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Description

[0001] The present invention relates to an ultrasound
probe diagnosing apparatus and ultrasound probe diag-
nosing method which diagnose an ultrasound probe used
by an ultrasound diagnostic apparatus, and an ultra-
sound diagnostic apparatus having a function of diag-
nosing an ultrasound probe.

[0002] 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 Publication Nos. 8-238243 and 10-227772.
[0003] A technique of detecting the transmission/re-
ception 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 ultra-
sound probe through the ultrasound probe has been
know through, for example, Jpn. Pat. Appln. KOKAI Pub-
lication No. 2003-144432. EP-A-0 713 102 describes a
self diagnostic uttrasonic imaging system, which analyz-
es echo signals to determine the possible existence of
problems in the transducers or the system receive elec-
tronics. JP 01 056038 A discloses a technique for check-
ing an uttrasonic probe by, for example, measuring the
conversion efficiency of a piezoelectric element.

[0004] It has been difficult to efficiently diagnose an
ultrasound probe by using these related arts.

[0005] It has therefore been required to efficiently di-
agnose an ultrasound probe.

[0006] Itis anobject of the presentinvention to provide
such an improved ultrasound probe diagnosing appara-
tus and method.

[0007] This is achieved by the apparatus of claim 1
and the method of claim 18.

[0008] This summary of the invention does not neces-
sarily describe all necessary features so that the inven-
tion may also be a sub-combination of these described
features.

[0009] The invention can be more fully understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1is a block 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 in-
vention;

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

FIG. 3is a flowchart showing a processing sequence
for navigation by a control unit and navigation
processing unit in FIG. 1;

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

FIG. 5is a timing chart showing the state of a reflect-
ed ultrasound signal in the state shown in FIG. 4;
FIGS. 6A, 6B, 6D, 6D, 6E, 6F, 6G are views for ex-
plaining the generation of a navigation window by
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the navigation processing unit in FIG. 1;

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

FIG. 8 is a timing chart showing the state of a reflect-
ed ultrasound signal in the state shown in FIG. 7;
FIG. 9 is a timing chart showing how times TR, TM,
and TL are matched with a reference time Tref irrel-
evant to a focus time TF;

FIG. 10 is a timing chart showing how navigation is
performed with reference to the posture of the head
unit set in the past;

FIG. 11 is a view showing a modification of the nav-
igation window;

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

FIG. 13 is a graph showing still another modification
of the navigation window;

FIG. 14 is a view showing the appropriate posture
of the head unit when the ultrasound probe is of a
convex system;

FIG. 15is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus having a func-
tion of diagnosing an ultrasound probe according to
the second and third embodiments;

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;

FIG. 17 is a timing chart showing how the repetition
period is changed in the second embodiment;

FIG. 18 is a view showing an example of a composite
signal obtained by a receiving unit in FIG. 15 in the
second embodiment;

FIG. 19is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus having a func-
tion of diagnosing an ultrasound probe according to
the fourth embodiment;

FIG. 20 is a view showing how an ultrasound probe
ofthefirsttypeis connected toaconnectorin FIG. 19;
FIG. 21 is a view showing how an ultrasound probe
of the second or third type is connected to the con-
nector in FIG. 19;

FIG. 22 is a flowchart showing a processing se-
quence 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,;

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;

FIG. 24 is a block diagram showing the basic ar-
rangement of an ultrasound diagnostic apparatus
having a function of diagnosing an ultrasound probe
according to the fifth to eighth embodiments;

FIG. 25is a block diagram showing the characteristic
arrangement of the ultrasound diagnostic apparatus
according to the fifth embodiment;

FIG. 26 is a view showing the arrangement of a ref-
erence database in FIG. 25;
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FIGS. 27A, 27B are graphs showing an example of
a change in the amplitude of a reflected ultrasound
signal and a frequency spectrum;

FIG. 28 is a block diagram showing the characteristic
arrangement of an ultrasound diagnostic apparatus
according to the sixth embodiment;

FIG. 29is a block diagram showing the characteristic
arrangement of an ultrasound diagnostic apparatus
according to the seventh embodiment;

FIG. 30 is a view showing the arrangement of a ref-
erence database in FIG. 29;

FIG. 31is a block diagram showing the characteristic
arrangement of an ultrasound diagnostic apparatus
according to the eighth embodiment;

FIG. 32 is a view showing an example of how normal
degrees are ranked;

FIG. 33 is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus having a func-
tion of diagnosing an ultrasound probe according to
the ninth embodiment;

FIG. 34 is a view showing an example of a report
generated by the ultrasound diagnostic apparatus in
FIG. 33;

FIG. 35is a view showing a modification of the image
displayed on the report shown in FIG. 34;

FIG. 36 is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus having a func-
tion of diagnosing an ultrasound probe according to
the 10th embodiment;

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

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

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

FIGS. 40A, 40B are views showing an example of
an image displayed by the third display method;
FIG. 41 is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus having a func-
tion of diagnosing an ultrasound probe according to
the 11th embodiment;

FIGS.42A,42B are flowcharts showing a processing
sequence executed by a control unit for diagnosing
an ultrasound probe in FIG. 41; and

FIG. 43 is a view showing an example of a compar-
ative display image.

The embodiments of the present invention will be
described below with reference to the views of the
accompanying drawing.

[0010] FIG. 1 is a block diagram showing the basic
arrangement of an ultrasound diagnostic apparatus hav-
ing a function of diagnosing an ultrasound probe . This
ultrasound diagnostic apparatus includes a main unit 100
and ultrasound probe 200. The ultrasound probe 200 in-
cludes a connector 201, head unit 202, cable unit 203,
and identification information output unit 204.

[0011] The connector 201 is connected to the main
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unit 100. The head unit 202 is formed by arraying a plu-
rality of ultrasound transducing elements 202a one-di-
mensionally or two-dimensionally. Each of the ultrasound
transducing elements 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 s, the ultrasound
probe 200 comprises a plurality of channels in parallel,
each including the contact 201a, ultrasound transducing
element 202a, and signal line 203a.

[0012] The identification information output unit 204
outputs identification information assigned to the ultra-
sound probe 200. The connector 201 is also provided
with a contact 201a connected to the identification infor-
mation output unit 204.

[0013] 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 nav-
igation processing unit 110, a controlunit 111, and a med-
ical diagnosing unit 112.

[0014] The connector 201 provided in the ultrasound
probe 200 is attached to the connector 101. The connec-
tor 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
201a, respectively, when the connector 201 is attached
to the connector 101. An external device (not shown) is
connected to the connector 102 through a communica-
tion 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 de-
vice. A monitor device (not shown) is connected to the
connector 103 through a monitor cable (not shown).
[0015] The transmitting unit 104 transmits excitation
signals for exciting the ultrasound transducing elements
202a. The transmitting unit 104 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 105 receives
the signals received by the ultrasound transducing ele-
ments 202a. The receiving unit 105 can receive the sig-
nals received by the ultrasound transducing elements
202a in parallel. The receiving unit 105 outputs the re-
ceived signals.

[0016] 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 transmitting an ultrasound wave and receiving
the reflected ultrasound wave. The measuring unit 106
outputs measurement information indicating the meas-
ured feature values to the storage medium 107, interface
unit 108, display processing unit 109, navigation process-
ing 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 ex-
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ample, the USB standard to realize communication with
the external device connected to the connector 102. The
display processing unit 109 generates an image signal
for causing the monitor device connected to the connec-
tor 103 to display an image on the basis of the above
measurement information, information supplied from the
control unit 111, and the like.

[0017] The navigation processing unit 110 comprises,
for example, a microprocessor. The navigation process-
ing 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 infor-
mation 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 navi-
gating the operation of changing the posture of the ultra-
sound probe 200 so as to eliminate the difference be-
tweenthe determined posture and the predetermined ref-
erence posture. The navigation window information is
output to an external device through the interface unit
108 and connector 102 or output to the display process-
ing unit 109.

[0018] The control unit 111 comprises, for example, a
microprocessor. The control unit 111 systematically con-
trols 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 processing in the navigation processing
unit 110 from the storage medium 107 to the navigation
processing unit 110.

[0019] The medical diagnosing unit 112 also includes
animaging control unit 112a, image generating unit 112b,
memory unit 112c, and display unit 112d. The imaging
control unit 112a controls the transmitting unit 104, re-
ceiving unit 105, and image generating unit 112b so as
to perform proper imaging processing in accordance with
diagnosis contents or the like. The image generating unit
112b 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 atomographicimage or three-dimensional image con-
cerning an organ or blood flowin a subject to be examined
or a text image or graph representing a measurement
value such as a blood flow rate orits change. The memory
unit 112c stores the above display data. The display unit
112d performs display operation based on the display
data.

[0020] The operation of the ultrasound diagnostic ap-
paratus having the above arrangement will be described
next.

[0021] When medical diagnosis on a subject to be ex-
amined is to be performed by using the ultrasound probe
200, information useful for medical diagnosis can be pre-
sented by activating the medical diagnosing unit 112 in
the same manner as a known ultrasound diagnostic ap-
paratus.
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[0022] Indiagnosingthe ultrasound probe 200, a main-
tenance 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.

[0023] 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 ul-
trasound probe 200 by clamping it between two opposing
restraining members 301 and 302. This allows the ultra-
sound 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 posture of the probe in other
directions.

[0024] Ifitis required to diagnose the ultrasound probe
200, the control unit 111 executes processing like that
shown in FIG. 3. In step Sa1, the control unit 111 reads
in the identification information output from the identifi-
cationinformation output unit204. In step Sa2, the control
unit 111 acquires focus information concerning the model
of the ultrasound probe 200 connected to the connector
101. The model of the ultrasound probe 200 is deter-
mined on the basis of the above identification information.
The identification information is information for specifying
each ultrasound probe 200, and does not generally in-
clude 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 infor-
mation are written in correspondence with various kinds
of identification information. The database may be ac-
quired in advance from the external device connected to
the connector 102 or stored in advance in the storage
medium 107. Alternatively, information indicating a mod-
el may be contained in identification information, and the
control unit 111 may directly determine the model of the
ultrasound probe 200 from this information. Focus infor-
mation is information containing the focus time TF which
is the time required for an ultrasound wave to reciprocate
to a focus point. The control unit 111 acquires focus in-
formation 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.

[0025] In step Sa3, the control unit 111 causes the
transmitting unit 104 to sequentially excite the ultrasound
transducing elements 202a for posture detection which
are selected in advance from all the ultrasound transduc-
ing elements 202a. In this case, the number of ultrasound
transducing elements 202a for posture detection may be
arbitrary aslong asitis plural. The ultrasound transducing
elements 202a for posture detection which are to be ex-
cited 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 unit202, i.e., a total of three ultrasound
transducing elements 202a, are used as the ultrasound
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transducing elements 202a for posture detection. In the
following description, for the sake of descriptive conven-
ience, 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, channels
including the transducers R, L, and M will be referred to
as channels CHR, CHL, and CHM, respectively.

[0026] When the transducers R, M, and L are excited,
reflected ultrasound signals from the test object are re-
ceived 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 chan-
nels CHR, CHM, and CHL are obtained and input to the
measuring unit 106. The measuring unit 106 then meas-
ure times TR, TM, and TL taken between exciting the
transducers R, M, and L and receiving the corresponding
reflected ultrasound signals.

[0027] In step Sa4, the control unit 111 instructs the
navigation processing unit 110 to execute posture deter-
mination. At this time, the control unit 111 notifies the
navigation processing unit 110 of a focus time TF indi-
cated by the focus information acquired in step Sa2.
[0028] In response to this instruction, the navigation
processing 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.

[0029] In step Sb3, the navigation processing unit 110
compares 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 process-
ing unit 110 advances from step Sb3 to step Sb4 to set
the variable NFL to "-1". If the time TM is equal to the
focus time TF, the processing of the navigation process-
ing 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 process-
ing unit 110 advances from step Sb3 to step Sbb6 to set
the variable NFL to "1".

