound probes is selectively mounted
to obtain information for diagnosis on a subject to be exam-
ined on the basis of a reflected ultrasound wave received from
the subject by the mounted ultrasound probe, comprising: a
measuring part which measures a feature value of a reflected
ultrasound signal received from a test object by the mounted
ultrasound probe; and a determining part which determines,
on the basis of a reference value, of reference values corre-
sponding to the plurality of ultrasound probes, which corre-
sponds to the mounted ultrasound probe and the measured
feature value, whether the mounted ultrasound probe is nor-
mal.

[0032] According to a 24th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus in
which one of a plurality of ultrasound probes is selectively
mounted to obtain information for diagnosis on a subject to be
examined on the basis of a reflected ultrasound wave received
from the subject by the mounted ultrasound probe, the ultra-
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sound diagnostic apparatus being configured to access a first
database in which a first reference value concerning a feature
value of each of the plurality of ultrasound probes and to
access a second database in which a second reference value
concerning a variation degree of the feature value, compris-
ing: a measuring part which measures the feature value of a
reflected ultrasound signal received from a test object by the
mounted ultrasound probe; a part which obtains a variation
degree of the measured feature value; an acquiring part which
acquires the first reference value and second reference value
corresponding to the mounted ultrasound probe from the first
database and second database; and a determining part which
determines, on the basis of comparison results obtained by
comparing the measured feature value with the first reference
value and comparing the obtained variation degree with the
second reference value, whether the mounted ultrasound
probe is normal.

[0033] According to a 25th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus in which
one of a plurality of ultrasound probes is selectively mounted
to obtain information for diagnosis on a subject to be exam-
ined on the basis of a reflected ultrasound wave received from
the subject by the mounted ultrasound probe, and which is
configured to access a database in which reference values
concerning at least two of an amplitude, center frequency, and
bandwidth with respect to each of the plurality of ultrasound
probes are written, comprising: a measuring part which mea-
sures, as feature values, at least two of an amplitude, center
frequency, and bandwidth of a reflected ultrasound signal
received from a test object by the mounted ultrasound probe;
anacquiring part which acquires a reference value concerning
each of the measured feature values from the database in
accordance with the mounted ultrasound probe; and a deter-
mining part which determines, on the basis of comparison
results obtained by comparing each of the measured feature
values with the reference value corresponding to the each
feature value, whether the mounted ultrasound probe is nor-
mal.

[0034] According to a 26th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus in which
one of a plurality of ultrasound probes is selectively mounted
to obtain information for diagnosis on a subject to be exam-
ined on the basis of a reflected ultrasound wave received from
the subject by the mounted ultrasound probe, the ultrasound
diagnostic apparatus being configured to access the first data-
base and second database, the first database having a first
reference value written concerning values of at least two of an
amplitude, center frequency, and bandwidth with respect to
each of the plurality of ultrasound probes, and the second
database having a second reference value written concerning
variation degrees of at least two of an amplitude, center fre-
quency, and bandwidth with respect to each of the ultrasound
probes, the apparatus comprising: a measuring part which
measures at least two of an amplitude, center frequency, and
bandwidth of a reflected ultrasound signal received from a
test object by the mounted ultrasound probe as feature values;
a part which obtains a variation degree of each of the mea-
sured feature values; an acquiring part which acquires a first
reference value and second reference value concerning the
measured feature values from the database in accordance with
the mounted ultrasound probe; and a determining part which
determines, on the basis of comparison results obtained by
comparing each of the measured feature values with the first
reference value corresponding to the each feature value and
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comparing each of the obtained variation degrees with the
second reference value corresponding to the each variation
degree, whether the mounted ultrasound probe is normal.
[0035] According to a 27th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe, of a plurality of ultrasound
probes, which is set as a diagnosis target, comprising: mea-
suring a feature value of a reflected ultrasound signal received
from a test object by the ultrasound probe set as the diagnosis
target; and determining, on the basis of a reference value, of
reference values corresponding to the plurality of ultrasound
probes, which corresponds to the ultrasound probe set as the
diagnosis target and the measured feature value, whether the
ultrasound probe set as the diagnosis target is normal.
[0036] According to a 28th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe set as a diagnosis target by
using a first database in which a first reference value concern-
ing feature values corresponding to a plurality of ultrasound
probes is written and a second database in which a second
reference value concerning variation degrees of the feature
values is written, comprising: measuring the feature value of
areflected ultrasound signal received from a test object by the
ultrasound probe set as the diagnosis target; obtaining a varia-
tion degree of the measured feature value; acquiring the first
reference value and second reference value corresponding to
the ultrasound probe set as the diagnosis target from the first
database and second database; and determining, on the basis
of comparison results obtained by comparing the measured
feature value with the first reference value and comparing the
obtained variation degree with the second reference value,
whether the ultrasound probe set as the diagnosis target is
normal.

[0037] According to a 29th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe set as a diagnosis target by
using a database in which reference values concerning at least
two of an amplitude, center frequency, and bandwidth with
respect to each of a plurality of ultrasound probes are written,
comprising: measuring, as feature values, at least two of an
amplitude, center frequency, and bandwidth of a reflected
ultrasound signal received from a test object by the ultrasound
probe set as the diagnosis target; acquiring a reference value
concerning each of the measured feature values from the
database in accordance with the ultrasound probe set as the
diagnosis target; and determining, on the basis of comparison
results obtained by comparing each of the measured feature
values with the reference value corresponding to the each
feature value, whether the ultrasound probe set as the diag-
nosis target is normal.

[0038] According to a 30th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe, of a plurality of ultrasound
probes, which is set as a diagnosis target, by using a first
database and second database, the first database having a first
reference value written concerning values of at least two of an
amplitude, center frequency, and bandwidth with respect to
each of the plurality of ultrasound probes, and the second
database having a second reference value written concerning
variation degrees of at least two of an amplitude, center fre-
quency, and bandwidth with respect to each of the plurality of
ultrasound probes, the method comprising: measuring, as
feature values, at least two of an amplitude, center frequency,
and bandwidth of a reflected ultrasound signal received from
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a test object by the ultrasound probe set as the diagnosis
target; obtaining a variation degree of each of the measured
feature values; acquiring a first reference value and second
reference value concerning each of the measured feature val-
ues from the database in accordance with the ultrasound
probe set as the diagnosis target; and determining, on the basis
of comparison results obtained by comparing each of the
measured feature values with the first reference value corre-
sponding to the each feature value and comparing each of the
obtained variation degrees with the second reference value
corresponding to the each variation degree, whether the ultra-
sound probe set as the diagnosis target is normal.

[0039] According to a 31st aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe, comprising: a checking
part which checks a state of the ultrasound probe on the basis
of a feature value of the ultrasound probe; an acquiring part
which acquires outer appearance information concerning an
appearance state of the ultrasound probe; and a presenting
part which presents both the check result and the acquired
outer appearance information.

[0040] According to a 32nd aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe, and obtains information for
diagnosis on a subject to be examined on the basis of a
reflected ultrasound wave received from the subject by the
ultrasound probe, comprising: an ultrasound probe diagnos-
ing apparatus; a checking part which checks a state of the
ultrasound probe on the basis of a feature value of the ultra-
sound probe; an acquiring part which acquires outer appear-
ance information concerning an appearance state of the ultra-
sound probe; and a presenting part which presents both the
check result and the acquired outer appearance information.
[0041] According to a 33rd aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe, comprising: checking a state
of the ultrasound probe on the basis of a feature value of the
ultrasound probe; acquiring outer appearance information
concerning an appearance state of the ultrasound probe; and
presenting both the check result and the acquired outer
appearance information.

[0042] According to a 34th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe having a plurality of
channels each including an ultrasound transducing element, a
signal line for transmitting a signal concerning the ultrasound
transducing element, and an contact with the plurality of
contacts being arrayed to form a connector, comprising: a part
which checks each of the plurality of channels; and a present-
ing part which presents the check result in correspondence
with an array of the plurality of contacts in the connector.
[0043] According to a 35th aspect of the present invention,
there is provided an ultrasound diagnostic apparatus which
includes an ultrasound probe having a plurality of channels
each including an ultrasound transducing element, a signal
line for transmitting a signal concerning the ultrasound trans-
ducing element, and an contact with the plurality of contacts
being arrayed to form a connector, and obtains information
for diagnosis on a subject to be examined on the basis of a
reflected ultrasound wave received from the subject by the
ultrasound probe, comprising: a part which checks each of the
plurality of channels; and a presenting part which presents the
check result in correspondence with an array of the plurality
of contacts in the connector.
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[0044] According to a 36th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe, comprising: a part
which obtains a predetermined feature value of a reflected
ultrasound signal received from a test object by the ultrasound
probe; and a generating part which generates a simulation
image simulating an ultrasound diagnostic apparatus using a
virtual ultrasound probe constructed on the basis of the
obtained feature value.

[0045] According to a 37th aspect of the present invention,
there is provided an ultrasound probe diagnosing method of
diagnosing an ultrasound probe, comprising: obtaining a pre-
determined feature value of a reflected ultrasound signal
received from a test object by the ultrasound probe; and
generating a simulation image simulating an ultrasound diag-
nostic apparatus using a virtual ultrasound probe constructed
on the basis of the obtained feature value.

[0046] According to a 38th aspect of the present invention,
there is provided an ultrasound probe diagnosing apparatus
which diagnoses an ultrasound probe having an array of a
plurality of ultrasound transducing elements on the basis of
how the ultrasound probe receives reflected ultrasound waves
from a test object placed to face the ultrasound probe, com-
prising: a part which makes a reception state of a reflected
ultrasound wave in the ultrasound probe appropriate; a part
which checks quality of a physical property of the ultrasound
probe by comparison with a predetermined reference value;
and a part which presents the check result.

[0047] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0048] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0049] FIG.1isablock diagram showing the basic arrange-
ment of an ultrasound probe diagnosing apparatus having a
function of diagnosing an ultrasound probe according to the
first embodiment of the present invention;

[0050] FIGS. 2A, 2B are views showing the outer appear-
ance of a probe holder;

[0051] FIG. 3 isaflowchart showing a processing sequence
for navigation by a control unit and navigation processing
unit in FIG. 1;

[0052] FIG. 4 is a view showing a state wherein the posture
of'a head unit in FIG. 1 is inappropriate;

[0053] FIG. 5 is a timing chart showing the state of a
reflected ultrasound signal in the state shown in FIG. 4;
[0054] FIGS. 6A, 6B, 6C, 6D, 6E, 6F, 6G are views for
explaining the generation of a navigation window by the
navigation processing unit in FIG. 1;

[0055] FIG. 7 is a view showing a state wherein the posture
of the head unit in FIG. 1 is appropriate;

[0056] FIG. 8 is a timing chart showing the state of a
reflected ultrasound signal in the state shown in FIG. 7;



US 2011/0275937 Al

[0057] FIG.9is atiming chart showing how times TR, TM,
and TL are matched with a reference time Tref irrelevant to a
focus time TF;

[0058] FIG. 10 is a timing chart showing how navigation is
performed with reference to the posture of the head unit setin
the past;

[0059] FIG. 11 is a view showing a modification of the
navigation window;

[0060] FIG. 12 is a view showing another modification of
the navigation window;

[0061] FIG. 13 is a graph showing still another modifica-
tion of the navigation window;

[0062] FIG.14isaview showing the appropriate posture of
the head unit when the ultrasound probe is of a convex sys-
tem;

[0063] FIG.15isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the second and
third embodiments;

[0064] FIGS. 16A, 16B are timing charts showing how the
repetition period is changed in accordance with a difference
in the focal length of the ultrasound probe shown in FIG. 15
in the second embodiment;

[0065] FIG.17 is atiming chart showing how the repetition
period is changed in the second embodiment;

[0066] FIG. 18 is a view showing an example of a compos-
ite signal obtained by a receiving unit in FIG. 15 in the second
embodiment;

[0067] FIG.19isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the fourth
embodiment;

[0068] FIG. 20 is a view showing how an ultrasound probe
of the first type is connected to a connector in FIG. 19;
[0069] FIG. 21 is a view showing how an ultrasound probe
of the second or third type is connected to the connector in
FIG. 19;

[0070] FIG. 22 is a flowchart showing a processing
sequence executed by a control unit when the state of a signal
line of the ultrasound probe connected to the connector in
FIG. 19 is diagnosed;

[0071] FIG. 23 is a graph showing how the voltage of a
signal line changes after the start of application of a voltage to
the signal line;

[0072] FIG. 24 is a block diagram showing the basic
arrangement of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe according to the
fifth to eighth embodiments;

[0073] FIG. 25 is a block diagram showing the character-
istic arrangement of the ultrasound diagnostic apparatus
according to the fifth embodiment;

[0074] FIG. 26 is a view showing the arrangement of a
reference database in FIG. 25;

[0075] FIGS. 27A, 27B are graphs showing an example of
a change in the amplitude of a reflected ultrasound signal and
a frequency spectrum;

[0076] FIG. 28 is a block diagram showing the character-
istic arrangement of an ultrasound diagnostic apparatus
according to the sixth embodiment;

[0077] FIG. 29 is a block diagram showing the character-
istic arrangement of an ultrasound diagnostic apparatus
according to the seventh embodiment;

[0078] FIG. 30 is a view showing the arrangement of a
reference database in FIG. 29;
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[0079] FIG. 31 is a block diagram showing the character-
istic arrangement of an ultrasound diagnostic apparatus
according to the eighth embodiment;

[0080] FIG. 32 is a view showing an example of how nor-
mal degrees are ranked;

[0081] FIG. 33 isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the ninth
embodiment;

[0082] FIG. 34 is a view showing an example of a report
generated by the ultrasound diagnostic apparatus in FIG. 33;
[0083] FIG. 35 is a view showing a modification of the
image displayed on the report shown in FIG. 34;

[0084] FIG. 36 is ablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the embodi-
ment;

[0085] FIG. 37 is a view showing an example of the outer
appearance of a connector in FIG. 36;

[0086] FIG. 38 is a view showing an example of an image
displayed by the first display method;

[0087] FIG. 39 is a view showing an example of an image
displayed by the second display method;

[0088] FIGS. 40A, 40B are views showing an example of
an image displayed by the third display method;

[0089] FIG. 41 is ablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the 11th
embodiment;

[0090] FIGS. 42A, 42B are flowcharts showing a process-
ing sequence executed by a control unit for diagnosing an
ultrasound probe in FIG. 41; and

[0091] FIG. 43 is a view showing an example of a compara-
tive display image.

DETAILED DESCRIPTION OF THE INVENTION

[0092] The embodiments of the present invention will be
described below with reference to the views of the accompa-
nying drawing.

First Embodiment

[0093] FIG.1isablockdiagram showing the basic arrange-
ment of an ultrasound diagnostic apparatus having a function
of diagnosing an ultrasound probe according to the first
embodiment. This ultrasound diagnostic apparatus includes a
main unit 100 and ultrasound probe 200. The ultrasound
probe 200 includes a connector 201, head unit 202, cable unit
203, and identification information output unit 204.

[0094] The connector 201 is connected to the main unit
100. The head unit 202 is formed by arraying a plurality of
ultrasound transducing elements 202a one-dimensionally or
two-dimensionally. Each of the ultrasound transducing ele-
ments 202a is connected to the connector 201 through a signal
line 203a provided in the cable unit 203. The connector 201 is
provided with contacts 201a connected to the signal lines
203a. That is, the ultrasound probe 200 comprises a plurality
of'channels in parallel, each including the contact 201a, ultra-
sound transducing element 202a, and signal line 203a.
[0095] The identification information output unit 204 out-
puts identification information assigned to the ultrasound
probe 200. The connector 201 is also provided with a contact
201a connected to the identification information output unit
204.
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[0096] The main unit 100 includes connectors 101, 102,
and 103, a transmitting unit 104, a receiving unit 105, a
measuring unit 106, a storage medium 107, an interface unit
108, a display processing unit 109, a navigation processing
unit 110, a control unit 111, and a medical diagnosing unit
112.

[0097] The connector 201 provided in the ultrasound probe
200 is attached to the connector 101. The connector 101 has
contacts 101a equal in number to the contacts 201a provided
on the connector 201. The contacts 101a are so arranged as to
come into contact with the contacts 2014, respectively, when
the connector 201 is attached to the connector 101. An exter-
nal device (not shown) is connected to the connector 102
through a communication cable (not shown) such as a USB
(Universal Serial Bus) cable. This external device is, for
example, a printer, network, personal computer, keyboard,
and pointing device. A monitor device (not shown) is con-
nected to the connector 103 through a monitor cable (not
shown).

[0098] The transmitting unit 104 transmits excitation sig-
nals for exciting the ultrasound transducing elements 202a.
The transmitting unit 104 can transmit excitation signals for
the respective ultrasound transducing elements 2024 in par-
allel. The receiving unit 105 receives the signals received by
the ultrasound transducing elements 202a. The receiving unit
105 can receive the signals received by the ultrasound trans-
ducing elements 202a in parallel. The receiving unit 105
outputs the received signals.

[0099] The measuring unit 106 measures the feature values
of the signals output from the receiving unit 105. A feature
value includes, for example, the time required between trans-
mitting an ultrasound wave and receiving the reflected ultra-
sound wave. The measuring unit 106 outputs measurement
information indicating the measured feature values to the
storage medium 107, interface unit 108, display processing
unit 109, navigation processing unit 110, or control unit 111
under the control of the control unit 111. The storage medium
107 is, for example, a semiconductor memory. The storage
medium 107 stores various kinds of information such as the
above measurement information. The interface unit 108 per-
forms communication processing conforming to, for
example, the USB standard to realize communication with
the external device connected to the connector 102. The dis-
play processing unit 109 generates an image signal for caus-
ing the monitor device connected to the connector 103 to
display an image on the basis of the above measurement
information, information supplied from the control unit 111,
and the like.