[0030] Letting C be the sound velocity of an ultrasound
wave propagating in the medium, L be the distance be-
tween the ultrasound transducing element 202a and the
test object, and T be the time required between transmit-
ting 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 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.

[0031] The processing of the navigation processing
unit 110 advances from step Sb4, step Sb5, or step Sb6
to step Sb7. In step Sb7, the navigation processing unit
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110 compares the time TR with the time TL. If the time
TR is larger than the time TL, the processing of the nav-
igation processing unit 110 advances from step Sb7 to
step Sb8 to set the variable NFD to "-1". 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".

[0032] As described above, the times TR and TL are
proportional to distances LR and LL between the trans-
ducers Rand 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 distance LR = distance LL,
and "1" when distance LR < distance LL.

[0033] 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 generates navigation window information rep-
resenting a navigation window corresponding to the var-
iables NFL and NFD.

[0034] 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 clock-
wise and counterclockwise.

[0035] The navigation processing unit 110 changes
the colors of the arrows A1 and A2 in accordance with
the variable NFL. More specifically, if the variable NFL
is "-1", 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 neither of the colors of the arrows A1
and A2, as shown in FIG. 6B. If the variable NFL is "1",
the navigation processing unit 110 changes the color of
the arrow A1 as indicated by the hatching in FIG. 6D.
[0036] The navigation processing unit 110 changes
the colors of the arrows A5 and A6 in accordance with
the variable NFD. More specifically, if the variable NFD
is "-1", the navigation processing unit 110 changes the
color of the arrow A5 as indicated by the hatching in FIG.
6E. If the variable NFD is "0", the navigation processing
unit 110 changes neither of the colors of the arrows A5
and A6 as shown in FIG. 6F. If the variable NFD is "1",
the navigation processing unit 110 changes the color of
the arrow A6 as indicated by the hatching in FIG. 6G.
[0037] 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 dis-
play processing unit 109 generates a signal for causing
the monitor device to display the navigation window on
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the basis of the navigation window information, and out-
puts the information to the connector 103. The navigation
window information can be output to an external device
through the interface unit 108 and connector 102.
[0038] Instep Sb12,the navigation processing unit110
notifies the control unit 111 of the variables NFL and NFD.
The navigation processing unit 110 terminates the
processing in FIG. 3.

[0039] If the maintenance operator changes the pos-
ture of the head unit 202 in accordance with the naviga-
tion 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 be-
comes parallel to the test object. In this state, since the
time TM coincides with the focus time TF and the time
TR coincides with the time TL, both the variables NFL
and NFD become "0".

[0040] Upon issuing an instruction to execute posture
determination in step Sa4, the control unit 111 advances
to step Sab5. In step S5, the control unit 111 acquires the
variables 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
NFDis 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 var-
iables NFL and NFD become "0", the control unit 111
terminates the processing in FIG. 3.

[0041] Asdescribed above, 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 202a parallel to the test object by
changing the posture of the head unit 202 as indicated
by the arrows whose colors are changed in the navigation
window. This therefore facilitates the operation by the
maintenance operator, reduces the load on the mainte-
nance operator, and allows the maintenance operator to
properly adjust the posture of the ultrasound probe.
[0042] As shown in FIG. 9, navigation may be per-
formed 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 meas-
ured at first or a time predetermined for each of the ul-
trasound probes 200 may be used.

[0043] Navigation may be performed to match the re-
spective times TR, TM, and TL with each other without
referring to a reference time like the focus time TF.
[0044] Navigation may be performed with reference to
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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, respectively. 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. If the signs of the differ-
ential 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 (-), nav-
igation may be performed to move the right end, middle,
and leftend of the head unit 202 away from the test object.
Although the times TR, TM, and TL measured at an ar-
bitrary time point may be set as the times TRold, TMold,
and TLold, these times may be measured at a time point
when a registration instruction is issued by the mainte-
nance operator.

[0045] The navigation window may include a photo-
graph of the head unit 202 or computer graphics image
as shown in FIG. 11. This makes it easy for the mainte-
nance operator to recognize which posture change of the
head unit 202 is indicated 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
of the 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 recognize what
posture the head unit 202 is in. Note that if a photograph
or computer graphics image is tilted in this manner, nav-
igation display with arrows can be omitted.

[0046] A navigation window may be designed to dis-
play a character message as shown in FIG. 12. Alterna-
tively, the navigation processing unit 110 may generate
sound information for outputting the above character
message in the form of sound.

[0047] As shownin FIG. 13, a navigation window may
be designed such that arrows A11 and A12 for navigation
are displayed while being superimposed on images re-
spectively indicating the waveforms of reflected ultra-
sound signals received through the channels CHR, CHM,
and CHL.

[0048] 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.
[0049] If the 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, al-
lowable 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 be-
tween the time TM and the focus time TF falls within the
allowable range, it may be determined that the time TM
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coincides with the focus time TF. If the difference be-
tween the time TR and the time TL falls within the allow-
able range, it may be determined that the time TR coin-
cides with the time TL.

[0050] 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 corre-
sponding 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, it is 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 suf-
fices if reference values are set for the times TR, TM,
and TL, respectively, to satisfy the above condition and
navigation is performed so as to match the times TR, TM,
and TL with the respective reference values.

[0051] 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.

[0052] Display operation based on a signal generated
by the display processing unit 109 may be performed by
the display unit 112d. In this case, the display processing
unit 109 is connected to the image generating unit 112b.
The image generating unit 112b generates display data
from the signal generated by the display processing unit
109. The display data is written in the memory init 112c.
[0053] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting the med-
ical diagnosing unit 112.

[0054] FIG. 15isablock diagram showingthe arrange-
ment of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe according to
the second and third embodiments.

[0055] This ultrasound diagnostic apparatus includes
a main unit 400 and ultrasound probe 200.

[0056] 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 unit408, a display processing unit409, a control
unit 410, and a medical diagnosing unit 411.

[0057] 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 con-
tact with the contacts 201a, respectively, when the con-
nector 201 is attached to the connector 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 de-
vice. A monitor device (not shown) is connected to the
connector 403 through a monitor cable (not shown).
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[0058] The transmitting unit 404 transmits excitation
signals for exciting ultrasound transducing elements
202a. The transmitting unit 404 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 405 receives
the signals received by the ultrasound transducing ele-
ments 202a. The receiving unit 405 can receive the sig-
nals received by the respective ultrasound transducing
elements 202a in parallel. The receiving unit 405 holds
reception signals sequentially received by repetitive
transmission/reception performed for each ultrasound
transducing element 202a, and adds them together. The
receiving unit 405 outputs the reception signals or a sig-
nal obtained by the above addition (to be referred to as
a composite signal hereinafter).

[0059] 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 measurement processing to the storage medium
407, interface unit 408, display processing unit 409, or
control unit 410 under the control of the control unit 410.
The storage medium 407 is, for example, a semiconduc-
tor memory. The storage medium 407 stores various
kinds of information such as the above measurement in-
formation. The interface unit 408 performs communica-
tion processing conforming to, for example, the USB
standard to realize communication with the external de-
vice connected to the connector 402. The display
processing unit 409 generates an image signal for caus-
ing the monitor device connected to the connector 403
to display an image on the basis of the above measure-
ment information, information supplied from the control
unit 410, and the like.

[0060] The control unit 410 comprises, for example, a
microprocessor. The control unit 410 systematically con-
trols 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/reception of ultrasound waves.
The control unit410 has a function of controlling the trans-
mitting unit 404 to transmit ultrasound signals to the ul-
trasound 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 infor-
mation obtained by the measuring unit 406, e.g., the fea-
ture value of the composite signal.

[0061] The medical diagnosing unit 411 also includes
animaging controlunit411a, image generatingunit411b,
memory unit 411c, and display unit 411d. The imaging
control unit 411a controls the transmitting unit 404, re-
ceiving unit 405, and image generating unit 411b so as
to perform proper imaging processing in accordance with
diagnosis contents or the like. The image generating unit
411b generates display data for displaying an image for
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medical diagnosis on the basis of the signals output from
the receiving unit405. The image represented by display
data includes, for example, a reconstructed image such
as atomographicimage or three-dimensional image con-
cerning 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.

[0062] The above arrangement is common to the sec-
ond and third embodiments. The second and third em-
bodiments differ in the contents of processing performed
by the control unit 410 as will be described below con-
cerning the following operation.

[0063] When medical diagnosis on a subject to be ex-
amined is to be performed by using an ultrasound probe
200, information useful for medical diagnosis can be pre-
sented by activating a medical diagnosing unit 411 in the
same manner as a known ultrasound diagnostic appa-
ratus.

[0064] Indiagnosingthe ultrasound probe 200, a main-
tenance 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 dis-
tance between the ultrasound 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.
[0065] Ifitis required to diagnose the ultrasound probe
200, a control unit 410 reads in the identification infor-
mation output from an identification information output
unit 204. The control unit 410 then acquires focus infor-
mation concerning 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 deter-
mined on the basis of the above identification information.
The identification information is information for specifying
each ultrasound probe 200, and does not generally in-
clude information indicating a model. The control unit410
determines the model of the ultrasound probe 200 by
referring to a database in which pieces of model infor-
mation are written in correspondence with various kinds
of identification information. The database may be ac-
quired in advance from the external device connected to
a connector 402 or stored in advance in a storage medi-
um407. Alternatively, information indicating a model may
be contained in identification information, and the control
unit 410 may directly determine the model of the ultra-
sound probe 200 from this information. Focus information
is information concerning the focus of the 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 identification information.
[0066] The control unit410 determines a repetition pe-
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riod Tf 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 transmitting an ultrasound signal from the ultra-
sound probe 200 and receiving the ultrasound signal re-
flected by the test object as Ta = 2F/C where C is the
propagation velocity of an ultrasound 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 ultrasound signal
which has reached the ultrasound probe 200 to disap-
pear.

[0067] 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 202a
and a signal line 203a. The receiving unit 405 holds this
reception signal for each period. Upon receiving signals
throughout n periods (n is an arbitrary integer), the re-
ceiving unit 405 adds the reception signals correspond-
ing 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 ob-
tained by addition to a measuring unit 406. The measur-
ing unit 406 then measures the feature value of the com-
posite signal and generates measurement information
indicating the feature value.

[0068] The control unit 410 diagnoses the ultrasound
probe 200 on the basis of the above measurement infor-
mation. The control unit 410 diagnoses whether, for ex-
ample, the ultrasound probe 200 is normal. However, an
item concerning the ultrasound probe 200 which is to be
diagnosed may be arbitrary.

[0069] The repetition period Tf is determined in con-
sideration of the focal length of the ultrasound probe 200
as described above. For this reason, when the ultrasound
probe 200 with 2F/C = Ta1 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 Tf1 and Tf2 are set, respectively, as shown in
FIGS. 16A and 16B. In this case, since Ta2 < Ta1, Tf1
< Tf2. Each of the repetition periods Tf1 and Tf2 is set
by adding a time Ts and time Td to a time Ta1 or Time
Ta2, an ultrasound signal is transmitted immediately after
the disappearance of the reflected ultrasound signal in
either case.

[0070] 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 correspond-
ing to the n periods. As a consequence, the ultrasound
probe 200 can be efficiently and quickly diagnosed.
[0071] Conditions for diagnosis of an ultrasound probe
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200 are set in the same manner as described in the sec-
ond embodiment. A control unit410 operates in the same
manner as in the second embodiment up to the acquisi-
tion of focus information.

[0072] The control unit 410 determines repetition pe-
riods Tf1, Tf2, Tf3, ..., Tfn 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 ultra-
sound signal reflected by a test object as Ta = 2F/C. The
control unit 410 obtains a reference value Tf of the rep-
etition period as Tf = ts + Ta + td. The control unit 410
obtains a repetition period Tfi (i=1, 2, 3, ..., n) as Tfi =
Tf+j X (i - 1) where j is a constant. That is, the repetition
period Tf1is setto the reference value Tf, and Tf2, Tf3, ...,
Tfn are sequentially incremented by the constant j at a
time.

[0073] 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, Tf1, Tf2, Tf3, ...,
Tfn 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 Tf1, and the second repe-
tition 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.

[0074] A receiving unit 405 receives a reflected ultra-
sound signal in a reception interval. The receiving unit
405 then obtains a composite signal by adding reception
signals corresponding to n periods in the same manner.
[0075] Since the ultrasound probe 200 and test object
are maintained in the state described above, a reflected
ultrasound 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 gen-
erated, the multiplex reflected signal reaches the ultra-
sound probe 200 at a point of time when an almost time
(N)Ta has elapsed since the transmission of the ultra-
sound signal in each period. If the time (N)Ta is larger
than Tfi, the multiplex reflected signal reaches the ultra-
sound probe 200 in the subsequent period. In this case,
a time Tbi between the start timing of the period in which
the multiplex reflected signal is received and the recep-
tion 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 - Tr1. A
time Tb2 associated with a multiplex reflected signal MF2
of the ultrasound signal transmitted in the second period
is given by (N)Ta - Tr2. Since times Tr1, Tr2, Tr3, ..., Trn
sequentially change, the times Tb1, Tb2, Tb3, ..., Tbn
also sequentially change. Therefore, the timing at which
a multiplex reflected signal is received within one period
changes for each period.
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[0076] When reception signals in the respective n pe-
riods are added together with reference to the transmis-
sion start timings of ultrasound signals in the respective
periods, since the reflected signals are supposed to ap-
pear at the same timing, they are added together. As a
consequence the level of the resultant signal increases
by almost n times. However, multiplexed reflected signals
appear discretely and hence are hardly added. As a re-
sult, the original reflected ultrasound signal components
of the composite signal become sufficiently larger than
the multiplex reflected signal components, as shown in
FIG. 18.

[0077] As described above, the reflected ultrasound
signal component of a composite signal can be easily
discriminated from the multiplex reflected signal compo-
nents. Therefore, proper diagnosis can be performed,
while the influences of multiplex reflected signals are re-
duced, by diagnosing the ultrasound probe 200 with at-
tention being paid only to the feature amount of a com-
posite signal associated with reflected ultrasound signal
components.

[0078] For this reason, suppressing the repetition pe-
riods Tf1, Tf2, Tf3, ..., Tfn to necessary minimum values
makes it possible to efficiently and quickly perform diag-
nosis.

[0079] A value input by the maintenance operator can
be acquired as a focal length.

[0080] On the assumption 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, arepetition period is determined with the focal length
being regarded as the distance. However, the above dis-
tance 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 pe-
riod should be determined on the basis of the distance.
If, for example, adistance s set for each ultrasound probe
200 or each type of ultrasound probe, a necessary dis-
tance may be acquired from a database or the like. Al-
ternatively, a distance input by the maintenance operator
can be acquired.

[0081] 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.
[0082] The minimum value of a repetition period may
be set regardless of the focal length.

[0083] A repetition period can be changed in an arbi-
trary manner. For example, an increase in repetition pe-
riod may be varied. Alternatively, a repetition period may
be sequentially decreased or may be repeatedly in-
creased and decreased.

[0084] 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.

[0085] Display operation based on a signal generated
by a display processing unit 409 may be performed by a
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display unit 411d. In this case, the display processing
unit 409 is connected to the image generating unit 411b.
The image generating unit 411b generates display data
from the signal generated by the display processing unit
409. The display data is written in the memory init 411c.
[0086] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting a medical
diagnosing unit 411.

[0087] FIG. 19isablock diagram showingthe arrange-
ment of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe.

[0088] This ultrasound diagnostic apparatus includes
a main unit 500 and ultrasound probe 600.

[0089] 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 volt-
age generating unit 510, resistors 511-1 to 511-n, first
switches 512-1 to 512-n, second switches 513-1 and
513-2, a control unit 514, and a medical diagnosing unit
515.

[0090] 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 con-
nector 502 through a communication cable (not shown)
suchas a USB cable. This external device is, forexample,
a printer, network, personal computer, keyboard, and
pointing device. A monitor device (not shown) is connect-
ed to the connector 503 through a monitor cable (not
shown).

[0091] The transmitting unit 504 transmits excitation
signals for exciting the ultrasound transducing elements
provided for the ultrasound probe 600. The transmitting
unit 504 can transmit excitation signals corresponding to
many channels (n channels) in parallel. The receiving
unit 505 receives signals output from the above ultra-
sound probe. The receiving unit 505 can receive n-chan-
nel signals in parallel. The receiving unit 505 outputs the
received signals. The receiving unit 505 also has a func-
tion of detecting the voltages of signal lines which are
provided for the ultrasound probe 600 to transmit n-chan-
nel signals. The receiving unit 505 outputs detected volt-
age V(CH) corresponding to the respective channels to
the control unit 514.

[0092] The measuring unit 506 performs predeter-
mined measurement processing on the basis of the re-
ception signals output from the receiving unit 505. The
measuring unit 506 outputs the measurement informa-
tion obtained by the above measurement processing to
the storage medium 507, interface unit 508, display
processing unit 509, and control unit 514 under the con-
trol of the control unit 514. The storage medium 507 is,
for example, a semiconductor memory. The storage me-
dium 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.
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The display processing unit 509 generates an image sig-
nal for causing the monitor device connected to the con-
nector 503 to display an image on the basis of the above
measurement information, information supplied from the
control unit 514, and the like.

[0093] The voltage generating unit 510 generates volt-
ages Vsup1, =Vsup2, and =Vsup3 under the control of
the control unit 514. The voltage generating unit 510 can
outputs the voltages Vsup1 corresponding to the n chan-
nels in parallel. The voltage generating unit 510 can out-
put the voltages +Vsup2, -Vsup2, +Vsup3, and -Vsup3,
respectively, in parallel. The voltages Vsup1 are respec-
tively applied to the B terminals of the first switches 512-1
to 512-n. 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-n 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 ap-
plied 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 connec-
tor 501 under the control of the control unit 514.

[0094] The control unit 514 comprises, for example, a
microprocessor. The control unit 514 systematically con-
trols the respective units of the main unit 500 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 receiv-
ing unit 505. The control unit 514 further has a function
of acquiring the identification information of the ultra-
sound probe connected to the connector 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 accord-
ance with the identified type.

[0095] The medical diagnosing unit 515 further in-
cludes an imaging control unit 515a, image generating
unit 515b, memory unit 515¢, and display unit 515d. The
imaging control unit 515a controls the transmitting unit
504, receiving unit 505, and image generating unit 515b
to perform appropriate imaging processing in accord-
ance with diagnosis contents or the like. The image gen-
erating unit 515b generates display data for displaying
animage for medical diagnosis on the basis of the signals
output from the receiving unit 505. The image represent-
ed by display data includes, for example, a reconstructed
image such as a tomographic image or three-dimension-
al 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 515c stores the above display
data. The display unit 515d performs display operation
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based on the display data.

[0096] The operation of the ultrasound diagnostic ap-
paratus having the above arrangement will be described
next.

[0097] When medical diagnosis on a subject to be ex-
amined is performed by using the ultrasound probe 600,
activating the medical diagnosing unit 515 makes it pos-
sible to present information useful for medical diagnosis
as in a known ultrasound diagnostic apparatus.

[0098] In diagnosing ultrasound probes 600, the ultra-
sound 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.

[0099] 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.

[0100] The ultrasound probe 600-1 includes a connec-
tor 601, head unit 602, cable unit 603, and identification
information output unit 604.

[0101] The connector 601 is attached to the connector
501. The head unit 602 is formed by arraying n ultrasound
transducing elements 602a at the maximum one-dimen-
sionally or two-dimensionally. Each of the ultrasound
transducing elements 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-n.

[0102] The identification information output unit 604
outputs identification information assigned to the ultra-
sound probe 600-1. The connectors 501 and 601 supply
the identification information output from the identifica-
tion information output unit 604 to the control unit 514.
[0103] FIG. 21 is a view showing how the ultrasound
probe 600-2 is connected to the connector 501 shown in
FIG. 19. Note that in FIG. 21, an illustration of some of
the constituent elements of the main unit 500 shown in
FIG. 19 is omitted.

[0104] The ultrasound probe 600-2 includes a connec-
tor 611, head unit 612, electronic circuit 613, cable unit
614, and identification information output unit 615.
[0105] The connector 611 is attached to the connector
501. The head unit612is formed by arraying n ultrasound
transducing elements 612a at the maximum one-dimen-
sionally or two-dimensionally. Each of the ultrasound
transducing elements 612ais 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-n.
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[0106] The identification information output unit 615
outputs identification information assigned to the ultra-
sound probe 600-2. The connector 501 and 611 supply
the identification information output from the identifica-
tion information output unit 615 to the control unit 514.
[0107] The electronic circuit 613 has a function of ap-
plying bias voltages to the signallines 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 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 recep-
tion of the voltage +Vsup3, the electronic circuit 613 out-
puts 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.

[0108] 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.
[0109] In step Sc1, the control unit 514 reads in the
identification information output from the identification in-
formation output unit 604 or identification information out-
put 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 ultra-
sound 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 identifi-
cation information. The database may be acquired in ad-
vance from the external device connected to the connec-
tor 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 infor-
mation.

[0110] 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-n to select the B-terminal sides, as shown in FIG.
20. Note that the first switches 512-1 to 512-n normally
select the A-terminal sides. Therefore, the application of
the voltage Vsup1 to each signal line 603a is started.
[0111] The voltage of the signal line 603a does not
immediately reach the voltage Vsup1 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
603a at time t when the signal line 603a is short-circuited
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becomes V1 lower than V, and the voltage of the signal
line 603a at time t when the signal line 603a is in the open
state becomes V2 higher than V.

[0112] In step Sc4, 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
603aattimet,i.e., a voltage V(CH) of each channel, from
the receiving unit 505 in step Scb. In step Sc6, the control
unit 514 determines that any channel whose voltage V
(CH) is higher than the value obtained by adding an al-
lowable error € to the voltage V is in the open state. In
step Sc7, the control unit 514 determines that any chan-
nel 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 deter-
mines that other channels, i.e., channels whose voltages
V(CH) fall within the range of V+e¢, are normal.

[0113] Note thatthe 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, there-
fore, values to be used as time t, the voltage V, and the
allowable 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 identification information read by the
control unit 514 in step Sc1 and are used, the detection
precision can be improved. In this case, the voltage gen-
erating unit 510 changes the voltage Vsup1 to be gen-
erated 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.
[0114] If the probe type is 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-n 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 Sc1.

[0115] 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-n 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.
[0116] 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 volt-
age sufficient for detection to the signal line 614a. There-
fore, the voltage +Vsup2 is applied to the electronic cir-
cuit 613 through the second switches 513-1 and 513-2.
[0117] In step Sc11, the control unit 514 acquires the
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voltage of each signal line 6144, 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.

[0118] Note that the values of the voltage =Vsup2,
voltage =Vsup3, and threshold Vth suitable for the above
determination vary depending on the type of ultrasound
probe. If, therefore, 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 database on the basis of the
identification information read by the control unit 514 in
step Sc1 and are used, the detection precision can be
improved.

[0119] Asdescribed above, accordingto the fourthem-
bodiment, if abnormality has occurred in the signal lines
603a and 614a 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 malfunction of the ultrasound probes
600-1 and 600-2 resides in an ultrasound transducing
element failure or a cable or connector failure.