[0100] The navigation processing unit 110 comprises, for
example, a microprocessor. The navigation processing unit
110 determines the posture of the ultrasound probe 200, and
more specifically, the posture of the head unit 202 by properly
referring to the measurement information output from the
measuring unit 106 and the data supplied from the storage
medium 107 under the control of the control unit 111. The
navigation processing unit 110 generates navigation window
information for navigating the operation of changing the pos-
ture of the ultrasound probe 200 so as to eliminate the differ-
ence between the determined posture and the predetermined
reference posture. The navigation window information is out-
put to an external device through the interface unit 108 and
connector 102 or output to the display processing unit 109.
[0101] The control unit 111 comprises, for example, a
microprocessor. The control unit 111 systematically controls
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the respective units of the main unit 100 to realize operation
for the diagnosis of the ultrasound probe 200. The control unit
111 also has a function of sending data necessary for process-
ing in the navigation processing unit 110 from the storage
medium 107 to the navigation processing unit 110.

[0102] The medical diagnosing unit 112 also includes an
imaging control unit 112a¢, image generating unit 1125,
memory unit 112¢, and display unit 1124. The imaging con-
trol unit 112a controls the transmitting unit 104, receiving
unit 105, and image generating unit 1124 so as to perform
proper imaging processing in accordance with diagnosis con-
tents or the like. The image generating unit 1125 generates
display data for displaying an image for medical diagnosis on
the basis of the signals output from the receiving unit 105. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
The memory unit 112¢ stores the above display data. The
display unit 1124 performs display operation based on the
display data.

[0103] The operation of the ultrasound diagnostic appara-
tus having the above arrangement will be described next.
[0104] When medical diagnosis on a subject to be exam-
ined is to be performed by using the ultrasound probe 200,
information useful for medical diagnosis can be presented by
activating the medical diagnosing unit 112 in the same man-
ner as a known ultrasound diagnostic apparatus.

[0105] In diagnosing the ultrasound probe 200, a mainte-
nance operator places a test object in a medium such as water
in a vessel such as a water bath and also makes the head unit
202 face the test object in advance, as shown in FIG. 1.
[0106] At this time, the ultrasound probe 200 is held by the
probe holder 300 shown in FIG. 2A in a state like that shown
in FIG. 2B. A probe holder 300 holds the ultrasound probe
200 by clamping it between two opposing restraining mem-
bers 301 and 302. This allows the ultrasound probe 200 to
only rotate about an axis along the pressing direction of the
restraining members 301 and 302 and slide in a direction
perpendicular to the pressing direction while fixing the pos-
ture of the probe in other directions.

[0107] If it is required to diagnose the ultrasound probe
200, the control unit 111 executes processing like that shown
in FIG. 3. In step Sal, the control unit 111 reads in the
identification information output from the identification
information output unit 204. In step Sa2, the control unit 111
acquires focus information concerning the model of the ultra-
sound probe 200 connected to the connector 101. The model
of the ultrasound probe 200 is determined on the basis of the
above identification information. The identification informa-
tion is information for specifying each ultrasound probe 200,
and does not generally include information indicating a
model. The control unit 111 determines the model of the
ultrasound probe 200 by referring to a database in which
pieces of model information are written in correspondence
with various kinds of identification information. The database
may be acquired in advance from the external device con-
nected to the connector 102 or stored in advance in the storage
medium 107. Alternatively, information indicating a model
may be contained in identification information, and the con-
trol unit 111 may directly determine the model of the ultra-
sound probe 200 from this information. Focus information is
information containing the focus time TF which is the time
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required for an ultrasound wave to reciprocate to a focus
point. The control unit 111 acquires focus information from
the above database or another database. Note that when only
the single model of the ultrasound probe 200 is to be diag-
nosed, such processing can be omitted.

[0108] In step Sa3, the control unit 111 causes the trans-
mitting unit 104 to sequentially excite the ultrasound trans-
ducing elements 202a for posture detection which are
selected in advance from all the ultrasound transducing ele-
ments 202q. In this case, the number of ultrasound transduc-
ing elements 202a for posture detection may be arbitrary as
long as it is plural. The ultrasound transducing elements 202a
for posture detection which are to be excited are preferably
spaced apart as far as possible. In this embodiment, two
ultrasound transducing elements 202a located on the two
ends of the head unit 202 and one ultrasound transducing
element 202a located in the middle of the head unit 202, i.e.,
a total of three ultrasound transducing elements 202a, are
used as the ultrasound transducing elements 202a for posture
detection. In the following description, for the sake of
descriptive convenience, these three ultrasound transducing
elements will be referred to as transducers R, L, and M. The
transducer M is the ultrasound transducing element 202a
located in the middle of the head unit 202. In addition, chan-
nels including the transducers R, L, and M will be referred to
as channels CHR, CHL, and CHM, respectively.

[0109] When the transducers R, M, and L are excited,
reflected ultrasound signals from the test object are received
by the receiving unit 105 through the above exited transducers
R, M, and L, signal lines 203a, contacts 201a, and contacts
101a. As a consequence, the digital signals of the reflected
ultrasound signals from the channels CHR, CHM, and CHL
are obtained and input to the measuring unit 106. The mea-
suring unit 106 then measure times TR, TM, and TL taken
between exciting the transducers R, M, and L and receiving
the corresponding reflected ultrasound signals.

[0110] In step Sad, the control unit 111 instructs the navi-
gation processing unit 110 to execute posture determination.
At this time, the control unit 111 notifies the navigation pro-
cessing unit 110 of a focus time TF indicated by the focus
information acquired in step Sa2.

[0111] In response to this instruction, the navigation pro-
cessing unit 110 starts processing like that shown in FIG. 3. In
step Sb1, the navigation processing unit 110 acquires the
times TR, TM, and TL measured by the measuring unit 106 in
the above manner. In step Sb2, the navigation processing unit
110 initializes variables NFL and NFD.

[0112] Instep Sb3, the navigation processing unit 110 com-
pares the time TM with the focus time TF notified from the
control unit 111. If the time TM is larger than the focus time
TF, the processing of the navigation processing unit 110
advances from step Sb3 to step Sb4 to set the variable NFL to
“~17. If the time TM is equal to the focus time TF, the
processing of the navigation processing unit 110 advances
from step Sb3 to step Sb5 to set the variable NFL to “0”. If the
time TM is smaller than the focus time TF, the processing of
the navigation processing unit 110 advances from step Sb3 to
step Sb6 to set the variable NFL to “1”.

[0113] Letting C be the sound velocity of an ultrasound
wave propagating in the medium, L be the distance between
the ultrasound transducing element 202a and the test object,
and T be the time required between transmitting an ultrasound
wave and receiving it, it is known that T=2L/C. Therefore, as
shown in FIG. 5, if the time TM is larger than the focus time
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TF, the distance LM between the transducer M and the test
object is larger than the focal length LF of the ultrasound
probe 200. The variable NFL is set to “~1” when distance
LM>focal length LF, “0” when distance LM=focal length LF,
and “1” when distance LM<focal length LF.

[0114] The processing of the navigation processing unit
110 advances from step Sbd, step Sb5, or step Sb6 to step Sb7.
In step Sb7, the navigation processing unit 110 compares the
time TR with the time TL. If the time TR is larger than the time
TL, the processing of the navigation processing unit 110
advances from step Sb7 to step Sb8 to set the variable NFD to
“~17. If the time TM is equal to the time TL, the processing of
the navigation processing unit 110 advances from step Sb7 to
step Sb8 to set the variable NFD to “0”. If the time TM is
smaller than the time TL, the processing of the navigation
processing unit 110 advances from step Sb7 to step Sb10 to
set the variable NFD to “1”.

[0115] As described above, the times TR and TL are pro-
portional to distances LR and LL between the transducers R
and L and the test object. If, therefore, as shown in FIG. 5, the
time TL is larger than the time TR, the distance LL is larger
than the distance LR. In this case, for example, the head unit
takes a posture like that shown in FIG. 4. The variable NFD is
set to “~1” when distance LR>distance LL, “0” when dis-
tance LR=distance LL, and “1”” when distance LR<distance
LL.

[0116] The processing of the navigation processing unit
110 advances from step Sb8, step Sb9, or step S10 to step
Sb11. In step Sb11, the navigation processing unit 110 gen-
erates navigation window information representing a naviga-
tion window corresponding to the variables NFL and NFD.
[0117] Assume that the navigation window uses the image
shown in FIG. 6A as a base image. This base image contains
arrows A1, A2, A3, and A4 pointing up, down, left, and right
and arrows A5 and A6 pointing clockwise and counterclock-
wise.

[0118] The navigation processing unit 110 changes the col-
ors of the arrows Al and A2 in accordance with the variable
NFL. More specifically, if the variable NFL is “-17, the
navigation processing unit 110 changes the color of the arrow
A2 as indicated by the hatching in FIG. 6B. If the variable
NFL is “0”, the navigation processing unit 110 changes nei-
ther of the colors of the arrows Al and A2, as shown in FIG.
6B. If the variable NFL is “1”, the navigation processing unit
110 changes the color of the arrow Al as indicated by the
hatching in FIG. 6D.

[0119] The navigation processing unit 110 changes the col-
ors of the arrows A5 and A6 in accordance with the variable
NFD. More specifically, if the variable NFD is “~17, the
navigation processing unit 110 changes the color of the arrow
AS5 as indicated by the hatching in FIG. 6E. If the variable
NFD is “0”, the navigation processing unit 110 changes nei-
ther of the colors of the arrows A5 and A6 as shown in FIG. 6F.
Ifthe variable NFD is “1”, the navigation processing unit 110
changes the color of the arrow A6 as indicated by the hatching
in FIG. 6G.

[0120] The navigation processing unit 110 generates a
navigation window by combining one of the windows shown
in FIGS. 6A to 6D with one of the windows shown in FIGS.
6E to 6G. The navigation processing unit 110 outputs the
navigation window information generated in this manner to
the display processing unit 109. The display processing unit
109 generates a signal for causing the monitor device to
display the navigation window on the basis of the navigation
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window information, and outputs the information to the con-
nector 103. The navigation window information can be output
to an external device through the interface unit 108 and con-
nector 102.

[0121] In step Sb12, the navigation processing unit 110
notifies the control unit 111 of the variables NFL and NFD.
The navigation processing unit 110 terminates the processing
in FIG. 3.

[0122] If the maintenance operator changes the posture of
the head unit 202 in accordance with the navigation window,
the difference between the time TM and the focus time TF or
the difference between the time TL and the time TR is
reduced. As shown in FIG. 8, if the time TM coincides with
the focus time TF, the distance LM coincides with the focal
length LF. In addition, if the time TR coincides with the time
TL, the distances LR, LM, and LL coincide with each other.
Therefore, all the distances LR, LM, and LL coincide with the
focal length LF. That is, as shown in FIG. 7, the test object is
located at the focus point of the ultrasound probe 200, and the
array surface of the ultrasound transducing elements 202a
becomes parallel to the test object. In this state, since the time
TM coincides with the focus time TF and the time TR coin-
cides with the time TL, both the variables NFL. and NFD
become “0”.

[0123] Upon issuing an instruction to execute posture
determination in step Sad, the control unit 111 advances to
step SaS. In step S5, the control unit 111 acquires the vari-
ables NFL and NFD notified from the navigation processing
unit 110 in the above manner. In step Sa6, the control unit 111
checks whether both the variables NFL and NFD are “0”. If
either of the variables NFL and NFD is not “0”, the control
unit 111 repeats the processing in step Sa3 and the subsequent
steps. If the head unit 202 takes the posture shown in FIG. 7,
and both the variables NFL and NFD become “0”, the control
unit 111 terminates the processing in FIG. 3.

[0124] As described above, according to the first embodi-
ment, the maintenance operator can place the test object at the
focus point of the head unit 202 and make the array surface of
the ultrasound transducing elements 2024 parallel to the test
object by changing the posture of the head unit 202 as indi-
cated by the arrows whose colors are changed in the naviga-
tion window. This therefore facilitates the operation by the
maintenance operator, reduces the load on the maintenance
operator, and allows the maintenance operator to properly
adjust the posture of the ultrasound probe.

[0125] The first embodiment can be variously modified as
follows.

[0126] Asshown inFIG. 9, navigation may be performed to
match the respective times TR, TM, and TL with the reference
time Tref irrelevant to the focus time TF. At this time,
although the reference time Tref may be arbitrarily set, any
one of the times TR, TM, and TL measured at first or a time
predetermined for each of the ultrasound probes 200 may be
used.

[0127] Navigation may be performed to match the respec-
tive times TR, TM, and TL with each other without referring
to a reference time like the focus time TF.

[0128] Navigation may be performed with reference to the
posture of the head unit 202 which is set in the past. More
specifically, the times TR, TM, and TL measured by the
measuring unit 106 in the past are stored as times TRold,
TMold, and TLold in the storage medium 107. Navigation is
performed to bring newly measured times TRnew, TMnew,
and TLnew to the times TRold, TMold, and TLold, respec-
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tively. For example, as TRS=TRnew-TRold, TMS=TMnew-
TMold, and TLS=TLnew-TLold, differential times TRS,
TMS, and TLS like those shown in FIG. 10 are obtained. Ifthe
signs of the differential times TRS, TMS, and TLS are (+),
navigation may be performed to bring the right end, middle,
and left end of the head unit 202 close to the test object. If the
signs of the differential times TRS, TMS, and TLS are (-),
navigation may be performed to move the right end, middle,
and left end of the head unit 202 away from the test object.
Although the times TR, TM, and TL measured at an arbitrary
time point may be set as the times TRold, TMold, and TLold,
these times may be measured at a time point when a registra-
tion instruction is issued by the maintenance operator.

[0129] The navigation window may include a photograph
of the head unit 202 or computer graphics image as shown in
FIG. 11. This makes it easy for the maintenance operator to
recognize which posture change of the head unit 202 is indi-
cated by a given arrow. In addition, the tilt angle of the head
unit 202 may be obtained on the basis of the times TR, TM,
and TL to tilt the photograph ofthe head unit 202 or computer
graphics image on the basis of the tilt angle, as shown in FIG.
11. This allows the maintenance operator to intuitively rec-
ognize what posture the head unit 202 is in. Note that if a
photograph or computer graphics image is tilted in this man-
ner, navigation display with arrows can be omitted.

[0130] A navigation window may be designed to display a
character message as shown in FIG. 12. Alternatively, the
navigation processing unit 110 may generate sound informa-
tion for outputting the above character message in the form of
sound.

[0131] As shown in FIG. 13, a navigation window may be
designed such that arrows A11 and A12 for navigation are
displayed while being superimposed on images respectively
indicating the waveforms of reflected ultrasound signals
received through the channels CHR, CHM, and CHL.

[0132] A moving image or animation which indicates how
the posture of the head unit 202 is changed may be prepared,
and may be included in a navigation window.

[0133] Ifthe resolution with which the times TR, TM, and
TL are measured by the measuring unit 106 is high, it is
difficult to adjust the posture of the head unit 202 so as to
match the time TM with the focus time TF and also match the
time TR with the time TL. In such a case, allowable ranges are
preferably provided in comparing the time TM with the focus
time TF and comparing the time TR with the time TL. If, for
example, the difference between the time TM and the focus
time TF falls within the allowable range, it may be determined
that the time TM coincides with the focus time TF. If the
difference between the time TR and the time TL falls within
the allowable range, it may be determined that the time TR
coincides with the time TL.

[0134] If the ultrasound probe 200 is of a convex type, as
shown in FIG. 14, a test object to be used is the one that has a
reflecting surface with a curvature Rt corresponding to a
curvature R of the emitting surface of the ultrasound probe
200. In this case, the curvature Rt is given by Rt=R+F where
F is the focal length of the ultrasound probe 200. In this case,
itis necessary to match the central point of the curvature of the
emitting surface of the ultrasound probe 200 with the central
point of the curvature of the reflecting surface of the test
object. In this case as well, according to this embodiment, it
suffices if reference values are set for the times TR, TM, and
TL, respectively, to satisfy the above condition and naviga-
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tion is performed so as to match the times TR, TM, and TL
with the respective reference values.

[0135] The transmitting unit 104 and receiving unit 105
each may be designed to have a 1-channel arrangement by
using a matrix switch with a multiplexer arrangement. This
makes it possible to reduce the circuit sizes of the transmitting
unit 104 and receiving unit 105.

[0136] Display operation based on a signal generated by the
display processing unit 109 may be performed by the display
unit 1124. In this case, the display processing unit 109 is
connected to the image generating unit 1125. The image
generating unit 1125 generates display data from the signal
generated by the display processing unit 109. The display
data is written in the memory init 112¢.

[0137] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting the medical diagnos-
ing unit 112.

Second and Third Embodiments

[0138] FIG.15isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the second and
third embodiments.

[0139] This ultrasound diagnostic apparatus includes a
main unit 400 and ultrasound probe 200.

[0140] The main unit 400 includes connectors 401, 402,
and 403, a transmitting unit 404, a receiving unit 405, a
measuring unit 406, a storage medium 407, an interface unit
408, a display processing unit 409, a control unit 410, and a
medical diagnosing unit 411.