[0120] Itis disclosed 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 the sig-
nal line, and selectively uses the two means depending
on whether the diagnosis target connected to the con-
nector 501 is the ultrasound probe 600-1 or the ultra-
sound probe 600-2 of the second or third type. In addition,
the voltage =Vsup2 and voltage =Vsup3 can be selec-
tively applied to the electronic circuit 613, and the voltage
to be applied to the electronic circuit 613 is switched de-
pending on whether the ultrasound probe 600-2 connect-
ed 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.

[0121] The probe type of the ultrasound probe 600 con-
nected to the connector 501 is determined on the basis
of the identification information of the ultrasound probe,
and diagnosing operations are automatically switched in
accordance with this determination. This makes it unnec-
essary 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.
[0122] The ultrasound probe 600-1 may be diagnosed
on the basis of the time required for the voltage of the
signal line 603a to reach the voltage V.

[0123] The ultrasound probe 600-1 may be diagnosed
to only determine whether the probe is normal.

[0124] 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.
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This makes it possible to reduce the circuit sizes of the
transmitting unit 504 and receiving unit 505. In addition,
the voltage Vsup1 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.

[0125] The applied state of the voltage Vsup1 can be
changed in an arbitrary manner. For example, the voltage
Vsup1 may be a negative voltage. The level of the already
applied voltage Vsup1 may be raised or lowered. When
the level of the voltage Vsup1 is to be changed, the po-
larity of the voltage Vsup1 may be kept unchanged or
inversed.

[0126] Display operation based on a signal generated
by the display processing unit 509 may be performed by
the display unit 515d. In this case, the display processing
unit 509 is connected to the image generating unit 515b.
The image generating unit 515b generates display data
from the signal generated by the display processing unit
509. The display data is written in the memory init 515c.
[0127] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting the med-
ical diagnosing unit 515.

[0128] . FIG. 24 is a block diagram showing the basic
arrangement of an ultrasound diagnostic apparatus hav-
ing a function of diagnosing an ultrasound probe.
[0129] This ultrasound diagnostic apparatus includes
a main unit 700 and ultrasound probe 200.

[0130] 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 de-
termining unit 710, a control unit 711, and a medical di-
agnosing unit 712.

[0131] A connector 201 provided in the ultrasound
probe 200 is attached to the connector 701. The connec-
tor 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
201a, respectively, when the connector 201 is attached
to the connector 701. An external device (not shown) is
connected to the connector 702 through a communica-
tion cable (not shown) such as a USB cable. This external
device is, for example, a printer, network, personal com-
puter, keyboard, and pointing device. A monitor device
(not shown) is connected to the connector 703 through
a monitor cable (not shown).

[0132] The transmitting unit 704 transmits excitation
signals for exciting ultrasound transducing elements
202a. The transmitting unit 704 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 705 receives
the signals received by the ultrasound transducing ele-
ments 202a. The receiving unit 705 can receive the sig-
nals received by the ultrasound transducing elements
202a in parallel. The receiving unit 705 outputs the re-
ceived signals.

[0133] The measuring unit 706 measures the feature
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values of the signals output from the receiving unit 705.
The measuring unit 706 outputs the measurement infor-
mation 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 infor-
mation 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 gener-
ates an image signal for causing the monitor device con-
nected to the connector 703 to display an image on the
basis of the above measurementinformation, information
supplied from the control unit 711, and the like.

[0134] The determining 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 deter-
mining unit 710 supplies the determination result to the
control unit 711.

[0135] The control unit 711 comprises, for example, a
microprocessor. The control unit 711 systematically con-
trols 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 de-
termining unit 710.

[0136] The medical diagnosing unit 712 also includes
animaging control unit 712a, image generating unit 712b,
memory unit 712c, and display unit 712d. The imaging
control unit 712a controls the transmitting unit 704, re-
ceiving unit 705, and image generating unit 712b so as
to perform proper imaging processing in accordance with
diagnosis contents or the like. The image generating unit
712b generates 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 atomographicimage or three-dimensional image con-
cerning 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 712c stores the above display data. The display unit
712d performs display operation based on the display
data.

[0137] The above arrangement is the basic arrange-
ment of the ultrasound diagnostic apparatus.

[0138] FIG. 25 s a block diagram showing the charac-
teristic 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.
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[0139] As shown in FIG. 25, a measuring unit 706 in-
cludes a buffer memory 706a, amplitude analyzing unit
706b, center frequency analyzing unit 706¢, and band-
width analyzing unit 706d.

[0140] 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 amplitude analyzing unit 706b analyzes the dig-
ital signal stored in the buffer memory 706a, and meas-
ures the amplitude value and amplitude variation degree
of the digital signal. The center frequency analyzing unit
706c analyzes the digital signal stored in the buffer mem-
ory 706a, and measures the center frequency value and
frequency variation degree of the digital signal. The band-
width 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.

[0141] A determining unit 710 includes a V level deter-
mining unit 710a, Fo level determining unit 710b, BW
level determining unit 710c, V variation determining unit
710d, 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.

[0142] The V level determining unit 710a performs
quality determination on the basis of the amplitude value
measured by the amplitude analyzing unit 706b and the
level reference data for amplitude output from the refer-
ence database 707a. The Fo level determining unit 710b
performs quality determination on the basis of the center
frequency value measured by the center frequency an-
alyzing unit 706¢ and the level reference data for center
frequency output from the reference database 707a. The
BW level determining unit 710c performs quality deter-
mination on the basis of the bandwidth value measured
by the bandwidth analyzing unit 706d and the level ref-
erence data for bandwidth output from the reference da-
tabase 707a.

[0143] TheV variation determining unit 710d performs
quality determination on the basis of the amplitude vari-
ation degree measured by the amplitude analyzing unit
706b and the variation reference data for amplitude out-
put from the reference database 707a. The Fo variation
determining unit 710e performs quality determination on
the basis of the center frequency variation degree meas-
ured by the center frequency analyzing unit 706¢c and the
variation reference data for center frequency output from
the reference database 707a. The BW variation deter-
mining unit 710f performs quality determination on the
basis of the bandwidth variation degree measured by the
bandwidth analyzing unit 706d and the variation refer-
ence data for bandwidth output from the reference data-
base 707a.

[0144] The comprehensive determining unit 710g
comprehensively determines, on the basis of the quality
determination results obtained by the V level determining
unit 710a, Fo level determining unit 710b, BW level de-
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termining unit 710c, V variation determining unit 710d,
Fo variation determining unit 710e, and BW variation de-
termining unit 710f, whether the ultrasound probe 200 is
normal.

[0145] FIG. 26 is a view showing the arrangement of
the reference database 707a.

[0146] The reference database 707a includes a plu-
rality of probe-specific reference databases (probe-spe-
cific reference DBs) 771. In the probe-specific reference
databases 771, reference data determined in consider-
ation of the characteristics of different types of ultrasound
probes are written respectively. Each probe-specific ref-
erence database 771 includes a V reference database
(V reference DB) 771a, Fo reference database (Fo ref-
erence DB) 771b, and BW reference database (BW ref-
erence DB) 771c.

[0147] As shown in FIG. 26, in the V reference data-
base 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 corresponding channel are written in cor-
respondence with the corresponding channel. In the Fo
reference database 771b, as shown in FIG. 26, level ref-
erence data for center frequency and variation reference
data for quality determination concerning the corre-
sponding channel are written. In the BW reference data-
base 771c, as shown in FIG. 26, level reference data for
bandwidth and variation reference data for quality deter-
mination concerning the corresponding channel are writ-
ten.

[0148] The operation of the ultrasound diagnostic ap-
paratus according having the above arrangement will be
described next.

[0149] When medical diagnosis on a subject to be ex-
amined is performed by using the ultrasound probe 200,
activating the medical diagnosing unit 712 makes it pos-
sible to present information useful for medical diagnosis
as in a known ultrasound diagnostic apparatus.

[0150] Indiagnosingthe ultrasound probe 200, a main-
tenance 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.

[0151] Ifitis required to diagnose the ultrasound probe
200, the control unit 711 causes the transmitting unit 704
to sequentially excite the ultrasound transducing ele-
ments 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 ultrasound signals in the respective chan-
nels are sequentially stored in the buffer memory 706a.
The control unit 711 causes the amplitude analyzing unit
706b to measure the amplitude values and amplitude
variation degrees of the reflected ultrasound signals,
causes the center frequency analyzing unit 706¢ to
measure the center frequency values and center fre-
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quency variation degrees of the reflected ultrasound sig-
nals, and causes the bandwidth analyzing unit 706d to
measure the bandwidth values and bandwidth variation
degrees of the reflected ultrasound signals.

[0152] FIG. 27A is a graph showing an example of a
change in the amplitude of a reflected ultrasound signal.
The amplitude analyzing unit 706b sets the value of (V
+ max) + |(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 706b sets the difference or
ratio between the measured amplitude value and prede-
termined specified value as an amplitude variation de-
gree.

[0153] FIG. 27B is a graph showing an example of a
frequency spectrum of a reflected ultrasound signal. The
center frequency analyzing unit 706c¢ sets (FL + FH)/2 in
FIG. 27B as a center frequency value. The center fre-
quency 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 analyzing unit 706d sets
(FH - FL) in FIG. 27B as a bandwidth value. The band-
width analyzing unit 706d sets the difference or ratio be-
tween the bandwidth value and the predetermined spec-
ified value as a bandwidth variation degree.

[0154] 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 710a, Fo
level determining unit 710b, BW level determining unit
710c, V variation determining unit 710d, Fo variation de-
termining 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 frequency var-
iation degree, and bandwidth variation degree are meas-
ured for each channel. Note that the control unit 711 de-
termines the type of ultrasound probe 200 on the basis
of the identification information output from an identifica-
tion information output unit 204, and outputs each refer-
ence data from the probe-specific reference database
771 corresponding to the type of ultrasound probe 200.
[0155] Note that identification information is informa-
tion which specifies each ultrasound probe 200 but does
not generally 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 identification 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 identification information,
and the control unit 711 may directly determine the model
of the ultrasound probe 200 from this information.

EP 1 787 587 B1

10

15

20

25

30

35

40

45

50

55

15

28

[0156] The V level determining unit 710a, Fo level de-
termining unit 710b, and BW level determining unit 710c
determine the quality of each channel depending on
whetherthe amplitude value, centerfrequency value, and
bandwidth value fall within the reference ranges indicated
by the level reference data for amplitude, center frequen-
¢y, and bandwidth, respectively. Each of the V level de-
termining unit 710a, Fo level determining unit 710b, and
BW level determining unit 710c output "PASS" as a de-
termination 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 thresholds, the V level
determining unit 710a, Fo level determining unit 710b,
and BW level determining unit 710c 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
determination by checking whether the respective values
fall within the allowable ranges.

[0157] The V variation determining unit 710d, Fo var-
iation determining unit 710e, and BW variation determin-
ing unit 710f determines the quality of each channel de-
pending on whether the amplitude variation degree, cent-
er frequency variation degree, and bandwidth variation
degree fall within the ranges indicated by the variation
reference data for amplitude, center frequency, and
bandwidth, respectively. Each of the V variation deter-
mining unit 710d, Fo variation determining unit 710e, and
BW variation determining unit 710f outputs "PASS" as a
determination result when each value falls within the cor-
responding reference range, and outputs "FAIL" when
each value falls outside the corresponding reference
range. Note that variation reference data for amplitude,
center frequency, and bandwidth may indicate thresh-
olds or allowable ranges. If the variation reference data
indicate thresholds, the V variation determining unit
710d, Fo variation determining unit 710e, and BW vari-
ation determining unit 710f perform the above quality de-
termination by comparing the thresholds with the respec-
tive variation degrees. If the variation reference data in-
dicate allowable ranges, these units perform the above
quality determination by checking whether the respective
variation degrees fall within the allowable ranges.
[0158] The comprehensive determining unit 710g fi-
nally determines the quality of each channel on the basis
of the respective determination results obtained by the
V level determining unit 710a, Fo level determining unit
710b, BW level determining unit 710c, V variation deter-
mining unit 710d, Fo variation determining unit 710e, and
BW variation determining unit 710f with respect to the
same channel. The comprehensive determining unit
710g further determines the quality of the ultrasound
probe 200 on the basis of quality determination results
with respect to all the channels. The comprehensive de-
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termining unit 710g notifies the control unit 711 of the
quality determination result concerning each channel
and the quality determination result concerning the ultra-
sound probe 200.