[0141] The connector 201 provided in the ultrasound probe
200 to be diagnosed is attached to a connector 401. The
connector 401 has contacts 401a equal in number to contacts
201a provided on the connector 201. The contacts 401a are so
arranged as to come into contact with the contacts 201a,
respectively, when the connector 201 is attached to the con-
nector 401. An external device (not shown) is connected to the
connector 402 through a communication cable (not shown)
such as a USB cable. This external device is, for example, a
printer, network, personal computer, keyboard, and pointing
device. A monitor device (not shown) is connected to the
connector 403 through a monitor cable (not shown).

[0142] The transmitting unit 404 transmits excitation sig-
nals for exciting ultrasound transducing elements 202a. The
transmitting unit 404 can transmit excitation signals for the
respective ultrasound transducing elements 2024 in parallel.
The receiving unit 405 receives the signals received by the
ultrasound transducing elements 202a. The receiving unit
405 can receive the signals received by the respective ultra-
sound transducing elements 202a in parallel. The receiving
unit 405 holds reception signals sequentially received by
repetitive transmission/reception performed for each ultra-
sound transducing element 2024, and adds them together. The
receiving unit 405 outputs the reception signals or a signal
obtained by the above addition (to be referred to as a com-
posite signal hereinafter).

[0143] The measuring unit 406 measures the feature value
of the composite signal output from the receiving unit 405.
The measuring unit 406 outputs measurement information
indicating the feature value obtained by the above measure-
ment processing to the storage medium 407, interface unit
408, display processing unit 409, or control unit 410 under the
control of the control unit410. The storage medium 407 is, for
example, a semiconductor memory. The storage medium 407
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stores various kinds of information such as the above mea-
surement information. The interface unit 408 performs com-
munication processing conforming to, for example, the USB
standard to realize communication with the external device
connected to the connector 402. The display processing unit
409 generates an image signal for causing the monitor device
connected to the connector 403 to display an image on the
basis of the above measurement information, information
supplied from the control unit 410, and the like.

[0144] The control unit 410 comprises, for example, a
microprocessor. The control unit 410 systematically controls
the respective units of the main unit 400 to realize operation
for the diagnosis of the ultrasound probe 200. The control unit
410 also has a function of determining the focal length of the
ultrasound probe 200. The control unit 410 has a function of
variably setting the repetition period of transmission/recep-
tion of ultrasound waves. The control unit 410 has a function
of controlling the transmitting unit 404 to transmit ultrasound
signals to the ultrasound probe 200 in a transmission interval
starting from each period set as described above. In addition,
the control unit 410 has a function of diagnosing the ultra-
sound probe 200 on the basis of the measurement information
obtained by the measuring unit 406, e.g., the feature value of
the composite signal.

[0145] The medical diagnosing unit 411 also includes an
imaging control unit 411a, image generating unit 4115,
memory unit 411¢, and display unit 4114. The imaging con-
trol unit 411a controls the transmitting unit 404, receiving
unit 405, and image generating unit 4115 so as to perform
proper imaging processing in accordance with diagnosis con-
tents or the like. The image generating unit 4115 generates
display data for displaying an image for medical diagnosis on
the basis of the signals output from the receiving unit 405. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
The memory unit 411c¢ stores the above display data. The
display unit 411d performs display operation based on the
display data.

[0146] The above arrangement is common to the second
and third embodiments. The second and third embodiments
differ in the contents of processing performed by the control
unit 410 as will be described below concerning the following
operation.

Second Embodiment

[0147] The operation of the ultrasound diagnostic appara-
tus according to the second embodiment will be described
below.

[0148] When medical diagnosis on a subject to be exam-
ined is to be performed by using an ultrasound probe 200,
information useful for medical diagnosis can be presented by
activating a medical diagnosing unit 411 in the same manner
as a known ultrasound diagnostic apparatus.

[0149] In diagnosing the ultrasound probe 200, a mainte-
nance operator places a test object in a medium such as water
in a vessel such as a water bath and also makes a head unit 202
face the test object in advance, as shown in FIG. 15. The
maintenance operator adjusts the distance between the ultra-
sound probe 200 and the test object so as to position the
reflecting surface of the test object at the focus point of the
ultrasound probe 200.
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[0150] If it is required to diagnose the ultrasound probe
200, a control unit 410 reads in the identification information
output from an identification information output unit 204.
The control unit 410 then acquires focus information con-
cerning the model of the ultrasound probe 200. Subsequently,
the control unit 410 acquires focus information concerning
the model of the ultrasound probe 200. The model of the
ultrasound probe 200 is determined on the basis of the above
identification information. The identification information is
information for specifying each ultrasound probe 200, and
does not generally include information indicating a model.
The control unit 410 determines the model of the ultrasound
probe 200 by referring to a database in which pieces of model
information are written in correspondence with various kinds
of identification information. The database may be acquired
in advance from the external device connected to a connector
402 or stored in advance in a storage medium 407. Alterna-
tively, information indicating a model may be contained in
identification information, and the control unit 410 may
directly determine the model of the ultrasound probe 200
from this information. Focus information is information con-
cerning the focus ofthe ultrasound probe 200, and indicates at
least a focal length F. Focus information may be prepared for
each ultrasound probe 200. In this case, focus information
corresponding to the ultrasound probe 200 connected to a
connector 401 may be acquired in accordance with identifi-
cation information.

[0151] The control unit 410 determines a repetition period
Tt on the basis of the focal length F indicated by the acquired
focus information in the following manner. First of all, the
control unit 410 calculates a time Ta required between trans-
mitting an ultrasound signal from the ultrasound probe 200
and receiving the ultrasound signal reflected by the test object
as Ta=2F/C where C is the propagation velocity of an ultra-
sound wave in the medium in the vessel. The control unit 410
obtains the repetition period Tf as Tf=ts+Ta+td where ts is the
length of an interval during which an ultrasound wave is
transmitted, and td is the time taken for the reflected ultra-
sound signal which has reached the ultrasound probe 200 to
disappear.

[0152] The control unit 410 causes a transmitting unit 404
to excite an ultrasound transducing element 202a to transmit
an ultrasound signal at the repetition period Tf determined in
the above manner. As described above, the length of one
ultrasound signal transmission interval is represented by ts. A
reflected ultrasound signal from the test object is received by
a receiving unit 405 through the above excited ultrasound
transducing element 2024 and a signal line 203a. The receiv-
ing unit 405 holds this reception signal for each period. Upon
receiving signals throughout n periods (n is an arbitrary inte-
ger), the receiving unit 405 adds the reception signals corre-
sponding to the n periods with reference to the transmission
start timing of the ultrasound signal in each period. The
receiving unit 405 then outputs the composite signal obtained
by addition to a measuring unit 406. The measuring unit 406
then measures the feature value of the composite signal and
generates measurement information indicating the feature
value.

[0153] The control unit 410 diagnoses the ultrasound probe
200 on the basis of the above measurement information. The
control unit 410 diagnoses whether, for example, the ultra-
sound probe 200 is normal. However, an item concerning the
ultrasound probe 200 which is to be diagnosed may be arbi-
trary.
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[0154] The repetition period T is determined in consider-
ation of the focal length of the ultrasound probe 200 as
described above. For this reason, when the ultrasound probe
200 with 2F/C=Tal is connected to the connector 401 and
when the ultrasound probe 200 with 2F/C=Ta2 (Ta2<Tal) is
connected to the connector 401, repetition periods Tfl and
T12 are set, respectively, as shown in FIGS. 16A and 16B. In
this case, since Ta2<Tal, Tf1<Tf2. Each of the repetition
periods Tf1 and Tf2 is set by adding a time Ts and time Td to
a time Tal or Time Ta2, an ultrasound signal is transmitted
immediately after the disappearance of the reflected ultra-
sound signal in either case.

[0155] According to the second embodiment, therefore, the
idle time between the reception of a reflected ultrasound
signal and the transmission of the next reflected ultrasound
signal can be eliminated. This makes it possible to minimize
the time corresponding to the n periods. As a consequence, the
ultrasound probe 200 can be efficiently and quickly diag-
nosed.

Third Embodiment

[0156] The operation of an ultrasound diagnostic apparatus
according to the third embodiment will be described below.
[0157] Conditions for diagnosis of an ultrasound probe 200
are set in the same manner as described in the second embodi-
ment. A control unit 410 operates in the same manner as in the
second embodiment up to the acquisition of focus informa-
tion.

[0158] The control unit 410 determines repetition periods
Tf1, Tf2, Tf3, . . ., Tth on the basis of a focal length F
indicated by acquired focus information in the following
manner. First of all, the control unit 410 calculates a time Ta
required between transmitting an ultrasound signal from the
ultrasound probe 200 and receiving the ultrasound signal
reflected by a test object as Ta=2F/C. The control unit 410
obtains a reference value Tf of the repetition period as Tf=ts+
Ta+td. The control unit 410 obtains a repetition period Tfi
(i=1,2,3,...,n)as Tfi=Tf+jx(i-1) wherej is a constant. That
is, the repetition period Tl is set to the reference value Tf,
and Tf2, Tf3, . . ., Tth are sequentially incremented by the
constant j at a time.

[0159] The control unit 410 causes a transmitting unit 404
to excite ultrasound transducing elements 202a to repeatedly
transmit ultrasound signals. As the repetition period of this
ultrasound transmission, TT1, Tf2, T13, ..., Tth determined in
the above manner are sequentially used for each period. That
is, as shown in FIG. 17, the first repetition period is set to Tfl1,
and the second repetition period is set to Tf2. Assume that the
length of the transmission interval of one ultrasound signal is
kept set to ts. Therefore, the lengths Tr1, Tr2, Tr3, .. ., Trn of
a reception interval sequentially increase.

[0160] A receiving unit 405 receives a reflected ultrasound
signal in a reception interval. The receiving unit 405 then
obtains a composite signal by adding reception signals cor-
responding to n periods in the same manner as in the first
embodiment.

[0161] Since the ultrasound probe 200 and test object are
maintained in the state described above, a reflected ultra-
sound signal is supposed to reach the ultrasound probe 200 at
a point of time when almost the time Ta has elapsed since the
transmission of the ultrasound signal in each period. When a
multiplex reflected signal is generated, the multiplex reflected
signal reaches the ultrasound probe 200 at a point of time
when an almost time (N)Ta has elapsed since the transmission
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of the ultrasound signal in each period. If the time (N)Ta is
larger than Tfi, the multiplex reflected signal reaches the
ultrasound probe 200 in the subsequent period. In this case, a
time Thi between the start timing of the period in which the
multiplex reflected signal is received and the reception of the
multiplex reflected signal is obtained as (N)Ta—Tri. As shown
in FIG. 17, a time Tb1 associated with a multiplex reflected
signal MF1 of an ultrasound signal transmitted in the first
period is given by (N)Ta-Trl. A time Tb2 associated with a
multiplex reflected signal MF2 of the ultrasound signal trans-
mitted in the second period is given by (N)Ta-Tr2. Since
times Tr1, Tr2, Tr3, . . . , Trn sequentially change, the times
Tb1,Tb2, T3, ..., Tbn also sequentially change. Therefore,
the timing at which a multiplex reflected signal is received
within one period changes for each period.

[0162] When reception signals in the respective n periods
are added together with reference to the transmission start
timings of ultrasound signals in the respective periods, since
the reflected signals are supposed to appear at the same tim-
ing, they are added together. As a consequence the level of the
resultant signal increases by almost n times. However, mul-
tiplexed reflected signals appear discretely and hence are
hardly added. As a result, the original reflected ultrasound
signal components of the composite signal become suffi-
ciently larger than the multiplex reflected signal components,
as shown in FIG. 18.

[0163] As described above, according to the third embodi-
ment, the reflected ultrasound signal component of a compos-
ite signal can be easily discriminated from the multiplex
reflected signal components. Therefore, proper diagnosis can
be performed, while the influences of multiplex reflected
signals are reduced, by diagnosing the ultrasound probe 200
with attention being paid only to the feature amount of a
composite signal associated with reflected ultrasound signal
components.

[0164] According to the third embodiment, the minimum
value of a repetition period is set in the same manner as in the
second embodiment. For this reason, suppressing the repeti-
tion periods Tf1, Tf2, Tf3, . . ., Tfn to necessary minimum
values makes it possible to efficiently and quickly perform
diagnosis.

[0165] The second and third embodiments described above
can be variously modified as follows.

[0166] The repetition period Tf in the second embodiment
and the reference value Tf in the third embodiment may be
determined with slight margins being added.

[0167] According to the second and third embodiments, a
value input by the maintenance operator can be acquired as a
focal length.

[0168] In the second or third embodiment, on the assump-
tion that the distance between the ultrasound probe 200 and a
test object is adjusted to coincide with the focal length of the
ultrasound probe 200, a repetition period is determined with
the focal length being regarded as the distance. However, the
above distance need not always be matched with the focal
length. If the distance is not set to coincide with the focal
length, the distance should be determined, and a repetition
period should be determined on the basis of the distance. If,
for example, a distance is set for each ultrasound probe 200 or
each type of ultrasound probe, a necessary distance may be
acquired from a database or the like. Alternatively, a distance
input by the maintenance operator can be acquired.
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[0169] In the second or third embodiment, the ultrasound
probe 200 may be diagnosed by referring to the feature
amount measured for each signal without combining signals
in a plurality of periods.

[0170] In the third embodiment, the minimum value of a
repetition period may be set regardless of the focal length.
[0171] In the third embodiment, a repetition period can be
changed in an arbitrary manner. For example, an increase in
repetition period may be varied. Alternatively, a repetition
period may be sequentially decreased or may be repeatedly
increased and decreased.

[0172] Inthe second or third embodiment, the transmitting
unit 404 and receiving unit 405 each may be designed to have
a 1-channel arrangement by using a matrix switch with a
multiplexer arrangement. This makes it possible to reduce the
circuit sizes of the transmitting unit 404 and receiving unit
405.

[0173] Display operation based on a signal generated by a
display processing unit 409 may be performed by a display
unit 411d. In this case, the display processing unit 409 is
connected to the image generating unit 4115. The image
generating unit 4115 generates display data from the signal
generated by the display processing unit 409. The display
data is written in the memory init 411c.

[0174] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting a medical diagnosing
unit 411.

Fourth Embodiment

[0175] FIG.19isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the fourth
embodiment. This ultrasound diagnostic apparatus includes a
main unit 500 and ultrasound probe 600.

[0176] The main unit 500 includes connectors 501, 502,
and 503, a transmitting unit 504, a receiving unit 505, a
measuring unit 506, a storage medium 507, an interface unit
508, a display processing unit 509, a voltage generating unit
510, resistors 511-1 to 511-», first switches 512-1 to 512-n,
second switches 513-1 and 513-2, a control unit 514, and a
medical diagnosing unit 515.

[0177] A connector provided on the ultrasound probe 600
to be diagnosed is attached to the connector 501. An external
device (not shown) is connected to the connector 502 through
acommunication cable (not shown) such as a USB cable. This
external device is, for example, a printer, network, personal
computer, keyboard, and pointing device. A monitor device
(not shown) is connected to the connector 503 through a
monitor cable (not shown).

[0178] The transmitting unit 504 transmits excitation sig-
nals for exciting the ultrasound transducing elements pro-
vided for the ultrasound probe 600. The transmitting unit 504
can transmit excitation signals corresponding to many chan-
nels (n channels) in parallel. The receiving unit 505 receives
signals output from the above ultrasound probe. The receiv-
ing unit 505 can receive n-channel signals in parallel. The
receiving unit 505 outputs the received signals. The receiving
unit 505 also has a function of detecting the voltages of signal
lines which are provided for the ultrasound probe 600 to
transmit n-channel signals. The receiving unit 505 outputs
detected voltage V(CH) corresponding to the respective chan-
nels to the control unit 514.

[0179] The measuring unit 506 performs predetermined
measurement processing on the basis of the reception signals
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output from the receiving unit 505. The measuring unit 506
outputs the measurement information obtained by the above
measurement processing to the storage medium 507, inter-
face unit 508, display processing unit 509, and control unit
514 under the control of the control unit 514. The storage
medium 507 is, for example, a semiconductor memory. The
storage medium 507 stores various kinds of information such
as the above measurement information. The interface unit 508
performs communication processing conforming to, for
example, the USB standard to realize communication with
the external device connected to the connector 502. The dis-
play processing unit 509 generates an image signal for caus-
ing the monitor device connected to the connector 503 to
display an image on the basis of the above measurement
information, information supplied from the control unit 514,
and the like.

[0180] The voltage generating unit 510 generates voltages
Vsupl, +Vsup2, and +Vsup3 under the control of the control
unit 514. The voltage generating unit 510 can outputs the
voltages Vsupl corresponding to the n channels in parallel.
The voltage generating unit 510 can output the voltages
+Vsup2, —-Vsup2, +Vsup3, and —Vsup3, respectively, in par-
allel. The voltages Vsupl are respectively applied to the B
terminals of the first switches 512-1 to 512-». The n-channel
excitation signals output from the transmitting unit 504 are
respectively supplied to the A terminals of the first switches
512-1 to 512-n. The first switches 512-1 to 512-» select these
excitation signals and voltages Vsup1 and output them to the
connector 501 under the control of the control unit 514. The
voltages +Vsup2 are applied to the C terminals of the second
switches 513-1 and 513-2. The voltages +Vsup3 are applied
to the D terminals of the second switches 513-1 and 513-2.
The second switches 513-1 and 513-2 select and output the
voltages +Vsup2 and +Vsup3 to the connector 501 under the
control of the control unit 514.