[0159] The control unit 711 generates a display image
indicating the quality determination result concerning
each channel and the quality determination result con-
cerning the ultrasound probe 200. A signal for causing
the monitor device to display the display image is gen-
erated 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 generate 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.

[0160] As described above, the quality of the ultra-
sound probe 200, i.e., whether the ultrasound probe 200
is normal, is automatically determined. For quality deter-
mination, reference ranges corresponding to the types
of ultrasound probes 200 are used. The above determi-
nation 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 ultra-
sound probe 200 by checking the determination result.
[0161] In addition, quality determination is performed
for each channel, and an individual reference range is
used for this quality determination. This makes it possible
to perform more appropriate determination considering
also differences in characteristics between channels.
[0162] Furthermore, since an amplitude value, center
frequency value, and bandwidth value are used as fea-
ture values, appropriate determination can be performed
by quality determination considering the characteristics
of reflected ultrasound signals in many aspects.

[0163] Moreover, quality determination is performed
considering not only the feature value of a reflected ul-
trasound signal but also the variation degree of the fea-
ture value. This makes it possible to determine, as ab-
normal, a state wherein although each feature value falls
within a corresponding reference range, variationsin fea-
ture value are large.

[0164] FIG. 28 is a block diagram showing the charac-
teristic arrangement of a main unit 700. The same refer-
ence numerals as in FIGS. 24 and 25 denote the same
parts in FIG. 28, and a detailed description thereof will
be omitted.

[0165] As shown in FIG. 28, a determining unit 710
includes a V level determining unit 710a, Fo level deter-
mining unit 710b, BW level determining unit 710c, V var-
iation determining unit 710d, Fo variation determining
unit 710e, BW variation determining unit 710f, and
weighted determining unit 710h. A storage medium 707
is provided with a determination weight database (deter-
mination weight DB) 707b in addition to a reference da-
tabase 707a.

[0166] Like the comprehensive determining unit 710g,
the weighted determining unit 710h comprehensively de-
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termines, on the basis of the quality determination results
obtained by the V level determining unit 710a, Fo level
determining unit 710b, BW level determining unit 710c,
V variation determining unit 710d, Fo variation determin-
ing unit 710e, and BW variation determining unit 710f,
whether an ultrasound probe 200 is normal. Note, how-
ever, that the weighted determining unit 710h weights
each determination result on the basis of the weighting
data stored in the determination weight database 707b.
The weighted determining unit 710h then performs the
above comprehensive determination on the basis of each
weighted determination result.

[0167] In the determination weight database 707b,
weighting data indicating a weighting method for each
determination result is written in correspondence with
each type of ultrasound probe 200.

[0168] In the main unit 700 having the above arrange-
ment, weighting data corresponding to the type of ultra-
sound probe 200 is sent from the determination weight
database 707b to the weighted determining unit 710h
under the control of a control unit 711. The weighted de-
termining unit 710h weights the quality determination re-
sults obtained by the V level determining unit 710a, Fo
level determining unit 710b, BW level determining unit
710c, V variation determining unit 710d, Fo variation de-
termining unit 710e, and BW variation determining unit
710f on 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 710h determines the quality
of the ultrasound probe 200 on the basis of the quality
determination results concerning all the channels. The
weighted determining unit 710h notifies the control unit
711 of the quality determination result concerning each
channel and the quality determination result concerning
the ultrasound probe 200.

[0169] The same effects as those of the fifth embodi-
ment can be achieved. In addition, when the influences
of an amplitude value, center frequency value, bandwidth
value, amplitude variation degree, center frequency var-
iation degree, and bandwidth variation degree on the per-
formance of the ultrasound probes 200 vary in degree
depending on the types of ultrasound probes 200, more
appropriate quality determination can be performed in
consideration of this.

[0170] FIG. 29 s a block diagram showing the charac-
teristic 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.

[0171] As shown in FIG. 29, a determining unit 710
includes weighting units 710i, 710j, 710k, 710m, 710n,
and 710p in addition to a V level determining unit 710a,
Fo level determining unit 710b, BW level determining unit



31 EP 1 787 587 B1 32

710c, V variation determining unit 710d, Fo variation de-
termining unit 710e, BW variation determining unit 710f,
and weighted determining unit 710h. The storage medi-
um 707 is provided with a reference database 707c¢ in
addition to a determination weight database 707b.
[0172] The determination results obtained by the V lev-
el determining unit 710a, Fo level determining unit 710b,
BW level determining unit 710c, V variation determining
unit 710d, Fo variation determining unit 710e, and BW
variation determining unit 710f are input to the weighting
units 710i, 710j, 710k, 710m, 710n, and 710p, respec-
tively. The weighting units 710i, 710j, 710k, 710m, 710n,
and 710p weight the above input determination results
on the basis of the weighting data stored in the reference
database 707c. The respective determination results
weighted by the weighting units 710i, 710j, 710k, 710m,
710n, and 710p are input to the weighted determining
unit 710h.

[0173] FIG. 30 is a view showing the arrangement of
the reference database 707c. The same reference nu-
merals as in FIG. 26 denote the same parts in FIG. 30,
and a detailed description thereof will be omitted.
[0174] The reference database 707c includes a plural-
ity of probe-specific reference databases 772. In the
probe-specific reference databases 772, reference data
and weighting data which are set in consideration of the
characteristics of different types of ultrasound probes are
written. Each probe-specific reference database 772 in-
cludes a weighted database (weighted DB) 772a in ad-
dition to a V reference database 771a, Fo reference da-
tabase 771b, and BW reference database 771c.

[0175] As shownin FIG. 30, in the weighted database
772a, weighting data concerning each channel is written
in correspondence with each channel of the ultrasound
probe 200. Weighting data indicates a weighting method
set in consideration of differences in characteristics be-
tween channels.

[0176] Inthe main unit 700 having the above arrange-
ment, weighting data are sent from the reference data-
base 707c¢ to the weighting units 710i, 710j, 710k, 710m,
710n, and 710p under the control of a control unit 711.
Note that the control unit 711 sends weighting data cor-
responding to each channel from the reference database
707c to the weighting units 710i, 710j, 710k, 710m, 710n,
and 710p in accordance with the timing at which deter-
mination results concerning each channel are output
from the V level determining unit 710a, Fo level deter-
mining unit 710b, BW level determining unit 710c, V var-
iation determining unit 710d, Fo variation determining
unit 710e, and BW variation determining unit 710f. The
control unit 711 causes the probe-specific reference da-
tabases 772 to output weighting data in accordance with
the types of ultrasound probes 200.

[0177] The weighting units 710i, 710j, 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
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result weighted in this manner is input to the weighted
determining unit 710h.

[0178] In addition, since the determination results
based on amplitude values, center frequency values,
bandwidth values, amplitude variation degrees, center
frequency variation degrees, and bandwidth variation de-
grees are weighted for each channel, more appropriate
quality determination can be performed in consideration
of differences in characteristics between channels.
[0179] FIG. 31 is a block diagram showing the charac-
teristic arrangement of a main unit 700.

[0180] 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.

[0181] As shown in FIG. 31, a determining unit 710
includes a V level degradation determining unit 710q, Fo
level degradation determining unit 710r, BW level deg-
radation determining unit 710s, V variation degradation
determining unit 710v, Fo variation degradation deter-
mining unit 710w, BW variation degradation determining
unit 710x, and comprehensive determining unit 710y. A
storage medium 707 is provided with a reference data-
base 707d and past acquired data database (past ac-
quired data DB) 707e.

[0182] The V level degradation determining unit 710q
obtains a degradation degree of an amplitude value (to
be referred to as an amplitude degradation degree here-
inafter) on the basis of the amplitude value newly meas-
ured by an amplitude analyzing unit 706b and the past
measured amplitude value output from the past acquired
data database 707e. The V level degradation determin-
ing unit 710q performs quality determination on the basis
of the obtained amplitude degradation degree and the
level degradation degree reference data for amplitude
output from the reference database 707d. The Fo level
degradation determining unit 710r obtains a degradation
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¢c and the past
measured center frequency value output from the past
acquired data database 707e. The Fo level degradation
determining unit 710r 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 bandwidth value (to
be referred to as a bandwidth degradation degree here-
inafter) on the basis of the bandwidth value newly meas-
ured by a bandwidth analyzing unit 706d and the past
measured bandwidth value output from the past acquired
data database 707e. The BW level degradation deter-
mining unit 710s performs quality determination on the
basis of the obtained bandwidth degradation degree and
the level degradation degree reference data for band-
width output from the reference database 707d.

[0183] The V variation degradation determining unit
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710v obtains a degradation degree of an amplitude var-
iation (to be referred to as an amplitude variation degra-
dation degree hereinafter) on the basis of the amplitude
variation degree newly measured by the amplitude ana-
lyzing unit 706b and the past measured amplitude vari-
ation degree output from the past acquired data database
707e. The V variation degradation determining unit 710v
performs quality determination on the basis of the ob-
tained amplitude variation degradation degree and the
variation degradation degree reference data for ampli-
tude output from the reference database 707d. The Fo
variation 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 measured by the center frequen-
cy analyzing unit 706c and the past measured center
frequency variation degree output from the past acquired
data database 707e. The Fo variation degradation de-
termining unit 710w performs quality determination on
the basis of the obtained center frequency variation deg-
radation degree and the variation degradation degree
reference data for center frequency output from the ref-
erence database 707d. The BW variation degradation
determining unit 710x obtains a degradation degree of a
bandwidth variation (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 706d and the past measured
bandwidth variation degree output from the past acquired
data database 707e. The BW variation degradation de-
termining unit 710x performs quality determination on the
basis of the obtained bandwidth variation degradation
degree and the variation degradation degree reference
data for bandwidth output from the reference database
707d.

[0184] The comprehensive determining unit 710y
comprehensively determines, on the basis of the quality
determination results obtained by the V level degradation
determining unit 710q, Fo level degradation determining
unit 710r, BW level degradation determining unit 710s,
V variation degradation determining unit 710v, Fo varia-
tion degradation determining unit 710w, and BW variation
degradation determining unit 710x, whether the ultra-
sound probe 200 is normal.

[0185] The reference database 707d has an arrange-
ment similar to that of the reference database 707a. In
the reference database 707d, however, level degrada-
tion degree reference data are written instead of level
reference data, and variation degradation degree refer-
ence data are written instead of variation reference data.
[0186] In the past acquired data database 707e, the
amplitude 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
706b, center frequency analyzing unit 706c, and band-
width analyzing unit 706d are written as past measured
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amplitude values, past measured amplitude variation de-
grees, past measured center frequency values, past
measured center frequency variation degrees, past
measured bandwidth values, and past measured band-
width variation degrees, respectively.

[0187] Inthe main unit 700 having the above arrange-
ment, an amplitude value degradation degree, center fre-
quency value degradation degree, bandwidth degrada-
tion 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 embodi-
ment only in that quality determination on each channel
is performed depending on whether each of the degra-
dation degrees, instead of each feature value or its var-
iation degree, falls within the reference range indicated
by corresponding reference data.

[0188] 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 occur-
rence of abnormality.

[0189] Each reference value may be common to the
respective channels.

[0190] Quality determination may be performed on the
basis of only feature values without any consideration of
variation degrees.