[0181] The control unit 514 comprises, for example, a
microprocessor. The control unit 514 systematically controls
the respective units of the main unit S00 to realize operation
for the diagnosis of the ultrasound probe 600. The control unit
514 also has a function of determining the state of a signal line
associated with each channel on the basis of the voltage
V(CH) output from the receiving unit 505. The control unit
514 further has a function of acquiring the identification
information of the ultrasound probe connected to the connec-
tor 501 through the connector 501, and identifying the type of
the ultrasound probe 600. In addition, the control unit 514 has
a function of controlling the operation states of the receiving
unit 505, voltage generating unit 510, first switches 512-1 to
512-n, and second switches 513-1 and 513-2 in accordance
with the identified type.

[0182] The medical diagnosing unit 515 further includes an
imaging control unit 515a, image generating unit 5155,
memory unit 515¢, and display unit 5154. The imaging con-
trol unit 515a controls the transmitting unit 504, receiving
unit 505, and image generating unit 5154 to perform appro-
priate imaging processing in accordance with diagnosis con-
tents or the like. The image generating unit 5155 generates
display data for displaying an image for medical diagnosis on
the basis of the signals output from the receiving unit 505. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
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The memory unit 515c¢ stores the above display data. The
display unit 5154 performs display operation based on the
display data.

[0183] The operation of the ultrasound diagnostic appara-
tus having the above arrangement will be described next.
[0184] When medical diagnosis on a subject to be exam-
ined is performed by using the ultrasound probe 600, activat-
ing the medical diagnosing unit 515 makes it possible to
present information useful for medical diagnosis as in a
known ultrasound diagnostic apparatus.

[0185] Indiagnosing ultrasound probes 600, the ultrasound
probes 600 of three types, i.e., the first to third types (to be
referred to as probe types hereinafter), can be set as diagnosis
targets. Note that in the following description, reference
numerals 600-1 and 600-2 denote an ultrasound probe of the
first type and an ultrasound probe of the second or third type,
respectively, thereby discriminating them.

[0186] FIG. 20 is a view showing how the ultrasound probe
600-1 is connected to the connector 501 shown in FIG. 19.
Note that in FIG. 20, an illustration of some of the constituent
elements of the main unit 500 shown in FIG. 19 is omitted.
[0187] The ultrasound probe 600-1 includes a connector
601, head unit 602, cable unit 603, and identification infor-
mation output unit 604.

[0188] The connector 601 is attached to the connector 501.
The head unit 602 is formed by arraying n ultrasound trans-
ducing elements 602¢ at the maximum one-dimensionally or
two-dimensionally. Each of the ultrasound transducing ele-
ments 602a is connected to the connector 601 through a signal
line 603a provided in the cable unit 603. The connectors 501
and 601 connect signal lines 603a to the receiving unit 505
and first switches 512-1 to 512-#.

[0189] The identification information output unit 604 out-
puts identification information assigned to the ultrasound
probe 600-1. The connectors 501 and 601 supply the identi-
fication information output from the identification informa-
tion output unit 604 to the control unit 514.

[0190] FIG. 21 is a view showing how the ultrasound probe
600-2 is connected to the connector 501 shown in FIG. 19.
Note thatin FIG. 21, an illustration of some of the constituent
elements of the main unit 500 shown in FIG. 19 is omitted.
[0191] The ultrasound probe 600-2 includes a connector
611, head unit 612, electronic circuit 613, cable unit 614, and
identification information output unit 615.

[0192] The connector 611 is attached to the connector 501.
The head unit 612 is formed by arraying n ultrasound trans-
ducing elements 612a at the maximum one-dimensionally or
two-dimensionally. Each of the ultrasound transducing ele-
ments 612a is connected to the electronic circuit 613. The
electronic circuit 613 is connected to the connector 611
through signal lines 614a equal in number to the ultrasound
transducing elements 612a provided in the cable unit 614.
The connectors 501 and 611 connect the signal lines 614a to
the receiving unit 505 and first switches 512-1 to 512-7.
[0193] The identification information output unit 615 out-
puts identification information assigned to the ultrasound
probe 600-2. The connector 501 and 611 supply the identifi-
cation information output from the identification information
output unit 615 to the control unit 514.

[0194] The electronic circuit 613 has a function of applying
bias voltages to the signal lines 614a. In the second and third
probe types, the electronic circuits 613 output different bias
voltages. The electronic circuit 613 in the second probe type
outputs a bias voltage equal to or higher than a voltage Vth



US 2011/0275937 Al

upon reception of the voltage +Vsup2. The electronic circuit
613 in the third probe type outputs a bias voltage less than the
voltage Vth upon reception of the voltage +Vsup2. However,
upon reception of the voltage +Vsup3, the electronic circuit
613 outputs a bias voltage equal to or higher than the voltage
Vth. The connectors 501 and 611 connect third switches
513-1 and 513-2 to the voltage feed lines connected to the
electronic circuit 613.

[0195] Ifitis required to diagnose the states of signal lines
connected to the ultrasound probe 600, the control unit 514
executes processing like that shown in FIG. 22.

[0196] Instep Scl, the control unit 514 reads in the identi-
fication information output from the identification informa-
tion output unit 604 or identification information output unit
615. In step Sc2, the control unit 514 determines the probe
type of the ultrasound probe 600 on the basis of the above
identification information. The identification information is
information which specifies each ultrasound probe but does
not contain information indicating a probe type. The control
unit 514 determines a probe type by referring to a database in
which probe types are written in correspondence with various
kinds of identification information. The database may be
acquired in advance from the external device connected to the
connector 502 or may be stored in the storage medium 507 in
advance. Alternatively, information indicating a probe type
may be contained in identification information, and a probe
type may be directly determined from this information.
[0197] Ifthe probe type is the first type, the control unit 514
advances from step Sc2 to step Sc3. In step Sc3, the control
unit 514 causes the first switches 512-1 to 512-» to select the
B-terminal sides, as shown in FIG. 20. Note that the first
switches 512-1 to 512-» normally select the A-terminal sides.
Therefore, the application of the voltage Vsupl to each signal
line 603a is started.

[0198] The voltage of the signal line 603a does not imme-
diately reach the voltage Vsupl but gradually rises. This is
because a capacitive load component exists when the head
unit 602 is viewed from the connector 601. The voltage of the
signal line 603a at time t, with reference to the time when the
application of a voltage to the signal line 603a starts, changes
in accordance with the state of the signal line 603a, as shown
in FIG. 23. Letting V be the voltage of the signal line 603a at
time t when the signal line 603a is normal, the voltage of the
signal line 6034 at time t when the signal line 603a is short-
circuited becomes V1 lower than V, and the voltage of the
signal line 603q at time t when the signal line 603a is in the
open state becomes V2 higher than V.

[0199] In step Scd4, the control unit 514 waits for a time t
after the first switches 512-1 to 512-n are switched in step
Sc3, and acquires the voltage of each signal line 6034 at time
t, i.e., a voltage V(CH) of each channel, from the receiving
unit 505 in step Sc5. In step Sc6, the control unit 514 deter-
mines that any channel whose voltage V(CH) is higher than
the value obtained by adding an allowable error ¢ to the
voltage V is in the open state. In step Sc7, the control unit 514
determines that any channel whose voltage V(CH) is lower
than the value obtained by subtracting the allowable error €
from the voltage V is short-circuited. In step Sc8, the control
unit 514 determines that other channels, i.e., channels whose
voltages V(CH) fall within the range of V+E, are normal.
[0200] Note that the proper values of time t, the voltage V,
and the allowable error € for the above determination vary
depending on the type of ultrasound probe. If, therefore,
values to be used as time t, the voltage V, and the allowable
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error € are written in the above database in advance, and the
values of time t, the voltage V, and the allowable error € are
acquired from the above database on the basis of the identi-
fication information read by the control unit 514 in step Scl
and are used, the detection precision can be improved. In this
case, the voltage generating unit 510 changes the voltage
Vsupl to be generated under the control of the control unit
514. Likewise, variable resistors may be used as the resistors
511-1 to 511-n, and their resistance values can be changed.
[0201] Ifthe probe typeis the second type, the control unit
514 advances from step Sc2 to step Sc9. In step Sc9, the
control unit 514 causes the first switches 512-1 to 512-z to
select the A-terminal sides, and also causes the second
switches 513-1 and 513-2 to select the C-terminal sides, as
indicated by the solid lines in FIG. 21. The control unit 514
then advances to step Scl.

[0202] If the probe type is the third type, the control unit
514 advances from step Sc2 to step Sc10. In step Sc10, the
control unit 514 causes the first switches 512-1 to 512-z to
select the A-terminal sides, and also causes the second
switches 513-1 and 513-2 to select the D-terminal sides, as
indicated by broken lines in FIG. 21. The control unit 514
then advances to step Sc11.

[0203] In the ultrasound probe 600-2 of the third type, the
electronic circuit 613 does not apply a bias voltage sufficient
for detection to the signal line 614a unless the voltage
+Vsup3 different from the voltage +Vsup2 is supplied, the
voltage +Vsup3 is applied to the electronic circuit 613
through the second switches 513-1 and 513-2. In contrast, in
the ultrasound probe 600-2 of the second type, if the voltage
+Vsup2 is applied to the electronic circuit 613, the electronic
circuit 613 applies a bias voltage sufficient for detection to the
signal line 614a. Therefore, the voltage +Vsup2 is applied to
the electronic circuit 613 through the second switches 513-1
and 513-2.

[0204] Instep Scll, the control unit 514 acquires the volt-
age of each signal line 614a, i.e., the voltage V(CH) of each
channel, from the receiving unit 505. In step Sc12, the control
unit 514 determines that any channel whose voltage V(CH) is
equal to or higher than a threshold Vth is normal, and other
channels are broken.

[0205] Note that the values of the voltage +Vsup2, voltage
+Vsup3, and threshold Vith suitable for the above determina-
tion vary depending on the type of ultrasound probe. If, there-
fore, values to be used as the voltage +Vsup2, voltage
+Vsup3, and threshold Vth are written in the above database
in advance, and the values of the voltage £Vsup2, voltage
+Vsup3, and threshold Vth are acquired from the above data-
base on the basis of the identification information read by the
control unit 514 in step Scl and are used, the detection pre-
cision can be improved.

[0206] Asdescribedabove, accordingto the fourth embodi-
ment, if abnormality has occurred in the signal lines 6034 and
6144 or the connectors 601 and 611 of the ultrasound probes
600-1 and 600-2, the abnormality can be determined. This
makes it possible to easily diagnose that a cause of malfunc-
tion of the ultrasound probes 600-1 and 600-2 resides in an
ultrasound transducing element failure or a cable or connec-
tor failure.

[0207] The fourth embodiment also comprises a means for
determining the state of each signal line by paying attention to
the transient response characteristic of the voltage of the
signal line and a means for determining the state of each
signal line by paying attention to the bias voltage applied to
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the signal line, and selectively uses the two means depending
on whether the diagnosis target connected to the connector
501 is the ultrasound probe 600-1 or the ultrasound probe
600-2 of the second or third type. In addition, in the fourth
embodiment, the voltage +Vsup2 and voltage +Vsup3 can be
selectively applied to the electronic circuit 613, and the volt-
age to be applied to the electronic circuit 613 is switched
depending on whether the ultrasound probe 600-2 connected
to the connector 501 is the second or third type. These make
it possible to diagnose any types of ultrasound probes, i.e.,
any of the first to third types, and diagnose many types of
ultrasound probes by using one main unit 500.

[0208] In the fourth embodiment, the probe type of the
ultrasound probe 600 connected to the connector 501 is deter-
mined on the basis of the identification information of the
ultrasound probe, and diagnosing operations are automati-
cally switched in accordance with this determination. This
makes it unnecessary for the operator to pay any attention to
the probe type of the ultrasound probe 600 as a diagnosis
target. Therefore, the load on the operator can be reduced.
[0209] The fourth embodiment can be variously modified
as follows.

[0210] Although the fourth embodiment can diagnose the
three probe types, i.e., the first to third types, the embodiment
may be designed to diagnose only one or two probe types.
[0211] The ultrasound probe 600-1 may be diagnosed on
the basis of the time required for the voltage of the signal line
6034 to reach the voltage V.

[0212] The ultrasound probe 600-1 may be diagnosed to
only determine whether the probe is normal.

[0213] The transmitting unit 504 and receiving unit 505
each may be designed to have a 1-channel arrangement by
using a matrix switch with a multiplexer arrangement. This
makes it possible to reduce the circuit sizes of the transmitting
unit 504 and receiving unit 505. In addition, the voltage
Vsupl outputs of the voltage generating unit 510 can be
integrated into one output, and the resistors 511 and first
switches 512 can be integrated into one resistor and one first
switch, respectively.

[0214] The applied state of the voltage Vsupl can be
changed in an arbitrary manner. For example, the voltage
Vsupl may be a negative voltage. The level of the already
applied voltage Vsupl may be raised or lowered. When the
level of the voltage Vsupl is to be changed, the polarity of the
voltage Vsupl may be kept unchanged or inversed.

[0215] Display operation based on a signal generated by the
display processing unit 509 may be performed by the display
unit 5154. In this case, the display processing unit 509 is
connected to the image generating unit 515b. The image
generating unit 5155 generates display data from the signal
generated by the display processing unit 509. The display
data is written in the memory init 515¢.

[0216] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting the medical diagnos-
ing unit 515.

Fifth to Eighth Embodiments

[0217] A basic arrangement common to the fifth to eighth
embodiments will be described first. FIG. 24 is a block dia-
gram showing the basic arrangement of an ultrasound diag-
nostic apparatus having a function of diagnosing an ultra-
sound probe according to each embodiment.

[0218] This ultrasound diagnostic apparatus includes a
main unit 700 and ultrasound probe 200.
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[0219] The main unit 700 includes connectors 701, 702,
and 703, a transmitting unit 704, a receiving unit 705, a
measuring unit 706, a storage medium 707, an interface unit
708, a display processing unit 709, a determining unit 710, a
control unit 711, and a medical diagnosing unit 712.

[0220] A connector 201 provided in the ultrasound probe
200 is attached to the connector 701. The connector 701 has
contacts 701a equal in number to contacts 201a provided on
the connector 201. Electrodes 701a are so arranged as to
come into contact with the contacts 2014, respectively, when
the connector 201 is attached to the connector 701. An exter-
nal device (not shown) is connected to the connector 702
through a communication cable (not shown) such as a USB
cable. This external device is, for example, a printer, network,
personal computer, keyboard, and pointing device. A monitor
device (not shown) is connected to the connector 703 through
a monitor cable (not shown).

[0221] The transmitting unit 704 transmits excitation sig-
nals for exciting ultrasound transducing elements 202a. The
transmitting unit 704 can transmit excitation signals for the
respective ultrasound transducing elements 202q in parallel.
The receiving unit 705 receives the signals received by the
ultrasound transducing elements 202a. The receiving unit
705 can receive the signals received by the ultrasound trans-
ducing elements 202q in parallel. The receiving unit 705
outputs the received signals.

[0222] The measuring unit 706 measures the feature values
of the signals output from the receiving unit 705. The mea-
suring unit 706 outputs the measurement information
obtained by the above measurement processing to the storage
medium 707, interface unit 708, display processing unit 709,
determining unit 710, or control unit 111 under the control of
the control unit 711. The storage medium 707 is, for example,
a semiconductor memory. The storage medium 707 stores
various kinds of information such as the above measurement
information. The interface unit 708 performs communication
processing conforming to, for example, the USB standard to
realize communication with the external device connected to
the connector 702. The display processing unit 709 generates
an image signal for causing the monitor device connected to
the connector 703 to display an image on the basis of the
above measurement information, information supplied from
the control unit 711, and the like.

[0223] Thedetermining unit 710 determines, on the basis of
the measurement information output from the measuring unit
706 and data supplied from the storage medium 707 under the
control of the control unit 711, whether the ultrasound probe
200 is normal. The determining unit 710 supplies the deter-
mination result to the control unit 711.

[0224] The control unit 711 comprises, for example, a
microprocessor. The control unit 711 systematically controls
the respective units of the main unit 700 to realize operation
for the diagnosis of the ultrasound probe 200. The control unit
711 also has a function of sending data necessary for the
above determination from the storage medium 707 to the
determining unit 710 in synchronism with the determination
processing performed by the determining unit 710.

[0225] The medical diagnosing unit 712 also includes an
imaging control unit 712a, image generating unit 7125,
memory unit 712¢, and display unit 7124. The imaging con-
trol unit 712a controls the transmitting unit 704, receiving
unit 705, and image generating unit 7125 so as to perform
proper imaging processing in accordance with diagnosis con-
tents or the like. The image generating unit 7125 generates



US 2011/0275937 Al

display data for displaying an image for medical diagnosis on
the basis of the signals output from the receiving unit 705. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
The memory unit 712¢ stores the above display data. The
display unit 712d performs display operation based on the
display data.

[0226] The above arrangement is the basic arrangement of
the ultrasound diagnostic apparatus according to the fifth to
eighth embodiments. The details of the fifth to eighth embodi-
ments will be described below.

Fifth Embodiment

[0227] FIG. 25 is a block diagram showing the character-
istic arrangement of a main unit 700 according to the fifth
embodiment. The same reference numerals as in FIG. 24
denote the same parts in FIG. 25, and a detailed description
thereof will be omitted.

[0228] As shown in FIG. 25, a measuring unit 706 includes
a buffer memory 7064, amplitude analyzing unit 7065, center
frequency analyzing unit 706¢, and bandwidth analyzing unit
706d.