[0191] 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. Alterna-
tively, values other than those described above may be
used.

[0192] A reference database 707a, a determination
weight database 707b, a reference database 707c, and
the reference database 707d or past acquired data da-
tabase 707e may be prepared outside the main unit 700.
In this case, each database is made accessible through,
for example, a connector 702 in advance.

[0193] Level reference data and variation reference
data may be written in different databases.

[0194] 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 712b.
The image generating unit 712b generates display data
from the signal generated by the display processing unit
709. The display data is written in the memory init 712c.
[0195] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting a medical
diagnosing unit 712.

[0196] FIG. 33 is ablock diagram showing the arrange-
ment of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe.

[0197] This ultrasound diagnostic apparatus includes
a main unit 800 and ultrasound probe 200.
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[0198] AsshowninFIG. 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 me-
dium 807, an interface unit 808, a display processing unit
809, a control unit 810, and a medical diagnosing unit
811.

[0199] 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 801a are so arranged as to come into con-
tact with the contacts 201a, respectively, when the con-
nector 201 is attached to the connector 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.

[0200] The transmitting unit 804 transmits excitation
signals for exciting ultrasound transducing elements
202a. The transmitting unit 804 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 805 receives
the signals output from the ultrasound transducing ele-
ments 202a. The receiving unit 805 can receive the sig-
nals output from the respective ultrasound transducing
elements 202a in parallel. The receiving unit 805 outputs
the received signals.

[0201] The measuring unit 806 performs predeter-
mined measurement processing on the basis of the re-
ception signals output from the receiving unit 805. The
measuring unit 806 outputs the measurement informa-
tion obtained by the above measurement processing to
the storage medium 807, interface unit 808, display
processing unit 809, and control unit 810 under the con-
trol of the control unit 810. The storage medium 807 is,
for example, a semiconductor memory. The storage me-
dium 807 stores various kinds of information such as the
above measurement information. The interface unit 808
performs communication processing conforming to, for
example, the USB standard to realize communication
with the external device connected to the connector 802.
The display processing unit 809 generates an image sig-
nal for causing the monitor device connected to the con-
nector 803 to display an image on the basis of the above
measurement information, information supplied from the
control unit 810, and the like.

[0202] The control unit 810 comprises, for example, a
microprocessor. The control unit 810 systematically con-
trols 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 measurement result obtained by the
measuring unit 806. The control unit 810 has a function
of acquiring information indicating the quality of the ap-
pearance state of the ultrasound probe 200 by receiving

10

15

20

25

30

35

40

45

50

55

19

designating operation by the maintenance operator. The
control unit 810 has a function of acquiring digital photo-
graphic data from the external device connected to the
connector 802. The control unit 810 has a function of
generating report data indicating a report representing
the electrical state determined by the above function, the
information indicating the quality of the appearance state
acquired by the above function, and the digital photo-
graph acquired by the above function.

[0203] The medical diagnosing unit 811 also includes
animaging control unit811a, image generatingunit811b,
memory unit 811c, and display unit 811d. The imaging
control unit 811a controls a transmitting unit 804, receiv-
ing unit 805, and image generating unit 811b so as to
perform proper imaging processing in accordance with
diagnosis contents or the like. The image generating unit
811b 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 atomographicimage or three-dimensional image con-
cerning 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
811d performs display operation based on the display
data.

[0204] The operation of the ultrasound diagnostic ap-
paratus having the above arrangement will be described
next.

[0205] When medical diagnosis on a subject to be ex-
amined is to be performed by using the ultrasound probe
200, information useful for medical diagnosis can be pre-
sented by activating the medical diagnosing unit 811 in
the same manner as a known ultrasound diagnostic ap-
paratus.

[0206] Ifitis required to diagnose the ultrasound probe
200, the control unit 810 reads in the identification infor-
mation output from an identification information output
unit 204. This identification information is information for
specifying each ultrasound probe 200. The control unit
810 acquires probe information concerning the ultra-
sound 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 information includes, for ex-
ample, 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 ultrasound
probe 200, outer appearance picture data of the ultra-
sound probe 200, and a maintenance contract number.
[0207] The control unit 810 executes processing for
determining 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 us-
ing the ultrasound probe 200. More specifically, as shown
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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. The receiving
unit 805 receives reflected ultrasound signals from the
test object through the ultrasound transducing elements
202a, signal lines 203a, the contacts 201a, and the con-
tacts 801a, and causes the measuring unit 806 to meas-
ure various feature values concerning the reflected ultra-
sound signals (e.g., amplitude values, center frequency
values, frequency band values, and group delay time val-
ues). The control unit 810 then determines the electrical
state of the ultrasound probe 200 on the basis of the
feature values measured by the measuring unit 806. The
determination of this electrical state is, for example, qual-
ity determination on the reception quality of a reflected
ultrasound signal, determination of whether the signal
line 203a is broken, or comprehensive quality determi-
nation of the ultrasound probe 200 based on the above
determining operations.

[0208] The control unit 810 prompts the maintenance
operator to designate quality determination concerning
several items associated with appearance states. In this
embodiment, the maintenance operator is prompted to
designate quality determination concerning the appear-
ance states of the head unit (lens surface), case unit,
capable unit, and connector unit. The maintenance op-
erator visually checks the outer appearance of the ultra-
sound probe 200 to perform quality determination con-
cerning 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 determi-
nation of the case unit, the maintenance operator con-
siders, for example, fracture, contamination, flaws, and
defects. In performing quality determination of the cable
unit, the maintenance operator considers, for example,
flaws, cladding peeling, contamination, and hardening.
In performing quality determination of the connector unit,
the maintenance operator considers, for example, bents
in contact pins, terminal contamination, and defects. The
control unit 810 acquires information indicating the qual-
ity 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 appear-
ance state is made by, for example, operating the key-
board, pointer, or the like connected to the connector
802, the control unit 810 receives information indicating
this designating operation.

[0209] When the maintenance operator issues a re-
quest 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 con-
nector 802 through the connector 802 and interface unit
808.

[0210] The control unit 810 generates report data in-
dicating a report like that shown in FIG. 34 by using the
above determination result concerning the electrical
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state, the acquired information indicating the quality of
the appearance states, outer appearance picture data of
the ultrasound probe 200, the acquired digital photo-
graphic data, and acquired probe information. This report
data is output to the external device connected to the
connector 802 through the interface unit 808. If, for ex-
ample, 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 |1 indicates a de-
termination result concerning the electrical state; an im-
age 12, the quality of appearance states; and an image
I3, a outer appearance picture of the ultrasound probe
200. The image 13 may be replaced by a photograph
obtained by the digital camera if the maintenance oper-
ator demands that the photograph be presented. In this
case, the image 13 shows flaws, cladding peeling, con-
tamination or the like, if any at the time of photographing.
The photograph is therefore useful in diagnosing the ul-
trasound probe 200.

[0211] As described above, a report indicating the
electrical state of the ultrasound probe 200 and appear-
ance states can be automatically generated. Using this
report allows the maintenance operator to easily and
properly report the owner or user. Since a outer appear-
ance picture of the ultrasound probe 200 is presented,
the maintenance operator can more easily know which
ultrasound probe 200 is reported, than in the case where
only the name of the ultrasound probe 200 is shown.
[0212] For example, as shown in FIG. 35, a graphics
image indicating an abnormality occurrence portion and
abnormality 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.

[0213] Eitherthe quality of appearance states or a dig-
ital photograph may be presented alone in a report. Al-
ternatively, another information such as a character
string indicating a finding by the maintenance operator
may be input to be presented in a report.

[0214] 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.

[0215] Various kinds of outer appearance information
concerning various failure cases (listed cases in practice)
concerning the head unit, case unit, cable unit, and con-
nector unit are stored in the storage medium in associa-
tion with probe information and appearance state deter-
mination information. Outer appearance information
stored in the above storage medium may be acquired
and presented by reading out the information by search-
ing/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 appearance in-
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formation concerning each of the head unit, case unit,
cable unit, connector unit, and the like are stored in as-
sociation 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 ac-
quiring the corresponding outer appearance information.
Note that a computer graphics image indicating an ap-
pearance state can be used as outer appearance infor-
mation.

[0216] 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 811b.
The image generating unit 811b generates display data
from the signal generated by the display processing unit
809. The display data is written in the memory init 811c.
[0217] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting a medical
diagnosing unit 811.

[0218] FIG. 36isablock diagram showing the arrange-
ment of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe.

[0219] This ultrasound diagnostic apparatus includes
a main unit 900 and ultrasound probe 200.

[0220] 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.

[0221] 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 con-
tact with the contacts 201a, respectively, when the con-
nector 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 de-
vice. A monitor device (not shown) is connected to the
connector 903 through a monitor cable (not shown).
[0222] The transmitting unit 904 transmits excitation
signals for exciting ultrasound transducing elements
202a. The transmitting unit 904 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 905 receives
the signals output from the ultrasound transducing ele-
ments 202a. The receiving unit 905 can receive the sig-
nals output from the plurality of ultrasound transducing
elements 202a in parallel. The receiving unit 905 outputs
the received signals.

[0223] The measuring unit 906 performs predeter-
mined measurement processing on the basis of the re-
ception signals output from the receiving unit 905. The
measuring unit 906 outputs the measurement informa-
tion obtained by the above measurement processing to
the storage medium 907, interface unit 908, display
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processing unit 909, and control unit 910 under the con-
trol of the control unit 910. The storage medium 907 is,
for example, a semiconductor memory. The storage me-
dium 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 display processing unit 909 generates an image sig-
nal for causing the monitor device connected to the con-
nector 903 to display an image on the basis of the above
measurement information, information supplied from the
control unit 910, and the like.

[0224] The control unit 910 comprises, for example, a
microprocessor. The control unit 910 systematically con-
trols the respective units of the ultrasound diagnostic ap-
paratus 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 measurement result obtained by the
measuring unit 906. The control unit 910 also has a func-
tion of controlling the display processing unit 909 to gen-
erate display data for graphically displaying the positions
of the contacts 201a in the connector 201 in correspond-
ence with the above check results concerning channels
including the contacts 201a.

[0225] The medical diagnosing unit 911 also includes
animaging control unit911a, image generatingunit911b,
memory unit 911c, and display unit 911d. The imaging
control unit 911a controls the transmitting unit 904, re-
ceiving unit 905, and image generating unit 911b so as
to perform proper imaging processing in accordance with
diagnosis contents or the like. The image generating unit
911b 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 atomographicimage or three-dimensional image con-
cerning 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
911d performs display operation based on the display
data.

[0226] 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 201a
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 ar-
ranged in a 15 X 12 matrix. Signal lines 203a are con-
nected to some of the 360 contact 201a. If, for example,
the ultrasound probe 200 has a 128-channel arrange-
ment, 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 pow-
er supply lines and ground lines (none of which are shown
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in FIG. 36). There are a plurality of models of ultrasound
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.
[0227] The operation of the ultrasound diagnostic ap-
paratus having the above arrangement will be described
next.

[0228] When medical diagnosis on a subject to be ex-
amined is to be performed by using the ultrasound probe
200, information useful for medical diagnosis can be pre-
sented by activating the medical diagnosing unit 911 in
the same manner as a known ultrasound diagnostic ap-
paratus.

[0229] If it is 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 201a of
the connector 201 the channel whose state is to be di-
agnosed 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 identification information
is information for specifying each ultrasound 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 correspond-
ence 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 ad-
vance in the storage medium 907. Alternatively, informa-
tion indicating a model may be contained in identification
information, and the control unit 910 may directly deter-
mine 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 mod-
el in which the functions of the respective contacts 201a
are the same is to be diagnosed, such processing can
be omitted.