[0229] A receiving unit 705 outputs a received signal as a
digital signal. The buffer memory 706a temporarily stores the
digital signal output from the receiving unit 705. The ampli-
tude analyzing unit 7065 analyzes the digital signal stored in
the buffer memory 706a, and measures the amplitude value
and amplitude variation degree of the digital signal. The
center frequency analyzing unit 706¢ analyzes the digital
signal stored in the buffer memory 7064, and measures the
center frequency value and frequency variation degree of the
digital signal. The bandwidth analyzing unit 706d analyzes
the digital signal stored in the buffer memory 706a, and
measures the bandwidth value and bandwidth variation
degree of the digital signal.

[0230] A determining unit 710 includes a V level determin-
ing unit 710a, Fo level determining unit 7105, BW level
determining unit 710¢, V variation determining unit 7104, Fo
variation determining unit 710e, BW variation determining
unit 710f; and comprehensive determining unit 710g. The
storage medium 707 is provided with a reference database
(reference DB) 707a.

[0231] TheV level determining unit 710a performs quality
determination on the basis of the amplitude value measured
by the amplitude analyzing unit 7065 and the level reference
data for amplitude output from the reference database 707a.
The Fo level determining unit 7105 performs quality deter-
mination on the basis of the center frequency value measured
by the center frequency analyzing unit 706¢ and the level
reference data for center frequency output from the reference
database 707a. The BW level determining unit 710c¢ performs
quality determination on the basis of the bandwidth value
measured by the bandwidth analyzing unit 7064 and the level
reference data for bandwidth output from the reference data-
base 707a.

[0232] The V variation determining unit 7104 performs
quality determination on the basis of the amplitude variation
degree measured by the amplitude analyzing unit 7065 and
the variation reference data for amplitude output from the
reference database 707a. The Fo variation determining unit
710e performs quality determination on the basis of the center
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frequency variation degree measured by the center frequency
analyzing unit 706¢ and the variation reference data for center
frequency output from the reference database 707a. The BW
variation determining unit 710/ performs quality determina-
tion on the basis of the bandwidth variation degree measured
by the bandwidth analyzing unit 7064 and the variation ref-
erence data for bandwidth output from the reference database
707a.

[0233] The comprehensive determining unit 710g compre-
hensively determines, on the basis of the quality determina-
tion results obtained by the V level determining unit 710a, Fo
level determining unit 7105, BW level determining unit 710c¢,
V variation determining unit 7104, Fo variation determining
unit 710e, and BW variation determining unit 710f; whether
the ultrasound probe 200 is normal.

[0234] FIG. 26 is a view showing the arrangement of the
reference database 707a.

[0235] The reference database 707a includes a plurality of
probe-specific reference databases (probe-specific reference
DBs) 771. In the probe-specific reference databases 771,
reference data determined in consideration of the character-
istics of different types of ultrasound probes are written
respectively. Each probe-specific reference database 771
includes a V reference database (V reference DB) 7714, Fo
reference database (Fo reference DB) 7715, and BW refer-
ence database (BW reference DB) 771c.

[0236] As shown in FIG. 26, in the V reference database
771a, in correspondence with each channel of the ultrasound
probe 200, level reference data for amplitude and variation
reference data for quality determination concerning the cor-
responding channel are written in correspondence with the
corresponding channel. In the Fo reference database 7715, as
shown in FIG. 26, level reference data for center frequency
and variation reference data for quality determination con-
cerning the corresponding channel are written. In the BW
reference database 771c, as shown in FIG. 26, level reference
data for bandwidth and variation reference data for quality
determination concerning the corresponding channel are
written.

[0237] The operation of the ultrasound diagnostic appara-
tus according to the fifth embodiment having the above
arrangement will be described next.

[0238] When medical diagnosis on a subject to be exam-
ined is performed by using the ultrasound probe 200, activat-
ing the medical diagnosing unit 712 makes it possible to
present information useful for medical diagnosis as in a
known ultrasound diagnostic apparatus.

[0239] In diagnosing the ultrasound probe 200, a mainte-
nance operator places a test object in a medium such as water
in a vessel such as a water bath and also makes a head unit 202
face the test object in advance, as shown in FIG. 24.

[0240] If it is required to diagnose the ultrasound probe
200, the control unit 711 causes the transmitting unit 704 to
sequentially excite the ultrasound transducing elements
202a. The control unit 711 causes the receiving unit 705 to
receive reflected ultrasound signals from the test object
through the excited ultrasound transducing elements 202a,
signal lines 203a, the contacts 201a, and the contacts 701a.
As a consequence, the digital signals of the reflected ultra-
sound signals in the respective channels are sequentially
stored in the buffer memory 706a. The control unit 711 causes
the amplitude analyzing unit 7065 to measure the amplitude
values and amplitude variation degrees of the reflected ultra-
sound signals, causes the center frequency analyzing unit
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706¢ to measure the center frequency values and center fre-
quency variation degrees of the reflected ultrasound signals,
and causes the bandwidth analyzing unit 7064 to measure the
bandwidth values and bandwidth variation degrees of the
reflected ultrasound signals.

[0241] FIG.27A is agraph showing an example of achange
in the amplitude of a reflected ultrasound signal. The ampli-
tude analyzing unit 7065 sets the value of (V+max)+I(V-
max)| or a larger one of the values of V+max and |(V-max)|
in FIG. 27A as an amplitude value. The amplitude analyzing
unit 7064 sets the difference or ratio between the measured
amplitude value and predetermined specified value as an
amplitude variation degree.

[0242] FIG. 27B is a graph showing an example of a fre-
quency spectrum of a reflected ultrasound signal. The center
frequency analyzing unit 706¢ sets (FL+FH)/2 in FIG. 27B as
a center frequency value. The center frequency analyzing unit
706¢ also sets the difference or ratio between the measured
center frequency value and the predetermined specified value
as a center frequency variation degree. The bandwidth ana-
lyzing unit 706d sets (FH-FL) in FIG. 27B as a bandwidth
value. The bandwidth analyzing unit 7064 sets the difference
or ratio between the bandwidth value and the predetermined
specified value as a bandwidth variation degree.

[0243] The control unit 711 sends level reference data for
amplitude, level reference data for center frequency, level
reference data for bandwidth, variation reference data for
amplitude, variation reference data for center frequency, and
variation reference data for bandwidth which correspond to
each channel from the reference database 707a to the V level
determining unit 710q, Fo level determining unit 7105, BW
level determining unit 710c¢, V variation determining unit
710d, Fo variation determining unit 710e, and BW variation
determining unit 710f; respectively, in accordance with the
timing at which an amplitude value, center frequency value,
bandwidth value, amplitude variation degree, center fre-
quency variation degree, and bandwidth variation degree are
measured for each channel. Note that the control unit 711
determines the type of ultrasound probe 200 on the basis of
the identification information output from an identification
information output unit 204, and outputs each reference data
from the probe-specific reference database 771 correspond-
ing to the type of ultrasound probe 200.

[0244] Note that identification information is information
which specifies each ultrasound probe 200 but does not gen-
erally include information indicating a model. The control
unit 711 determines the model of the ultrasound probe 200 by
referring to a database in which pieces of model information
are written in correspondence with various kinds of identifi-
cation information. The database may be acquired in advance
from the external device connected to a connector 702 or
stored in advance in the storage medium 707. Alternatively,
information indicating a model may be contained in identifi-
cation information, and the control unit 711 may directly
determine the model of the ultrasound probe 200 from this
information.

[0245] TheV level determining unit 710a, Fo level deter-
mining unit 7105, and BW level determining unit 710c¢ deter-
mine the quality of each channel depending on whether the
amplitude value, center frequency value, and bandwidth
value fall within the reference ranges indicated by the level
reference data for amplitude, center frequency, and band-
width, respectively. Each of the V level determining unit
710a, Fo level determining unit 7105, and BW level deter-
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mining unit 710c output “PASS” as a determination result
when a corresponding value falls within a corresponding
reference range, and outputs “FAIL” as a determination result
when a corresponding value falls outside a corresponding
reference range. Note that level reference data for amplitude,
center frequency, and bandwidth may indicate thresholds or
allowable ranges. If the level reference data indicate thresh-
olds, the V level determining unit 710a, Fo level determining
unit 7105, and BW level determining unit 710¢ perform the
above quality determination by comparing the thresholds
with the respective values. If the level reference data indicate
allowable ranges, these units perform the above quality deter-
mination by checking whether the respective values fall
within the allowable ranges.

[0246] TheV variation determining unit 7104, Fo variation
determining unit 710e, and BW variation determining unit
710f determines the quality of each channel depending on
whether the amplitude variation degree, center frequency
variation degree, and bandwidth variation degree fall within
the ranges indicated by the variation reference data for ampli-
tude, center frequency, and bandwidth, respectively. Each of
the V variation determining unit 7104, Fo variation determin-
ing unit 710e, and BW variation determining unit 710/ out-
puts “PASS” as a determination result when each value falls
within the corresponding reference range, and outputs
“FAIL” when each value falls outside the corresponding ref-
erence range. Note that variation reference data for ampli-
tude, center frequency, and bandwidth may indicate thresh-
olds or allowable ranges. If the variation reference data
indicate thresholds, the V variation determining unit 7104, Fo
variation determining unit 710e, and BW variation determin-
ing unit 710f perform the above quality determination by
comparing the thresholds with the respective variation
degrees. If the variation reference data indicate allowable
ranges, these units perform the above quality determination
by checking whether the respective variation degrees fall
within the allowable ranges.

[0247] The comprehensive determining unit 710g finally
determines the quality of each channel on the basis of the
respective determination results obtained by the V level deter-
mining unit 710a, Fo level determining unit 7105, BW level
determining unit 710¢, V variation determining unit 7104, Fo
variation determining unit 710e, and BW variation determin-
ing unit 710f'with respect to the same channel. The compre-
hensive determining unit 710g further determines the quality
of the ultrasound probe 200 on the basis of quality determi-
nation results with respect to all the channels. The compre-
hensive determining unit 710g notifies the control unit 711 of
the quality determination result concerning each channel and
the quality determination result concerning the ultrasound
probe 200.

[0248] The control unit 711 generates a display image indi-
cating the quality determination result concerning each chan-
nel and the quality determination result concerning the ultra-
sound probe 200. A signal for causing the monitor device to
display the display image is generated by a display processing
unit 709 under the control of the control unit 711, and is
output from a connector 703. The control unit 711 can gen-
erate the print data of a report containing the display image.
This print data is sent to a printer through an interface unit 708
and the connector 702 and printed.

[0249] As described above, according to the fifth embodi-
ment, the quality of the ultrasound probe 200, i.e., whether the
ultrasound probe 200 is normal, is automatically determined.
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For quality determination, reference ranges corresponding to
the types of ultrasound probes 200 are used. The above deter-
mination can therefore be properly performed in consider-
ation of the characteristics of each type of ultrasound probe.
The maintenance operator can easily and reliably recognize
the necessity of maintenance for the ultrasound probe 200 by
checking the determination result.

[0250] Inaddition, according to the fifth embodiment, qual-
ity determination is performed for each channel, and an indi-
vidual reference range is used for this quality determination.
This makes it possible to perform more appropriate determi-
nation considering also differences in characteristics between
channels.

[0251] Furthermore, according to the fifth embodiment,
since an amplitude value, center frequency value, and band-
width value are used as feature values, appropriate determi-
nation can be performed by quality determination consider-
ing the characteristics of reflected ultrasound signals in many
aspects.

[0252] Moreover, according to the fifth embodiment, qual-
ity determination is performed considering not only the fea-
ture value of a reflected ultrasound signal but also the varia-
tion degree of the feature value. This makes it possible to
determine, as abnormal, a state wherein although each feature
value falls within a corresponding reference range, variations
in feature value are large.

Sixth Embodiment

[0253] FIG. 28 is a block diagram showing the character-
istic arrangement of a main unit 700 according to the sixth
embodiment. FIG. 28 shows only different points from the
arrangement in the fifth embodiment, and the arrangement of
the portion which is not shown is the same as in the fifth
embodiment. The same reference numerals as in FIGS. 24
and 25 denote the same parts in FIG. 28, and a detailed
description thereof will be omitted.

[0254] As shown in FIG. 28, a determining unit 710
includes a V level determining unit 710a, Fo level determin-
ing unit 7105, BW level determining unit 710¢, V variation
determining unit 7104, Fo variation determining unit 710e,
BW variation determining unit 710f; and weighted determin-
ing unit 710%. A storage medium 707 is provided with a
determination weight database (determination weight DB)
7075 in addition to a reference database 707a.

[0255] Like the comprehensive determining unit 710g, the
weighted determining unit 710%2 comprehensively deter-
mines, on the basis of the quality determination results
obtained by the V level determining unit 710a, Fo level deter-
mining unit 7105, BW level determining unit 710¢, V varia-
tion determining unit 7104, Fo variation determining unit
710e, and BW variation determining unit 710f, whether an
ultrasound probe 200 is normal. Note, however, that the
weighted determining unit 710/ weights each determination
result on the basis of the weighting data stored in the deter-
mination weight database 7075. The weighted determining
unit 7107 then performs the above comprehensive determi-
nation on the basis of each weighted determination result.
[0256] Inthe determination weight database 7075, weight-
ing data indicating a weighting method for each determina-
tion result is written in correspondence with each type of
ultrasound probe 200.

[0257] Inthe main unit 700 of the sixth embodiment having
the above arrangement, weighting data corresponding to the
type of ultrasound probe 200 is sent from the determination
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weight database 7075 to the weighted determining unit 710/%
under the control of a control unit 711. The weighted deter-
mining unit 710/~ weights the quality determination results
obtained by the V level determining unit 710a, Fo level deter-
mining unit 7105, BW level determining unit 710¢, V varia-
tion determining unit 7104, Fo variation determining unit
710e, and BW variation determining unit 710fon the basis of
the above weighting data, and finally determines the quality
of each channel on the basis of the weighted determination
results. In addition, the weighted determining unit 710/
determines the quality of the ultrasound probe 200 on the
basis of the quality determination results concerning all the
channels. The weighted determining unit 710/ notifies the
control unit 711 of the quality determination result concern-
ing each channel and the quality determination result con-
cerning the ultrasound probe 200.

[0258] According to the sixth embodiment, the same
effects as those of the fifth embodiment can be achieved. In
addition, according to the sixth embodiment, when the influ-
ences of an amplitude value, center frequency value, band-
width value, amplitude variation degree, center frequency
variation degree, and bandwidth variation degree on the per-
formance of the ultrasound probes 200 vary in degree depend-
ing on the types of ultrasound probes 200, more appropriate
quality determination can be performed in consideration of
this.

Seventh Embodiment

[0259] FIG. 29 is a block diagram showing the character-
istic arrangement of a main unit 700 according to the seventh
embodiment. FIG. 29 shows only different points from the
arrangement in the fifth embodiment, and the arrangement of
the portion which is not shown is the same as in the fifth
embodiment. The same reference numerals as in FIGS. 24,
25, and 28 denote the same parts in FIG. 29, and a detailed
description thereof will be omitted.

[0260] As shown in FIG. 29, a determining unit 710
includes weighting units 7104, 7107, 710k, 710m, 710n, and
710p in addition to a V level determining unit 710a, Fo level
determining unit 7105, BW level determining unit 710¢, V
variation determining unit 7104, Fo variation determining
unit 710e, BW variation determining unit 710f, and weighted
determining unit 710/%. The storage medium 707 is provided
with a reference database 707¢ in addition to a determination
weight database 7074.

[0261] The determination results obtained by the V level
determining unit 710a, Fo level determining unit 7105, BW
level determining unit 710¢, V variation determining unit
710d, Fo variation determining unit 710e, and BW variation
determining unit 710/ are input to the weighting units 710,
7107, 710k, 710m, 710n, and 710p, respectively. The weight-
ing units 7107, 710/, 710k, 710m, 710n, and 710p weight the
above input determination results on the basis of the weight-
ing data stored in the reference database 707¢. The respective
determination results weighted by the weighting units 7107,
7107, 710k, 710m, 710n, and 710p are input to the weighted
determining unit 7104%.

[0262] FIG. 30 is a view showing the arrangement of the
reference database 707¢. The same reference numerals as in
FIG. 26 denote the same parts in FIG. 30, and a detailed
description thereof will be omitted.

[0263] The reference database 707¢ includes a plurality of
probe-specific reference databases 772. In the probe-specific
reference databases 772, reference data and weighting data
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which are set in consideration of the characteristics of differ-
ent types of ultrasound probes are written. Each probe-spe-
cific reference database 772 includes a weighted database
(weighted DB) 772a in addition to a V reference database
771a, Fo reference database 7715, and BW reference data-
base 771c.

[0264] AsshowninFIG.30,in the weighted database 772a,
weighting data concerning each channel is written in corre-
spondence with each channel of the ultrasound probe 200.
Weighting data indicates a weighting method set in consid-
eration of differences in characteristics between channels.
[0265] In the main unit 700 of the seventh embodiment
having the above arrangement, weighting data are sent from
the reference database 707¢ to the weighting units 7107, 710/,
710k, 710m, 7107, and 710p under the control of a control
unit 711. Note that the control unit 711 sends weighting data
corresponding to each channel from the reference database
707¢ to the weighting units 7104, 7107, 710k, 710m, 710x, and
710p in accordance with the timing at which determination
results concerning each channel are output from the V level
determining unit 710q, Fo level determining unit 7105, BW
level determining unit 710¢, V variation determining unit
710d, Fo variation determining unit 710e, and BW variation
determining unit 710f. The control unit 711 causes the probe-
specific reference databases 772 to output weighting data in
accordance with the types of ultrasound probes 200.