[0230] 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 diagnosed on the basis of the state of a
reflected ultrasound signal which can be received by us-
ing the channel. More specifically, 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 ultrasound trans-
ducing elements 202a are excited. The receiving unit 905
receives reflected ultrasound signals from the test object
through the ultrasound transducing elements 202a, sig-
nal lines 203a, the contacts 201a, and the contacts 901a,
and causes the measuring unit 906 to collect various data
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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.

[0231] Upon completing diagnosis concerning all the
channels whose states are to be diagnosed, the control
unit 910 causes the display processing unit 909 to gen-
erate display data indicating this diagnosis result. The
display data generated by the display processing unit
909 is sent to the monitor device through the connector
903. The monitor device displays the image indicating
the diagnosis result on the basis of the above display
data.

[0232] The ultrasound diagnostic apparatus 900 can
display 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.
[0233] FIG. 38 is a view showing an example of the
image displayed by the first display method.

[0234] Theimage shownin FIG. 38 is based on a com-
puter 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 combined with the graphics image serving as the
above base. Referring to FIG. 38, color differences are
indicated by different kinds of hatchings. In the image
shown in FIG. 38, at the position of the contact 201a to
which a channel in which abnormality has been found
belongs, a numeral indicating the corresponding channel
number is combined.

[0235] FIG. 39 is a view showing an example of the
image displayed by the second display method.

[0236] Theimage shownin FIG. 39 indicates, by using
characters, pieces of connector location information in-
dicating the positions of the contacts 201a of the connec-
tor 201 to which the respective channels belong and di-
agnosis results in correspondence with the respective
channel numbers.

[0237] Connector location information comprises a
combination 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. Forexample,
the connector 201 shown in FIG. 37 has the contacts
201aarranged in a 30 (rows) X 12 (columns) matrix, and
the 30 rows are assigned A to Z and a to g as row num-
bers, and the 12 columns are assigned 1 to 12 as column
numbers. In the case shown in FIG. 39, connector loca-
tion information concerning the channel whose channel
number is "1" is represented by "A - 12". This indicates
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that the contact 201a belonging to the channel whose
channel number is "1" is located at the Ath row and 12th
column.

[0238] FIGS. 40a and 40B are views showing an ex-
ample of the image displayed by the third display method.
[0239] The image shown in each of FIGS. 40A and
40B is based on an actual image 111 of the outer appear-
ance of the connector 201 which is imaged to indicate
the arrangement of the contacts 201a in the connector
201. In the initial state, only the actual image 111 de-
scribed above and a pointer P are indicated, as shown
in FIG. 40A.

[0240] In this state, the control unit 910 receives point-
er 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.

[0241] If the pointer P is moved to a position designat-
ing any one of the contacts on the actual image 111 as
showninFIG. 40B, the control unit910 updates the image
to display an image 112 indicating a diagnosis result con-
cerning the channel belonging to the designated contact
by combining it with the above image, as shown in FIG.
40B.

[0242] As described above, a diagnosis result con-
cerning each channel is displayed in correspondence
with the position of the corresponding contact 201a be-
longing to the channel in the connector 201. If, therefore,
a failure has occurred in any of the channels, the main-
tenance 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 ultrasound transducing element 202a
belonging to the same channel 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, ultra-
sound transducing element 202a, and signal line 203a
which constitute the channel in which abnormality has
occurred. This makes it easy for the maintenance oper-
ator to recognize the portion in which the failure has oc-
curred. Since this makes it possible to shorten the time
required to recognize a failure occurrence portion, the
time required to repair the ultrasound probe 200 can be
shortened.

[0243] 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.

[0244] The base image in the first display method may
be replaced with the actualimage used in the third display
method.

[0245] Thebaseimageinthe third display method may
be replaced with the computer graphics image as the
base used in the first display method.

[0246] Information for presenting a diagnosis result
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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 indicat-
ing the image obtained by combining the above image
with a predetermined form for a report makes it possible
to easily and automatically generate a report indicating
diagnosis results so as to make them easy to understand
as described above.

[0247] 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.

[0248] 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 911b.
The image generating unit 911b generates display data
from the signal generated by the display processing unit
909. The display data is written in the memory init 911c.
[0249] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting a medical
diagnosing unit 911.

[0250] FIG.41isablockdiagramshowingthe arrange-
ment of an ultrasound diagnostic apparatus having a
function of diagnosing an ultrasound probe according to
the 11th embodiment. This ultrasound diagnostic appa-
ratus includes a main unit 1000 and ultrasound probe
200.

[0251] The main unit 1000 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 simulation processing unit 1010, a control unit
1011, and a medical diagnosing unit 1012.

[0252] A connector 201 provided in the ultrasound
probe 200 is attached to the connector 1001. The con-
nector 1001 has contacts 1001a equal in number to con-
tacts 201a provided on the connector 201. The contacts
1001a are so arranged as to come into contact with the
contacts 201a, 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).

[0253] The transmitting unit 1004 transmits excitation
signals for exciting ultrasound transducing elements
202a. The transmitting unit 1004 can transmit excitation
signals for the respective ultrasound transducing ele-
ments 202a in parallel. The receiving unit 1005 receives
the signals output from the ultrasound transducing ele-
ments 202a. The receiving unit 1005 can receive the sig-
nals output from the ultrasound transducing elements
202a in parallel. The receiving unit 1005 outputs the re-
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ceived signals.

[0254] The measuring unit 1006 performs predeter-
mined measurement processing on the basis of the re-
ception signals output from the receiving unit 1005. The
measuring unit 1006 outputs the measurement informa-
tion obtained by the above measurement processing to
the storage medium 1007, interface 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 conform-
ing to, for example, the USB standard to realize commu-
nication with the external device connected to the con-
nector 1002. The display processing unit 1009 generates
animage signal for causing the monitor device connected
to the connector 1003 to display an image on the basis
of the above measurement information, information sup-
plied from the control unit 1011, and the like.

[0255] The image simulation processing unit 1010
comprises, for example, a microprocessor. The image
simulation processing unit 1010 generates a simulation
image by image simulation simulating an ultrasound di-
agnostic apparatus using a virtual ultrasound probe or
ideal ultrasound probe which is constructed by the control
unit 1011.

[0256] The control unit 1011 comprises, for example,
a microprocessor. The control unit 1011 systematically
controls the respective units of the main unit 1000 to re-
alize 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 meas-
uring 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 generated by the image sim-
ulation processing unit 1010 is combined.

[0257] The medical diagnosing unit 1012 alsoincludes
an imaging control unit 1012a, image generating unit
1012b, memory unit 1012c, and display unit 1012d. The
imaging control unit 1012a controls the transmitting unit
1004, receiving unit 1005, and image generating unit
1012b so as to perform proper imaging processing in
accordance with diagnosis contents or the like. The im-
age generating unit 1012b generates display data for dis-
playing an image for medical diagnosis on the basis of
the signals output from the receiving unit 1005. The im-
age 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 1012c stores the
above display data. The display unit 1012d performs dis-
play operation based on the display data.
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[0258] The operation of the ultrasound diagnostic ap-
paratus having the above arrangement will be described
next.

[0259] When medical diagnosis on a subject to be ex-
amined is to be performed by using the ultrasound probe
200, information useful for medical diagnosis can be pre-
sented by activating the medical diagnosing unit 1012 in
the same manner as a known ultrasound diagnostic ap-
paratus.

[0260] Indiagnosingthe ultrasound probe 200, a main-
tenance 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.

[0261] 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 processing shown in FIG. 42B.

[0262] In step Sd1 in FIG. 42A, the control unit 1011
causes the respective units to acquire measured data.
More specifically, the control unit 1011 causes the trans-
mitting unit 1004 to excite the ultrasound transducing el-
ements 202a. The 1011 also causes the receiving unit
1005 to receive reflected ultrasound 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 meas-
uring unit 1006 to collect various kinds of data concerning
the reflected ultrasound signals. The measuring unit
1006 stores the collected data in the storage medium
1007. This measured data acquisition is performed for
each channel.

[0263] In step Sd2, the control unit 1011 performs sig-
nal 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 fre-
quency values, frequency band values, group delay time
values, and the like are conceivable.

[0264] These amplitudes, center frequencies, fre-
quency 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 manner in the storage medium 1007.

[0265] In step Sd4, the control unit 1011 instructs the
image simulation processing unit 1010 to construct a vir-
tual ultrasound probe. Upon receiving this instruction, the
image simulation processing unit 1010 constructs a vir-
tual ultrasound probe on the basis of the amplitude val-
ues, center frequency values, frequency band values,
and group delay time values calculated in the above man-
ner. In step Sd5, the control unit 1011 issues an instruc-
tion to execute image simulation using the constructed
virtual ultrasound probe. Upon receiving this instruction,
the image simulation processing unit 1010 executes im-
age simulation simulating an ultrasound diagnostic ap-
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paratus using the above ultrasound probe. A known tech-
nique can be applied to this image simulation. For exam-
ple, inimage simulation based on a point spread function
(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.

[0266] In step Se1 in FIG. 42B, the control unit 1011
reads in the identification information output from aniden-
tification information output unit 204. In step Se2, the
control unit 1011 acquires probe information concerning
the model of the ultrasound probe 200 connected to the
connector 1001. The model of the ultrasound probe 200
is determined on the basis of the above identification in-
formation. The identification information is information for
specifying each ultrasound probe 200, and does not gen-
erally 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 connected
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
information 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.

[0267] In step 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 Se4, the control unit 1011 issues an instruction to
execute image simulation using the constructed ideal ul-
trasound probe. Upon receiving this instruction, the im-
age simulation processing unit 1010 executesimage sim-
ulation simulating an ultrasound diagnostic apparatus us-
ing the above ideal ultrasound probe. The image simu-
lation processing unit 1010 stores an image obtained as
a result of such image simulation as a reference probe
image in the storage medium 1007.

[0268] In step Sd5 in FIG. 42A, the control unit 1011
reads out a check probe image and reference probe im-
age 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 mon-
itor device to display the comparative 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.

[0269] The control unit 1011 can generate the print da-
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ta of a report like that shown in FIG. 34 which contains
the comparative display image. This print data is sent to
a printer through the interface unit 1008 and connector
1002 and printed.

[0270] As described above, a check probe image can
be presented, which is obtained by image simulation us-
ing 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 maintenance operator can easily
and properly recognize the degree of influence of a de-
terioration in the ultrasound probe 200 on image diagno-
sis on the basis of this check probe image.

[0271] 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 oper-
ator 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.

[0272] In addition,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.

[0273] 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 maintenance operator to more precisely recognize a
degree of influence on actual image diagnosis.

[0274] Asareference probeimage, animage prepared
in advance may be used.

[0275] 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 characteristics of each ultrasound probe 200
in aninitial state, e.g., at the time of shipment, or average
characteristics for each lot are registered in a database.
[0276] 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.

[0277] A reference probe image need not be present-
ed.

[0278] A check probe image may be output to an ex-
ternal device to be arbitrarily used for, for example, dis-
play operation or the generation of a report.

[0279] The transmitting unit 1004 and receiving unit
1005 each may be designed to have a 1-channel arrange-
ment by using a matrix switch with a multiplexer arrange-
ment. This makes it possible to reduce the circuit sizes
of the transmitting unit 1004 and receiving unit 1005.
[0280] Display operation based on a signal generated
by the display processing unit 1009 may be performed
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by the display unit 1012d. In this case, the display
processing unit 1009 is connected to the image gener-
ating unit 1012b. The image generating unit 1012b gen-
erates display data from the signal generated by the dis-
play processing unit 1009. The display data is written in
the memory init 1012c.

[0281] This apparatus may be realized as an ultra-
sound probe diagnosing apparatus by omitting the med-
ical diagnosing unit 1012.

[0282] Note that a plurality of functions of the ultra-
sound probe diagnosing functions described in the re-
spective embodiments described above can be provided
for a single ultrasound diagnostic apparatus or ultra-
sound probe diagnosing apparatus.