[0266] The weighting units 7107, 7107, 710k, 710m, 710n,
and 710p weight the input determination results on the basis
of the weighting data sent from the reference database 707c¢.
With this operation, each determination result is weighted for
each channel. Each determination result weighted in this
manner is input to the weighted determining unit 710/, and
final determination is performed in the same manner as in the
sixth embodiment.

[0267] According to the seventh embodiment, the same
effects as those of the fifth and sixth embodiments can be
achieved. In addition, according to the seventh embodiment,
since the determination results based on amplitude values,
center frequency values, bandwidth values, amplitude varia-
tion degrees, center frequency variation degrees, and band-
width variation degrees are weighted for each channel, more
appropriate quality determination can be performed in con-
sideration of differences in characteristics between channels.

Eighth Embodiment

[0268] FIG. 31 is a block diagram showing the character-
istic arrangement of a main unit 700 according to the eighth
embodiment. FIG. 31 shows only different points from the
arrangement in the fifth embodiment, and the arrangement of
the portion which is not shown is the same as in the fifth
embodiment. The same reference numerals as in FIGS. 24
and 25 denote the same parts in FIG. 31, and a detailed
description thereof will be omitted.

[0269] As shown in FIG. 31, a determining unit 710
includes a'V level degradation determining unit 710¢, Fo level
degradation determining unit 7107, BW level degradation
determining unit 710s, V variation degradation determining
unit 710v, Fo variation degradation determining unit 710w,
BW variation degradation determining unit 710x, and com-
prehensive determining unit 710y. A storage medium 707 is
provided with a reference database 7074 and past acquired
data database (past acquired data DB) 707e.

[0270] The V level degradation determining unit 710¢
obtains a degradation degree of an amplitude value (to be
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referred to as an amplitude degradation degree hereinafter) on
the basis of the amplitude value newly measured by an ampli-
tude analyzing unit 7065 and the past measured amplitude
value output from the past acquired data database 707e. The
V level degradation determining unit 710¢ performs quality
determination on the basis of the obtained amplitude degra-
dation degree and the level degradation degree reference data
for amplitude output from the reference database 707d. The
Fo level degradation determining unit 7107 obtains a degra-
dation degree of a center frequency value (to be referred to as
a center frequency degradation degree hereinafter) on the
basis of the center frequency value newly measured by a
center frequency analyzing unit 706¢ and the past measured
center frequency value output from the past acquired data
database 707e. The Fo level degradation determining unit
7107 performs quality determination on the basis of the
obtained center frequency degradation degree and the level
degradation degree reference data for center frequency output
from the reference database 707d. The BW level degradation
determining unit 710s obtains a degradation degree of a band-
width value (to be referred to as a bandwidth degradation
degree hereinafter) on the basis of the bandwidth value newly
measured by a bandwidth analyzing unit 7064 and the past
measured bandwidth value output from the past acquired data
database 707e. The BW level degradation determining unit
710s performs quality determination on the basis of the
obtained bandwidth degradation degree and the level degra-
dation degree reference data for bandwidth output from the
reference database 707d.

[0271] The V variation degradation determining unit 710v
obtains a degradation degree of an amplitude variation (to be
referred to as an amplitude variation degradation degree here-
inafter) on the basis of the amplitude variation degree newly
measured by the amplitude analyzing unit 7065 and the past
measured amplitude variation degree output from the past
acquired data database 707e. The V variation degradation
determining unit 710v performs quality determination on the
basis of the obtained amplitude variation degradation degree
and the variation degradation degree reference data for ampli-
tude output from the reference database 707d. The Fo varia-
tion degradation determining unit 710w obtains a degradation
degree of a center frequency variation (to be referred to as a
center frequency variation degradation degree hereinafter) on
the basis of the center frequency variation degree newly mea-
sured by the center frequency analyzing unit 706¢ and the past
measured center frequency variation degree output from the
past acquired data database 707e. The Fo variation degrada-
tion determining unit 710w performs quality determination
on the basis of the obtained center frequency variation deg-
radation degree and the variation degradation degree refer-
ence data for center frequency output from the reference
database 707d. The BW variation degradation determining
unit 710x obtains a degradation degree of a bandwidth varia-
tion (to be referred to as a bandwidth variation degradation
degree hereinafter) on the basis of the bandwidth variation
degree newly measured by the bandwidth analyzing unit 7064
and the past measured bandwidth variation degree output
from the past acquired data database 707e. The BW variation
degradation determining unit 710x performs quality determi-
nation on the basis of the obtained bandwidth variation deg-
radation degree and the variation degradation degree refer-
ence data for bandwidth output from the reference database
707d.
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[0272] The comprehensive determining unit 710y compre-
hensively determines, on the basis of the quality determina-
tion results obtained by the V level degradation determining
unit 710¢, Fo level degradation determining unit 710r, BW
level degradation determining unit 710s, V variation degra-
dation determining unit 710v, Fo variation degradation deter-
mining unit 710w, and BW variation degradation determining
unit 710x, whether the ultrasound probe 200 is normal.
[0273] The reference database 707d has an arrangement
similar to that of the reference database 7074. In the reference
database 707d, however, level degradation degree reference
data are written instead of level reference data, and variation
degradation degree reference data are written instead of varia-
tion reference data.

[0274] In the past acquired data database 707e, the ampli-
tude values, amplitude variation degrees, center frequency
values, center frequency variation degrees, bandwidth values,
and bandwidth variation degrees measured in the past by the
amplitude analyzing unit 7065, center frequency analyzing
unit 706¢, and bandwidth analyzing unit 7064 are written as
past measured amplitude values, past measured amplitude
variation degrees, past measured center frequency values,
past measured center frequency variation degrees, past mea-
sured bandwidth values, and past measured bandwidth varia-
tion degrees, respectively.

[0275] Inthe main unit 700 of the eighth embodiment hav-
ing the above arrangement, an amplitude value degradation
degree, center frequency value degradation degree, band-
width degradation degree, amplitude variation degradation
degree, center frequency degradation degree, and bandwidth
degradation degree are obtained. The operation of the eighth
embodiment differs from that of the fifth embodiment only in
that quality determination on each channel is performed
depending on whether each of the degradation degrees,
instead of each feature value or its variation degree, falls
within the reference range indicated by corresponding refer-
ence data.

[0276] The eighth embodiment can therefore achieve the
same effects as those of the fifth embodiment.

[0277] The fifth to eighth embodiments described above
can be variously modified as follows.

[0278] Normality or abnormality degrees may be ranked by
indicating a plurality of reference ranges using reference data.
For example, ranking normality degrees as shown in FIG. 32
allows the maintenance operator to recognize the degradation
degree of the ultrasound probe 200 on the basis of this rank.
This makes it possible to take some measures, e.g., preparing
for future occurrence of abnormality.

[0279] Each reference value may be common to the respec-
tive channels.

[0280] Quality determination may be performed on the
basis of only feature values without any consideration of
variation degrees.

[0281] Only arbitrary one or two of an amplitude value,
center frequency value, and bandwidth value may be set as a
feature value or values to be considered. Alternatively, values
other than those described above may be used.

[0282] A reference database 7074, a determination weight
database 707b, a reference database 707¢, and the reference
database 707d or past acquired data database 707¢ may be
prepared outside the main unit 700. In this case, each database
is made accessible through, for example, a connector 702 in
advance.
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[0283] Level reference data and variation reference data
may be written in different databases.

[0284] Display operation based on a signal generated by the
display processing unit 709 may be performed by a display
unit 712d. In this case, the display processing unit 709 is
connected to the image generating unit 7126. The image
generating unit 7125 generates display data from the signal
generated by the display processing unit 709. The display
data is written in the memory init 712c.

[0285] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting a medical diagnosing
unit 712.

Ninth Embodiment

[0286] FIG. 33 is ablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the ninth
embodiment. This ultrasound diagnostic apparatus includes a
main unit 800 and ultrasound probe 200.

[0287] As shown in FIG. 33, the main unit 800 includes
connectors 801, 802, and 803, a transmitting unit 804, a
receiving unit 805, a measuring unit 806, a storage medium
807, an interface unit 808, a display processing unit 809, a
control unit 810, and a medical diagnosing unit 811.

[0288] A connector 201 provided in the ultrasound probe
200 to be diagnosed is attached to the connector 801. The
connector 801 has contacts 801a equal in number to contacts
201a provided on the connector 201. The contacts 8014 are so
arranged as to come into contact with the contacts 201a,
respectively, when the connector 201 is attached to the con-
nector 801. An external device (not shown) is connected to the
connector 802 through a communication cable (not shown)
such as a USB cable. This external device is, for example, a
printer, network, personal computer, keyboard, pointing
device, and digital camera.

[0289] The transmitting unit 804 transmits excitation sig-
nals for exciting ultrasound transducing elements 202a. The
transmitting unit 804 can transmit excitation signals for the
respective ultrasound transducing elements 202 in parallel.
The receiving unit 805 receives the signals output from the
ultrasound transducing elements 202a. The receiving unit
805 can receive the signals output from the respective ultra-
sound transducing elements 202a in parallel. The receiving
unit 805 outputs the received signals.

[0290] The measuring unit 806 performs predetermined
measurement processing on the basis of the reception signals
output from the receiving unit 805. The measuring unit 806
outputs the measurement information obtained by the above
measurement processing to the storage medium 807, inter-
face unit 808, display processing unit 809, and control unit
810 under the control of the control unit 810. The storage
medium 807 is, for example, a semiconductor memory. The
storage medium 807 stores various kinds of information such
as the above measurement information. The interface unit 8§08
performs communication processing conforming to, for
example, the USB standard to realize communication with
the external device connected to the connector 802. The dis-
play processing unit 809 generates an image signal for caus-
ing the monitor device connected to the connector 803 to
display an image on the basis of the above measurement
information, information supplied from the control unit 810,
and the like.

[0291] The control unit 810 comprises, for example, a
microprocessor. The control unit 810 systematically controls



US 2011/0275937 Al

the respective units of the main unit 800 to realize operation
for the diagnosis of the ultrasound probe 200. The control unit
810 has a function of determining the electrical state of the
ultrasound probe 200 on the basis of the voltage of each
channel detected by the receiving unit 805 and the measure-
ment result obtained by the measuring unit 806. The control
unit 810 has a function of acquiring information indicating
the quality of the appearance state of the ultrasound probe 200
by receiving designating operation by the maintenance opera-
tor. The control unit 810 has a function of acquiring digital
photographic data from the external device connected to the
connector 802. The control unit 810 has a function of gener-
ating report data indicating a report representing the electrical
state determined by the above function, the information indi-
cating the quality of the appearance state acquired by the
above function, and the digital photograph acquired by the
above function.

[0292] The medical diagnosing unit 811 also includes an
imaging control unit 811a, image generating unit 8115,
memory unit 811¢, and display unit 8114. The imaging con-
trol unit 811a controls a transmitting unit 804, receiving unit
805, and image generating unit 8115 so as to perform proper
imaging processing in accordance with diagnosis contents or
the like. The image generating unit 8115 generates display
data for displaying an image for medical diagnosis on the
basis of the signals output from the receiving unit 805. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
The memory unit 811c¢ stores the above display data. The
display unit 8114 performs display operation based on the
display data.

[0293] The operation of the ultrasound diagnostic appara-
tus having the above arrangement will be described next.
[0294] When medical diagnosis on a subject to be exam-
ined is to be performed by using the ultrasound probe 200,
information useful for medical diagnosis can be presented by
activating the medical diagnosing unit 811 in the same man-
ner as a known ultrasound diagnostic apparatus.

[0295] If it is required to diagnose the ultrasound probe
200, the control unit 810 reads in the identification informa-
tion output from an identification information output unit
204. This identification information is information for speci-
fying each ultrasound probe 200. The control unit 810
acquires probe information concerning the ultrasound probe
200 from a database on the basis of the above identification
information. The database may be acquired in advance from
the external device connected to the connector 802 or may be
stored in advance in the storage medium 807. Probe informa-
tion includes, for example, information concerning the user
of the ultrasound probe 200 (e.g., a hospital name, customer
site, section name, and address), the probe name of the ultra-
sound probe 200, outer appearance picture data of the ultra-
sound probe 200, and a maintenance contract number.
[0296] The control unit 810 executes processing for deter-
mining the electrical state of the ultrasound probe 200. The
electrical state of the ultrasound probe 200 can be determined
on the basis, for example, the state of a reflected ultrasound
signal which can be received by using the ultrasound probe
200. More specifically, as shown in FIG. 33, a test object is
placed in a medium such as water in a vessel such as a water
bath, and ultrasound transducing elements 202a are excited.
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The receiving unit 805 receives reflected ultrasound signals
from the test object through the ultrasound transducing ele-
ments 202a, signal lines 203a, the contacts 201a, and the
contacts 801a, and causes the measuring unit 806 to measure
various feature values concerning the reflected ultrasound
signals (e.g., amplitude values, center frequency values, fre-
quency band values, and group delay time values). The con-
trol unit 810 then determines the electrical state of the ultra-
sound probe 200 on the basis of the feature values measured
by the measuring unit 806. The determination of this electri-
cal state is, for example, quality determination on the recep-
tion quality of a reflected ultrasound signal, determination of
whether the signal line 2034 is broken, or comprehensive
quality determination of the ultrasound probe 200 based on
the above determining operations.

[0297] The control unit 810 prompts the maintenance
operator to designate quality determination concerning sev-
eral items associated with appearance states. In this embodi-
ment, the maintenance operator is prompted to designate
quality determination concerning the appearance states of the
head unit (lens surface), case unit, capable unit, and connector
unit. The maintenance operator visually checks the outer
appearance of the ultrasound probe 200 to perform quality
determination concerning each of the above items. Note that
in performing quality determination of the head unit, the
maintenance operator considers, for example, the occurrence
of'lens peeling/loosening, lens discoloration, lens expansion,
lens gap, and lens indentation/flaws. In quality determination
of the case unit, the maintenance operator considers, for
example, fracture, contamination, flaws, and defects. In per-
forming quality determination of the cable unit, the mainte-
nance operator considers, for example, flaws, cladding peel-
ing, contamination, and hardening. In performing quality
determination of the connector unit, the maintenance opera-
tor considers, for example, bents in contact pins, terminal
contamination, and defects. The control unit 810 acquires
information indicating the quality of the appearance state of
the ultrasound probe 200 by receiving the designation made
by the maintenance operator. Note that since the designation
of'the appearance state is made by, for example, operating the
keyboard, pointer, or the like connected to the connector 802,
the control unit 810 receives information indicating this des-
ignating operation.

[0298] When the maintenance operator issues a request to
capture a digital photograph, the control unit 810 can acquires
digital photographic data from an external device such as a
digital camera connected to the connector 802 through the
connector 802 and interface unit 808.

[0299] The controlunit 810 generates report data indicating
a report like that shown in FIG. 34 by using the above deter-
mination result concerning the electrical state, the acquired
information indicating the quality of the appearance states,
outer appearance picture data of the ultrasound probe 200, the
acquired digital photographic data, and acquired probe infor-
mation. This report data is output to the external device con-
nected to the connector 802 through the interface unit 808. If,
for example, the above report data is output to, for example, a
printer connected as an external device to the connector 802,
a report like that shown in FIG. 34 is printed by the printer.
Referring to FIG. 34, an image I1 indicates a determination
result concerning the electrical state; an image 12, the quality
of appearance states; and an image 13, a outer appearance
picture of the ultrasound probe 200. The image I3 may be
replaced by a photograph obtained by the digital camera if the
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maintenance operator demands that the photograph be pre-
sented. In this case, the image O3 shows flaws, cladding
peeling, contamination or the like, if any at the time of pho-
tographing. The photograph is therefore useful in diagnosing
the ultrasound probe 200.

[0300] As described above, according to the ninth embodi-
ment, a report indicating the electrical state of the ultrasound
probe 200 and appearance states can be automatically gener-
ated. Using this report allows the maintenance operator to
easily and properly report the owner or user. Since a outer
appearance picture of the ultrasound probe 200 is presented,
the maintenance operator can more easily know which ultra-
sound probe 200 is reported, than in the case where only the
name of the ultrasound probe 200 is shown.

[0301] The ninth embodiment can be variously modified in
as follows.

[0302] Forexample, as shown in FIG. 35, a graphics image
indicating an abnormality occurrence portion and abnormal-
ity contents may be generated by inputting the designations of
the abnormality occurrence portion and abnormality contents
in a digital photograph, and may be combined with the digital
photograph to be presented in a report.

[0303] Either the quality of appearance states or a digital
photograph may be presented alone in a report. Alternatively,
another information such as a character string indicating a
finding by the maintenance operator may be input to be pre-
sented in a report.

[0304] The transmitting unit 804 and receiving unit 805
each may be designed to have a 1-channel arrangement by
using a matrix switch with a multiplexer arrangement. This
makes it possible to reduce the circuit sizes of the transmitting
unit 804 and receiving unit 805.

[0305] Various kinds of outer appearance information con-
cerning various failure cases (listed cases in practice) con-
cerning the head unit, case unit, cable unit, and connector unit
are stored in the storage medium in association with probe
information and appearance state determination information.
Outer appearance information stored in the above storage
medium may be acquired and presented by reading out the
information by searching/specifying operation in accordance
with the selection of probe information/appearance state
determination by the maintenance operator. In practice, one
or a plurality of pieces of representative failure outer appear-
ance information concerning each of the head unit, case unit,
cable unit, connector unit, and the like are stored in associa-
tion with a probe information/determination item, and are
read out (graphically processed as needed) in accordance
with the probe information/determination item selected by
the maintenance operator, thereby acquiring the correspond-
ing outer appearance information. Note that a computer
graphics image indicating an appearance state can be used as
outer appearance information.

[0306] Display operation based on a signal generated by the
display processing unit 809 may be performed by a display
unit 811d. In this case, the display processing unit 809 is
connected to the image generating unit 8115. The image
generating unit 8115 generates display data from the signal
generated by the display processing unit 809. The display
data is written in the memory init 811c.

[0307] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting a medical diagnosing
unit 811.

10th Embodiment

[0308] FIG.36isablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the 10th
embodiment.
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[0309] This ultrasound diagnostic apparatus includes a
main unit 900 and ultrasound probe 200.

[0310] The main unit 900 includes connectors 901, 902,
and 903, a transmitting unit 904, a receiving unit 905, a
measuring unit 906, a storage medium 907, an interface unit
908, a display processing unit 909, a control unit 910, and a
medical diagnosing unit 911.

[0311] A connector 201 is attached to the connector 901.
The connector 901 has contacts 901a equal in number to
contacts 201a provided on the connector 201. The contacts
901a are so arranged as to come into contact with the contacts
201a, respectively, when the connector 201 is attached to the
connector 901. An external device (not shown) is connected
to the connector 902 through a communication cable (not
shown) such as a USB cable. This external device is, for
example, a printer, network, personal computer, keyboard,
and pointing device. A monitor device (not shown) is con-
nected to the connector 903 through a monitor cable (not
shown).

[0312] The transmitting unit 904 transmits excitation sig-
nals for exciting ultrasound transducing elements 202a. The
transmitting unit 904 can transmit excitation signals for the
respective ultrasound transducing elements 202 in parallel.
The receiving unit 905 receives the signals output from the
ultrasound transducing elements 202a. The receiving unit
905 can receive the signals output from the plurality of ultra-
sound transducing elements 202a in parallel. The receiving
unit 905 outputs the received signals.

[0313] The measuring unit 906 performs predetermined
measurement processing on the basis of the reception signals
output from the receiving unit 905. The measuring unit 906
outputs the measurement information obtained by the above
measurement processing to the storage medium 907, inter-
face unit 908, display processing unit 909, and control unit
910 under the control of the control unit 910. The storage
medium 907 is, for example, a semiconductor memory. The
storage medium 907 stores various kinds of information such
as the above measurement information. The interface unit 908
performs communication processing conforming to, for
example, the USB standard to realize communication with
the external device connected to the connector 902. The dis-
play processing unit 909 generates an image signal for caus-
ing the monitor device connected to the connector 903 to
display an image on the basis of the above measurement
information, information supplied from the control unit 910,
and the like.

[0314] The control unit 910 comprises, for example, a
microprocessor. The control unit 910 systematically controls
the respective units of the ultrasound diagnostic apparatus
900 to realize operation for the diagnosis of the ultrasound
probe 200. The control unit 910 has a function of diagnosing
the state of each channel on the basis of the voltage of each
channel detected by the receiving unit 905 and the measure-
ment result obtained by the measuring unit 906. The control
unit 910 also has a function of controlling the display pro-
cessing unit 909 to generate display data for graphically dis-
playing the positions of the contacts 201a in the connector
201 in correspondence with the above check results concern-
ing channels including the contacts 201a.

[0315] The medical diagnosing unit 911 also includes an
imaging control unit 911a, image generating unit 9115,
memory unit 911¢, and display unit 9114. The imaging con-
trol unit 911a controls the transmitting unit 904, receiving
unit 905, and image generating unit 9115 so as to perform
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proper imaging processing in accordance with diagnosis con-
tents or the like. The image generating unit 9115 generates
display data for displaying an image for medical diagnosis on
the basis of the signals output from the receiving unit 905. The
image represented by display data includes, for example, a
reconstructed image such as a tomographic image or three-
dimensional image concerning an organ or blood flow in a
subject to be examined or a text image or graph representing
a measurement value such as a blood flow rate or its change.
The memory unit 911c¢ stores the above display data. The
display unit 9114 performs display operation based on the
display data.

[0316] FIG. 37 is a view showing an example of the outer
appearance of the connector 201 in FIG. 36. The connector
201 shown in FIG. 37 has many contacts 2014 arranged in the
form of a matrix. The connector 201 shown in FIG. 37 has a
total of 360 contacts 201a, more specifically, two contact
groups each having contacts arranged in a 15x12 matrix.
Signal lines 203a are connected to some of the 360 contact
201a. If, for example, the ultrasound probe 200 has a 128-
channel arrangement, 128 signal lines 203a are respectively
connected to 128 contacts 201a. Other contacts 201a are
connected to the identification information output unit 204 or
to power supply lines and ground lines (none of which are
shown in FIG. 36). There are a plurality of models of ultra-
sound probes 200, e.g., ultrasound probes having different
numbers of channels. The connector 201 shown in FIG. 37
can be commonly used for these models. Therefore, which
contacts of the 360 contacts are to be connected to the signal
lines 203a varies depending on the model.

[0317] The operation of the ultrasound diagnostic appara-
tus having the above arrangement will be described next.
[0318] When medical diagnosis on a subject to be exam-
ined is to be performed by using the ultrasound probe 200,
information useful for medical diagnosis can be presented by
activating the medical diagnosing unit 911 in the same man-
ner as a known ultrasound diagnostic apparatus.

[0319] Ifitis required to diagnose the state of each channel
in the ultrasound probe 200, the control unit 910 determines
to which one of the many contacts 2014 of the connector 201
the channel whose state is to be diagnosed belongs. More
specifically, the control unit 910 reads in the identification
information output from the identification information output
unit 204. The control unit 910 determines the model of the
ultrasound probe 200 connected to the connector 901 on the
basis of the above identification information. The identifica-
tion information is information for specifying each ultra-
sound probe 200, and does not generally include information
indicating a model. The control unit 910 determines the
model of the ultrasound probe 200 by referring to a database
in which pieces of model information are written in corre-
spondence with various kinds of identification information.
The database may be acquired in advance from the external
device connected to the connector 902 or stored in advance in
the storage medium 907. Alternatively, information indicat-
ing a model may be contained in identification information,
and the control unit 910 may directly determine the model of
the ultrasound probe 200 from this information. The control
unit 910 determines the function of each contact 201a in the
mode determined above by referring to the above database or
another database. Note that when only the ultrasound probe
200 of the model in which the functions of the respective
contacts 2014 are the same is to be diagnosed, such process-
ing can be omitted.
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[0320] The control unit 910 diagnoses the state of each
channel to be diagnosed which is determined in the above
manner. A method of diagnosing the state of a channel may be
arbitrary. For example, the state of each channel can be diag-
nosed on the basis of the state of a reflected ultrasound signal
which can be received by using the channel. More specifi-
cally, as shown in FIG. 36, a test object is placed in a medium
such as water in a vessel such as a water bath, and the ultra-
sound transducing elements 202a are excited. The receiving
unit 905 receives reflected ultrasound signals from the test
object through the ultrasound transducing elements 202a,
signal lines 203a, the contacts 201a, and the contacts 901a,
and causes the measuring unit 906 to collect various data
concerning the reflected ultrasound signals. The control unit
910 then determines the state of each channel on the basis of
the data collected by the measuring unit 906. Alternatively,
the state of each channel can be diagnosed on the basis of the
transient response characteristic of the voltage of the signal
line 203a when a DC voltage is applied to the signal line 203a
or the bias voltage output from an electronic circuit (not
shown) provided for the ultrasound probe 200.

[0321] Uponcompleting diagnosis concerning all the chan-
nels whose states are to be diagnosed, the control unit 910
causes the display processing unit 909 to generate display
data indicating this diagnosis result. The display data gener-
ated by the display processing unit 909 is sent to the monitor
device through the connector 903. The monitor device dis-
plays the image indicating the diagnosis result on the basis of
the above display data.

[0322] The ultrasound diagnostic apparatus 900 can dis-
play a diagnosis result by three display methods, i.e., the first
to third display methods. Determining which one of the three
display methods is to be used in accordance with designation
by the user makes it possible to perform display operation in
accordance with user’s need.

[0323] FIG. 38 is a view showing an example of the image
displayed by the first display method.

[0324] The image shown in FIG. 38 is based on a computer
graphics image indicating the arrangement pattern of the
contacts 201a of the connector 201. A computer graphics
image indicating diagnosis results concerning channels
belonging to the contacts 201a arranged at the respective
positions in the graphics image serving as this base is com-
bined with the graphics image serving as the above base.
Referring to FIG. 38, color differences are indicated by dif-
ferent kinds of hatchings. In the image shown in FIG. 38, at
the position of the contact 2014 to which a channel in which
abnormality has been found belongs, a numeral indicating the
corresponding channel number is combined.

[0325] FIG. 39 is a view showing an example of the image
displayed by the second display method.

[0326] The image shown in FIG. 39 indicates, by using
characters, pieces of connector location information indicat-
ing the positions of the contacts 201a of the connector 201 to
which the respective channels belong and diagnosis results in
correspondence with the respective channel numbers.

[0327] Connector location information comprises a combi-
nation of a row number assigned to each row of the matrix of
the contacts 201a of the connector 201 and a column number
assigned to each column. For example, the connector 201
shown in FIG. 37 has the contacts 201a arranged in a 30
(rows)x12 (columns) matrix, and the 30 rows are assigned A
to Z and a to g as row numbers, and the 12 columns are
assigned 1 to 12 as column numbers. In the case shown in
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FIG. 39, connector location information concerning the chan-
nel whose channel number is “1” is represented by “A-12”.
This indicates that the contact 201a belonging to the channel
whose channel number is “1” is located at the Ath row and
12th column.

[0328] FIGS. 40a and 40B are views showing an example
of the image displayed by the third display method.

[0329] The image shown in each of FIGS. 40A and 40B is
based on an actual image 111 of the outer appearance of the
connector 201 which is imaged to indicate the arrangement of
the contacts 201« in the connector 201. In the initial state,
only the actual image 111 described above and a pointer P are
indicated, as shown in FIG. 40A.

[0330] In this state, the control unit 910 receives pointer
operation by the user with, for example, the pointing device
connected to the connector 902. The control unit 910 moves
the pointer P in accordance with this pointer operation.
[0331] If the pointer P is moved to a position designating
any one of the contacts on the actual image 111 as shown in
FIG. 40B, the control unit 910 updates the image to display an
image 112 indicating a diagnosis result concerning the chan-
nel belonging to the designated contact by combining it with
the above image, as shown in FIG. 40B.

[0332] As described above, according to this embodiment,
a diagnosis result concerning each channel is displayed in
correspondence with the position of the corresponding con-
tact 201a belonging to the channel in the connector 201. If,
therefore, a failure has occurred in any of the channels, the
maintenance operator can easily know, by only visual obser-
vation, to which one of the contacts 201a the channel belongs.
It is easy to discriminate the signal line 203a connected to the
specific contact 201a. It is also easy to discriminate the ultra-
sound transducing element 202a belonging to the same chan-
nel as that of the specific contact 201a by tracing the signal
line 203a discriminated in this manner. As described above,
the maintenance operator can easily discriminate the contact
201a, ultrasound transducing element 2024, and signal line
203a which constitute the channel in which abnormality has
occurred. This makes it easy for the maintenance operator to
recognize the portion in which the failure has occurred. Since
this makes it possible to shorten the time required to recog-
nize a failure occurrence portion, the time required to repair
the ultrasound probe 200 can be shortened.

[0333] The 10th embodiment can be variously modified as
follows.
[0334] Although a diagnosis result can be displayed by

each of the three display methods, i.e., the first to third display
methods, the embodiment may be designed to display the
diagnosis result by only one or two display methods.

[0335] The base image in the first display method may be
replaced with the actual image used in the third display
method.

[0336] The base image in the third display method may be
replaced with the computer graphics image as the base used in
the first display method.

[0337] Information for presenting a diagnosis result may be
generated by a presenting method other than the display
methods. For example, print data for causing the printer to
print an image like that described above may be generated. In
this case, generating print data indicating the image obtained
by combining the above image with a predetermined form for
areport makes it possible to easily and automatically generate
a report indicating diagnosis results so as to make them easy
to understand as described above.
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[0338] The transmitting unit 904 and receiving unit 905
each may be designed to have a 1-channel arrangement by
using a matrix switch with a multiplexer arrangement. This
makes it possible to reduce the circuit sizes of the transmitting
unit 904 and receiving unit 905.

[0339] Display operation based on a signal generated by a
display processing unit 909 may be performed by a display
unit 911d. In this case, the display processing unit 909 is
connected to the image generating unit 9115. The image
generating unit 9115 generates display data from the signal
generated by the display processing unit 909. The display
data is written in the memory init 911c.

[0340] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting a medical diagnosing
unit 911.

11th Embodiment

[0341] FIG. 41 is ablock diagram showing the arrangement
of an ultrasound diagnostic apparatus having a function of
diagnosing an ultrasound probe according to the 11th
embodiment. This ultrasound diagnostic apparatus includes a
main unit 1000 and ultrasound probe 200.

[0342] Themainunit1000 includes connectors 1001, 1002,
and 1003, a transmitting unit 1004, a receiving unit 1005, a
measuring unit 1006, a storage medium 1007, an interface
unit 1008, a display processing unit 1009, an image simula-
tion processing unit 1010, a control unit 1011, and a medical
diagnosing unit 1012.

[0343] A connector 201 provided in the ultrasound probe
200 is attached to the connector 1001. The connector 1001 has
contacts 1001a equal in number to contacts 2014 provided on
the connector 201. The contacts 1001a are so arranged as to
come into contact with the contacts 2014, respectively, when
the connector 201 is attached to the connector 1001. An
external device (not shown) is connected to the connector
1002 through a communication cable (not shown) such as a
USB cable. This external device is, for example, a printer,
network, personal computer, keyboard, and pointing device.
A monitor device (not shown) is connected to the connector
1003 through a monitor cable (not shown).

[0344] The transmitting unit 1004 transmits excitation sig-
nals for exciting ultrasound transducing elements 202a. The
transmitting unit 1004 can transmit excitation signals for the
respective ultrasound transducing elements 2024 in parallel.
The receiving unit 1005 receives the signals output from the
ultrasound transducing elements 202a. The receiving unit
1005 can receive the signals output from the ultrasound trans-
ducing elements 202q in parallel. The receiving unit 1005
outputs the received signals.

[0345] The measuring unit 1006 performs predetermined
measurement processing on the basis of the reception signals
output from the receiving unit 1005. The measuring unit 1006
outputs the measurement information obtained by the above
measurement processing to the storage medium 1007, inter-
face unit 1008, display processing unit 1009, and control unit
1011 under the control of the control unit 1011. The storage
medium 1007 is, for example, a semiconductor memory. The
storage medium 1007 stores various kinds of information
such as the above measurement information. The interface
unit 1008 performs communication processing conforming
to, for example, the USB standard to realize communication
with the external device connected to the connector 1002. The
display processing unit 1009 generates an image signal for
causing the monitor device connected to the connector 1003
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to display an image on the basis of the above measurement
information, information supplied from the control unit 1011,
and the like.

[0346] The image simulation processing unit 1010 com-
prises, for example, a microprocessor. The image simulation
processing unit 1010 generates a simulation image by image
simulation simulating an ultrasound diagnostic apparatus
using a virtual ultrasound probe or ideal ultrasound probe
which is constructed by the control unit 1011.

[0347] The control unit 1011 comprises, for example, a
microprocessor. The control unit 1011 systematically con-
trols the respective units of the main unit 1000 to realize
operation for the diagnosis of the ultrasound probe 200. The
control unit 1011 also has a function of obtaining the feature
value of a reflected ultrasound signal on the basis of the
measurement result obtained by the measuring unit 1006. The
control unit 1011 has a function of constructing a virtual
ultrasound probe on the basis of the above feature amount.
The control unit 1011 has a function of generating report data
indicating a report with which the simulation image gener-
ated by the image simulation processing unit 1010 is com-
bined.

[0348] The medical diagnosing unit 1012 also includes an
imaging control unit 1012q, image generating unit 10125,
memory unit 1012¢, and display unit 10124. The imaging
control unit 1012« controls the transmitting unit 1004, receiv-
ing unit 1005, and image generating unit 10125 so as to
perform proper imaging processing in accordance with diag-
nosis contents or the like. The image generating unit 10124
generates display data for displaying an image for medical
diagnosis on the basis of the signals output from the receiving
unit 1005. The image represented by display data includes,
for example, a reconstructed image such as a tomographic
image or three-dimensional image concerning an organ or
blood flow in a subject to be examined or a text image or graph
representing a measurement value such as a blood flow rate or
its change. The memory unit 1012¢ stores the above display
data. The display unit 10124 performs display operation
based on the display data.

[0349] The operation of the ultrasound diagnostic appara-
tus having the above arrangement will be described next.
[0350] When medical diagnosis on a subject to be exam-
ined is to be performed by using the ultrasound probe 200,
information useful for medical diagnosis can be presented by
activating the medical diagnosing unit 1012 in the same man-
ner as a known ultrasound diagnostic apparatus.

[0351] In diagnosing the ultrasound probe 200, a mainte-
nance operator places a test object in a medium such as water
in a vessel such as a water bath and also makes the head unit
202 face the test object in advance, as shown in FIG. 41.
[0352] Ifitis required to diagnose the ultrasound probe 200
connected to the connector 1001, the control unit 1011
executes the processing shown in FIG. 42A and the process-
ing shown in FIG. 42B.

[0353] Instep Sd1inFIG. 42A, the control unit 1011 causes
the respective units to acquire measured data. More specifi-
cally, the control unit 1011 causes the transmitting unit 1004
to excite the ultrasound transducing elements 202a. The 1011
also causes the receiving unit 1005 to receive reflected ultra-
sound signals from the test object through the ultrasound
transducing elements 202a, signal lines 203a, contacts 201a,
and contacts 1001a. The control unit 1011 further causes the
measuring unit 1006 to collect various kinds of data concern-
ing the reflected ultrasound signals. The measuring unit 1006
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stores the collected data in the storage medium 1007. This
measured data acquisition is performed for each channel.
[0354] In step Sd2, the control unit 1011 performs signal
analysis. That is, the control unit 1011 analyzes the reflected
ultrasound signals on the basis of the measured data stored in
the storage medium 1007, and obtains the feature values of
the reflected ultrasound signals for each channel. As feature
values, amplitude values, center frequency values, frequency
band values, group delay time values, and the like are con-
ceivable. In this embodiment, these amplitudes, center fre-
quencies, frequency bands, and group delays are obtained. In
step Sd3, the control unit 1011 stores amplitude data, center
frequency data, frequency band data, and group delay data
representing the respective values obtained in the above man-
ner in the storage medium 1007.

[0355] Instep Sd4, the control unit 1011 instructs the image
simulation processing unit 1010 to construct a virtual ultra-
sound probe. Upon receiving this instruction, the image simu-
lation processing unit 1010 constructs a virtual ultrasound
probe on the basis of the amplitude values, center frequency
values, frequency band values, and group delay time values
calculated in the above manner. In step Sd5, the control unit
1011 issues an instruction to execute image simulation using
the constructed virtual ultrasound probe. Upon receiving this
instruction, the image simulation processing unit 1010
executes image simulation simulating an ultrasound diagnos-
tic apparatus using the above ultrasound probe. A known
technique can be applied to this image simulation. For
example, in image simulation based on a point spread func-
tion (PSF), transmission/reception characteristic parameters
of a lattice array may be obtained by using the above feature
values. The image simulation processing unit 1010 stores an
image obtained as a result of such image simulation as a check
probe image in the storage medium 1007.

[0356] Instep Sel in FIG. 42B, the control unit 1011 reads
in the identification information output from an identification
information output unit 204. In step Se2, the control unit 1011
acquires probe information concerning the model of the ultra-
sound probe 200 connected to the connector 1001. The model
of the ultrasound probe 200 is determined on the basis of the
above identification information. The identification informa-
tion is information for specifying each ultrasound probe 200,
and does not generally include information indicating a
model. The control unit 1011 determines the model of the
ultrasound probe 200 by referring to a database in which
pieces of model information are written in correspondence
with various kinds of identification information. The database
may be acquired in advance from the external device con-
nected to the connector 1002 or stored in advance in the
storage medium 1007. Alternatively, information indicating a
model may be contained in identification information, and the
control unit 1011 may directly determine the model of the
ultrasound probe 200 from this information. Probe informa-
tion is information containing the ideal value of the above
feature value concerning each model. The control unit 1011
acquires probe information from the above database or
another database. Note that when only the single model of the
ultrasound probe 200 is to be diagnosed, such processing can
be omitted.

[0357] Instep Se3, the control unit 1011 constructs an ideal
ultrasound probe on the basis of the feature values indicated
by the above acquired probe information. In step Sed, the
controlunit 1011 issues an instruction to execute image simu-
lation using the constructed ideal ultrasound probe. Upon
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receiving this instruction, the image simulation processing
unit 1010 executes image simulation simulating an ultra-
sound diagnostic apparatus using the above ideal ultrasound
probe. The image simulation processing unit 1010 stores an
image obtained as a result of such image simulation as a
reference probe image in the storage medium 1007.

[0358] Instep Sd5 in FIG. 42A, the control unit 1011 reads
out a check probe image and reference probe image from the
storage medium 1007, and generates a comparative display
image presenting these images side by side. FIG. 43 is a view
showing an example of this comparative display image. A
signal for causing the monitor device to display the compara-
tive display image is generated by the display processing unit
1009 under the control of the control unit 1011, and is output
from the connector 1003.

[0359] The control unit 1011 can generate the print data of
a report like that shown in FIG. 34 which contains the com-
parative display image. This print data is sent to a printer
through the interface unit 1008 and connector 1002 and
printed.

[0360] As described above, according to the 11th embodi-
ment, a check probe image can be presented, which is
obtained by image simulation using a virtual ultrasound
probe constructed while reflecting the state of the ultrasound
probe 200 which is determined from the reception states of
reflected ultrasound signals from a test object. The mainte-
nance operator can easily and properly recognize the degree
of influence of a deterioration in the ultrasound probe 200 on
image diagnosis on the basis of this check probe image.
[0361] According to the 11th embodiment, the reference
probe image obtained by image simulation using the ideal
ultrasound probe having ideal characteristics is presented
together with the above check probe image. This allows the
maintenance operator to more easily and properly recognize
the degree of influence of a deterioration in the ultrasound
probe 200 on image diagnosis by comparing the check probe
image with the reference probe image.

[0362] In addition, according to the 11th embodiment, a
report containing a check probe image can be automatically
printed. By using the report printed by this function, the
maintenance operator can report to the user of the ultrasound
probe 200 the current state of the ultrasound probe 200 so as
to make it easy to understand.

[0363] The 11th embodiment can be variously modified as
follows.
[0364] In image simulation, the ultrasound diagnostic

apparatus may generate an image such as a B-mode image,
M-mode image, or Doppler image. This allows the mainte-
nance operator to more precisely recognize a degree of influ-
ence on actual image diagnosis.

[0365] As a reference probe image, an image prepared in
advance may be used.

[0366] An ideal ultrasound probe may be constructed on
the basis of the initial characteristics of the ultrasound probe
200 to be examined at the time of shipment or the like, and a
reference probe image may be obtained by image simulation
using the ideal ultrasound probe. In this case, the character-
istics of each ultrasound probe 200 in an initial state, e.g., at
the time of shipment, or average characteristics for each lot
are registered in a database.

[0367] Alternatively, a check probe image obtained in the
past may be stored in the storage medium 1007 or registered
in an external database, and may be used as a reference probe
image.
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[0368] A reference probe image need not be presented.
[0369] A check probe image may be output to an external
device to be arbitrarily used for, for example, display opera-
tion or the generation of a report.

[0370] The transmitting unit 1004 and receiving unit 1005
each may be designed to have a 1-channel arrangement by
using a matrix switch with a multiplexer arrangement. This
makes it possible to reduce the circuit sizes of the transmitting
unit 1004 and receiving unit 1005.

[0371] Display operation based on a signal generated by the
display processing unit 1009 may be performed by the dis-
play unit 10124. In this case, the display processing unit 1009
is connected to the image generating unit 10125. The image
generating unit 10125 generates display data from the signal
generated by the display processing unit 1009. The display
data is written in the memory init 1012c¢.

[0372] This apparatus may be realized as an ultrasound
probe diagnosing apparatus by omitting the medical diagnos-
ing unit 1012.

[0373] Note that a plurality of functions of the ultrasound
probe diagnosing functions described in the respective
embodiments described above can be provided for a single
ultrasound diagnostic apparatus or ultrasound probe diagnos-
ing apparatus.

[0374] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

1-30. (canceled)

31. An ultrasound probe diagnosing apparatus which diag-
noses an ultrasound probe having signal lines for transmitting
signals transmitted/received by ultrasound transducing ele-
ments, comprising:

a part which applies a test voltage to the signal line; and

a determining part which determines a state of the ultra-

sound transducing element or the signal line on the basis
of a voltage value of the ultrasound transducing element
or the signal line upon application of the test voltage.

32. An apparatus according to claim 31, wherein the deter-
mining part determines a state of the signal line on the basis of
the signal line voltage at a point of time after a lapse of a
predetermined period of time since an application state of the
test voltage is changed or a time required for the signal line
voltage to reach a predetermined voltage after the application
state of the test voltage is changed.

33. An apparatus according to claim 31, wherein the deter-
mining part determines a state of the ultrasound transducing
element or the signal line in consideration of an echo recep-
tion state of the ultrasound probe at the time of application of
a voltage in addition to the signal line voltage.

34. An ultrasound probe diagnosing apparatus which diag-
noses an ultrasound probe including an electronic circuit
which has a signal line for transmitting a signal transmitted/
received by an ultrasound transducing element and is config-
ured to apply a bias voltage to the signal line, comprising:

a detecting part which detects the bias voltage applied to

the signal line; and

a determining part which determines a state of the signal

line on the basis of whether the bias voltage is detected
by the detecting part.
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35. Anapparatus according to claim 34, further comprising
a part which applies different voltages to the electronic circuit
depending on whether a state of the signal line is determined
by the determining part.

36. An apparatus according to claim 34, further compris-
ing:

an applying part which selectively applies a first voltage
and a second voltage different from the first voltage to
the electronic circuit provided in the ultrasound probe as
a diagnosis target;

a circuit identifying part which identifies the electronic
circuit provided in the ultrasound probe as a diagnosis
target as a first type which applies the bias voltage to the
signal line by using the first voltage or a second type
which applies the bias voltage to the signal line by using
the second voltage; and

a part which controls the applying part to apply the first
voltage to the electronic circuit in accordance with iden-
tification of the electronic circuit as the first type and to
apply the second voltage to the electronic circuit in
accordance with identification of the electronic circuit as
the second type.

37. An ultrasound probe diagnosing apparatus which diag-
noses an ultrasound probe of a first type which has a signal
line for transmitting a signal to be transmitted/received by an
ultrasound transducing element or an ultrasound probe of a
second type which includes an electronic circuit which has a
signal line for transmitting a signal to be transmitted/received
by an ultrasound transducing element and is configured to
apply a bias voltage to the signal line, comprising:

aprobe identifying part which identifies a diagnosis target
as an ultrasound probe of the first type or an ultrasound
probe of the second type;

apart which changes an application state of a test voltage to
the signal line in accordance with identification of the
diagnosis target as an ultrasound probe of the first type;

a first determining part which determines a state of the
signal line on the basis of a transient response charac-
teristic of a signal line voltage of the signal line when the
application state of the test voltage is changed;

a detecting part which detects the bias voltage applied to
the signal line, in accordance with identification of a
diagnosis target as an ultrasound probe of the second
type by the probe identifying part; and

a second determining part which determines a state of the
signal line on the basis of whether the bias voltage is
detected by the detecting part.

38. An apparatus according to claim 37, further compris-

ing:

an applying part which selectively applies a first voltage
and a second voltage different from the first voltage to
the electronic circuit provided in the ultrasound probe as
a diagnosis target;

a circuit identifying part which identifies the electronic
circuit provided in the ultrasound probe as the diagnosis
target as a first type which applies the bias voltage to the
signal line by using the first voltage or a second type
which applies the bias voltage to the signal line by using
the second voltage; and

a part which controls the applying part to apply the first
voltage to the electronic circuit in accordance with iden-
tification of the electronic circuit as the first type by the
circuit identifying part and to apply the second voltage to
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the electronic circuit in accordance with identification of
the electronic circuit as the second type.

39. An ultrasound diagnostic apparatus which includes an
ultrasound probe having a signal line for transmitting a signal
to be transmitted/received by an ultrasound transducing ele-
ment, and obtains information for diagnosis on a subject to be
examined on the basis of a reflected ultrasound wave received
from the subject by the ultrasound probe, comprising:

a part which applies a test voltage to the signal line; and

a determining part which determines a state of the ultra-
sound transducing element or the signal line on the basis
of a voltage value of the ultrasound transducing element
or the signal line upon application of the test voltage.

40. An ultrasound diagnostic apparatus which includes an
ultrasound probe having an electronic circuit which has a
signal line for transmitting a signal to be transmitted/received
by an ultrasound transducing element and is configured to
apply a bias voltage to the signal line, and obtains information
for diagnosis on a subject to be examined on the basis of a
reflected ultrasound wave received from the subject by the
ultrasound probe, comprising:

a detecting part which detects the bias voltage applied to

the signal line; and

a determining part which determines a state of the signal
line on the basis of whether the bias voltage is detected
by the detecting part.

41. An apparatus according to claim 40, further comprising
apart which applies different voltages to the electronic circuit
depending on whether a state of the signal line is determined
by the determining part.

42. An apparatus according to claim 40, further compris-
ing:

an applying part which selectively applies a first voltage
and a second voltage different from the first voltage to
the electronic circuit provided in the ultrasound probe as
a diagnosis target;

a circuit identifying part which identifies the electronic
circuit provided in the ultrasound probe as a diagnosis
target as a first type which applies the bias voltage to the
signal line by using the first voltage or a second type
which applies the bias voltage to the signal line by using
the second voltage; and

a part which controls the applying part to apply the first
voltage to the electronic circuit in accordance with iden-
tification of the electronic circuit as the first type and to
apply the second voltage to the electronic circuit in
accordance with identification of the electronic circuit as
the second type.

43. An ultrasound diagnostic apparatus which includes an
ultrasound probe of a first type which has a signal line for
transmitting a signal to be transmitted/received by an ultra-
sound transducing element or an electronic circuit which has
a signal line for transmitting a signal to be transmitted/re-
ceived by an ultrasound transducing element and is config-
ured to apply a bias voltage to the signal line, and obtains
information for diagnosis on a subject to be examined on the
basis of areflected ultrasound wave received from the subject
by the ultrasound probe, comprising:

a probe identifying part which identifies the ultrasound

probe as the first type or second type;

a part which changes an application state of a test voltage to
the signal line in accordance with identification of the
ultrasound probe as the first type;
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a first determining part which determines a state of the
signal line on the basis of a transient response charac-
teristic of a signal line voltage of the signal line when the
application state of the test voltage is changed;

a detecting part which detects the bias voltage applied to
the signal line, in accordance with identification of the
ultrasound probe as the second type; and

a second determining part which determines a state of the
signal line on the basis of whether the bias voltage is
detected by the detecting part.

44. An apparatus according to claim 43, further compris-

ing:

an applying part which selectively applies a first voltage
and a second voltage different from the first voltage to
the electronic circuit provided in the ultrasound probe;

a circuit identifying part which identifies the electronic
circuit, which the ultrasound probe has, as a first type
which applies the bias voltage to the signal line by using
the first voltage or a second type which applies the bias
voltage to the signal line by using the second voltage;
and

a part which controls the applying part to apply the first
voltage to the electronic circuit in accordance with iden-
tification of the electronic circuit as the first type by the
circuitidentifying part and to apply the second voltage to
the electronic circuit in accordance with identification of
the electronic circuit as the second type.

45. An ultrasound probe diagnosing method of diagnosing
an ultrasound probe having signal lines for transmitting sig-
nals transmitted/received by ultrasound transducing ele-
ments, comprising:

applying a test voltage to the signal line; and

determining a state of the ultrasound transducing element
or the signal line on the basis of a voltage value of the
ultrasound transducing element or the signal line upon
application of the test voltage.

46. An ultrasound probe diagnosing method of diagnosing
an ultrasound probe including an electronic circuit which has
a signal line for transmitting a signal transmitted/received by
an ultrasound transducing element and is configured to apply
a bias voltage to the signal line, comprising:

detecting the bias voltage applied to the signal line; and

determining a state of the signal line on the basis of whether
the bias voltage is detected by the detecting part.

47. A method according to claim 46, further comprising

applying different voltages to the electronic circuit depending
on whether a state of the signal line is determined.
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48. A method according to claim 46, further comprising:
identifying whether the electronic circuit provided in the
ultrasound probe as the diagnosis target is of a first type
which applies the bias voltage to the signal line by using
the first voltage or a second type which applies the bias
voltage to the signal line by using the second voltage;
and
applying the first voltage to the electronic circuit in accor-
dance with identification of the electronic circuit as the
first type, and applying the second voltage to the elec-
tronic circuit in accordance with identification of the
electronic circuit as the second type.
49. An ultrasound probe diagnosing method of diagnosing
an ultrasound probe of a first type which has a signal line for
transmitting a signal to be transmitted/received by an ultra-
sound transducing element or an ultrasound probe of a second
type which includes an electronic circuit which has a signal
line for transmitting a signal to be transmitted/received by an
ultrasound transducing element and is configured to apply a
bias voltage to the signal line, comprising:
identifying a diagnosis target as an ultrasound probe of the
first type or an ultrasound probe of the second type;

changing an application state of a test voltage to the signal
line in accordance with identification of the diagnosis
target as an ultrasound probe of the first type;

determining a state of the signal line on the basis of a

transient response characteristic of a signal line voltage
of the signal line when the application state of the test
voltage is changed;

detecting the bias voltage applied to the signal line in

accordance with identification of a diagnosis target as an
ultrasound probe of the second type; and

determining a state of the signal line on the basis of whether

the bias voltage is detected.

50. A method according to claim 49, further comprising:

identifying whether the electronic circuit provided in the

ultrasound probe as the diagnosis target is of a first type
which applies the bias voltage to the signal line by using
the first voltage or a second type which applies the bias
voltage to the signal line by using the second voltage;
and

applying the first voltage to the electronic circuit in accor-

dance with identification of the electronic circuit as the
first type, and applying the second voltage to the elec-
tronic circuit in accordance with identification of the
electronic circuit as the second type.

51-142. (canceled)
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