[0283] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. Itis explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. Anultrasound probe diagnosing apparatus (700) for
diagnosing an ultrasound probe (200), of a plurality
of ultrasound probes (200), which is set as a diag-
nosis target, comprising
a measuring part (706) adapted to measure an am-
plitude, a center frequency and a bandwidth of a re-
flected ultrasound signal received from a test object
by the ultrasound probe (200) set as the diagnosis
target;

a determining part (710) adapted to determine
whether the ultrasound probe (200) set as the diag-
nosis target is normal, on the basis of an amplitude
reference value, a center frequency reference value
and a bandwidth reference value corresponding to
the ultrasound probe (200) set as the diagnosis tar-
getandincludedin amplitude reference values, cent-
er frequency reference values and bandwidth refer-
ence values corresponding to the plurality of ultra-
sound probes, and also based on the measured am-
plitude, center frequency and bandwidth;

a part (710) adapted to obtain a variation degree of
each of measured amplitudes, center frequencies
and bandwidths; and characterized in that,

the determining part (710) is adapted to compare the
measured amplitude, center frequency and band-
width with corresponding ones of the amplitude ref-
erence values, center frequency reference values
and bandwidth reference values, to compare the ob-
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tained variation degrees of the measured ampli-
tudes, center frequencies and bandwidths with an
amplitude-variation reference value, a center-fre-
quency-variation reference value and a bandwidth-
variation reference value, respectively, and to deter-
mine whether the ultrasound probe (200) set as the
diagnosis target is normal, based on the comparison
results.

An apparatus (700) according to claim 1 character-
ized in that

the determining part (710) is adapted to weight com-
parison results concerning the amplitude, center fre-
quency and bandwidth, and comparison results con-
cerning the amplitude-variation degree, the center-
frequency-variation degree and the bandwidth-vari-
ation degree in accordance with weighting informa-
tion corresponding to the ultrasound probe set as
the diagnosis target, and to determine, based on the
weighted comparison results, whether the ultra-
sound probe set as the diagnosis target is normal.

An apparatus (700) according to claim 1 or 2, which
further comprises

a storage part (707) adapted to store amplitudes,
center frequencies and bandwidths measured in the
past, and

a part (710) adapted to obtain degradation degrees
of newly measured amplitude, center frequency and
bandwidth with respect to the amplitudes, center fre-
quencies and bandwidths stored in the storage part
(707), and characterized in that

the determining part (710) is adapted to compare the
obtained degradation degrees of the amplitude,
center frequency and bandwidth with respective am-
plitude-degradation reference degrees, center-fre-
quency-degradation reference degrees and band-
width-degradation reference degrees, and to deter-
mine, on the basis of the comparison results, wheth-
er the ultrasound probe (200) set as the diagnosis
target is normal.

An apparatus (700) according to claim 1 or 2, which
further comprises

a storage part (707) adapted to store the amplitude,
center frequency and bandwidth variation degrees
acquired in the past, and

a part (710) adapted to obtain degradation degrees
of newly acquired amplitude, center frequency and
bandwidth variation degrees with respect to the am-
plitude, center frequency and bandwidth variation
degrees, respectively, stored in the storage part
(707), and characterized in that

the determining part (710) is adapted to compare the
obtained degradation degrees of the amplitude,
center frequency and bandwidth with respective am-
plitude-degradation reference degrees, center-fre-
quency-degradation reference degrees and band-
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width-degradation reference degrees, and to deter-
mine, on the basis of the comparison results, wheth-
er the ultrasound probe (200) set as the diagnosis
target is normal.

An apparatus (700) according to claim 1 or 2, char-
acterized in that

the determining part (710) is adapted to determine
a normality degree of the ultrasound probe (200) set
as the diagnosis target on the basis of the amplitude,
center frequency and bandwidth or on the basis of
the variation degrees of the amplitude, center fre-
quency and bandwidth, or on the basis of both the
amplitude, center frequency and bandwidth, and the
variation degrees of the amplitude, center frequency
and bandwidth.

An ultrasound diagnostic apparatus (700) in which
one of a plurality of ultrasound probes (200) is se-
lectively mounted to obtain information for diagnosis
on a subject to be examined on the basis of a reflect-
ed ultrasound wave received from the subject by the
mounted ultrasound probe (200), comprising

a measuring part (706) adapted to measure an am-
plitude, a center frequency and a bandwidth of a re-
flected ultrasound signal received from a test object
by the mounted ultrasound probe (200);

a determining part (710) adapted to determine
whether the mounted ultrasound probe (200) is nor-
mal, on the basis of an amplitude reference value, a
center frequency reference value and a bandwidth
reference value corresponding to the mounted ultra-
sound probe (200) and included in amplitude refer-
ence values, center frequency reference values and
bandwidth reference values corresponding to the
plurality of ultrasound probes, and also based on the
measured amplitude, center frequency and band-
width;

a part (710) adapted to obtain variation degrees of
the measured amplitudes, center frequencies and
bandwidths; and wherein

the determining part (710) is adapted to compare the
measured amplitude, center frequency and band-
width with the corresponding ones of the amplitude
reference values, center frequency reference values
and bandwidth reference values, to compare the ob-
tained variation degrees with an amplitude-variation
reference degree, a center-frequency-variation ref-
erence degree and a bandwidth-variation reference
degree, respectively, and to determine whether the
mounted ultrasound probe is normal, based on the
comparison results.

An apparatus (700) according to claim 6, character-
ized in that

the determining part (710) is adapted to weight, in
accordance with weighting information correspond-
ing to the mounted ultrasound probe, the comparison
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results concerning the measured amplitude, center
frequency and bandwidth, and the comparison re-
sults concerning the obtained variation degrees, and
to determine whether the mounted ultrasound probe
is normal based on the weighted comparison results.

An apparatus (700) according to claim 6, further
comprising

a part (710) adapted to weight, in accordance with
the weighting information corresponding to the
mounted ultrasound probe, the amplitude, center fre-
quency and bandwidth measured with respect to
said respective reflected ultrasound signals received
by said plurality of transducer of the mounted ultra-
sound probe, and characterized in that

the determining part (710) is adapted to use the
weighted amplitude, center frequency and band-
width to determine whether the mounted ultrasound
probe (200) is normal.

An apparatus (700) according to claim 6, further
comprising

a part (711) adapted to acquire variation degrees of
the measured amplitude, center frequency and
bandwidth, and

a part (710) adapted to weight, in accordance with
weighting information corresponding to the mounted
ultrasound probe, each of amplitude, center frequen-
cy and bandwidth variation degrees obtained with
respect to the reflected ultrasound signals received
by said plurality of transducers, and characterized
in that

the determining part (710) is adapted to use the
weighted amplitude, center frequency and band-
width variation degrees to determine whether the
mounted ultrasound probe (200) is normal.

An apparatus (700) according to claim 6, which fur-
ther comprises

a storage part (707) adapted to store amplitudes,
center frequencies and bandwidths measured in the
past, and

a part (710) adapted to obtain degradation degrees
of newly measured amplitude, center frequency and
bandwidths with respect to the amplitudes, center
frequencies and bandwidths stored in the storage
part (707), and characterized in that

the determining part (710) is adapted to compare the
obtained degradation degrees of the amplitude,
center frequency and bandwidth with an amplitude-
degradation reference degree, a center-frequency-
degradation reference degree and a bandwidth-deg-
radation reference degree, respectively, and to de-
termine, on the basis of the comparison results,
whether the mounted ultrasound probe (200) is nor-
mal.

An apparatus (700) according to claim 6, which_fur-
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ther comprises

an acquisition part adapted to acquire an amplitude
variation degree, a center frequency variation de-
gree and a bandwidth variation degree of measured
amplitudes, center frequencies and bandwidths, re-
spectively;

a storage part (707) adapted to store amplitude,
center frequency and bandwidth variation degrees
acquired in the past, and

a part (710) adapted to obtain respective degrada-
tion degrees of newly acquired amplitude, center fre-
quency and bandwidth variation degrees with re-
spect to the amplitude, center frequency and band-
width variation degrees stored in the storage part
(707), and characterized in that

the determining part (710) is adapted to compare the
obtained degradation degrees of the amplitude,
center frequency and bandwidth variation degrees
with an amplitude-degradation reference degree, a
center-frequency-degradation reference degree and
a bandwidth-degradation reference degree and to
determine whether the mounted ultrasound probe is
normal, based on the comparison results.

An ultrasound probe diagnosing method of diagnos-
ing an ultrasound probe (200), of a plurality of ultra-
sound probes (200), which is set as a diagnosis tar-
get, characterized by comprising

measuring an amplitude, a center frequency and a
bandwidth of a reflected ultrasound signal received
from a test object by the ultrasound probe (200) set
as the diagnosis target;

determining, on the basis of an amplitude reference
value, a center-frequency reference value and a
bandwidth reference value, of amplitude reference
values, center-frequency reference values and
bandwidth reference values corresponding to said
plurality of ultrasound probes (200), which corre-
sponds to the ultrasound probe (200) set as the di-
agnosis target and the measured feature value,
whether the ultrasound probe (200) set as the diag-
nosis target is normal;

obtaining variation degrees of measured amplitudes,
center frequencies and bandwidths; and
comparing, with the respective amplitude reference
values, center frequency reference values and band-
width reference values, the amplitude, the center fre-
quency and the bandwidth measured with respect
to each of the reflected ultrasound signals received
by a plurality of transducers of the ultrasound probe
(200) set as the diagnosis target, comparing the ob-
tained variation degrees of the measured ampli-
tudes, center frequencies and bandwidths with an
amplitude-variation reference degree, a center-fre-
quency-variation reference degree and a bandwidth-
variation reference degree, respectively, and deter-
mining whether the ultrasound probe (200) set as
the diagnosis target is normal, based on the com-
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parison results.

A method according to claim 12, further comprising
weighting comparison results concerning the ampli-
tude, center frequency and bandwidth, and compar-
ison results concerning the amplitude-variation ref-
erence degree, the center-frequency-variation refer-
ence degree and the bandwidth-variation reference
degree in accordance with weighting information
corresponding to the ultrasound probe set as the di-
agnosis target, and determining, based on the
weighted comparison results, whether the ultra-
sound probe set as the diagnosis target is normal.

A method according to claim 12 or 13 further com-
prising

storing amplitudes, center frequencies and band-
widths measured in the past;

obtaining degradation degrees of newly measured
amplitude, center frequency and bandwidth with re-
spect to the stored amplitudes, center frequencies
and bandwidths; and

comparing the obtained degradation degrees of the
amplitude, center frequency and bandwidth with re-
spective amplitude-degradation reference degrees,
center-frequency-degradation reference degrees
and bandwidth-degradation reference degrees, and
determining, on the basis of the comparison results,
whether the ultrasound probe (200) set as the diag-
nosis target is normal.

A method according to claim 12, further comprising
obtaining an amplitude variation degree, a center-
frequency variation degree and a bandwidth varia-
tion degree of the measured amplitudes, center fre-
quencies and bandwidths, respectively;

storing the amplitude, center frequency and band-
width variation degrees acquired in the past;
obtaining degradation degrees of newly acquired
amplitude, center frequency and bandwidth variation
degrees with respect to the stored amplitude, center
frequency and bandwidth variation degrees, respec-
tively;

comparing the obtained degradation degrees of the
amplitude, center frequency and bandwidth with re-
spective amplitude-degradation reference degrees,
center-frequency-degradation reference degrees
and bandwidth-degradation reference degrees, and
determining, on the basis of the comparison results,
whether the ultrasound probe set as the diagnosis
target is normal.

Patentanspriiche

1.

Ultraschallsondendiagnosevorrichtung (700) zum
Diagnostizieren einer Ultraschallsonde (200) von ei-
ner Mehrzahl von Ultraschallsonden (200), die als
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ein Diagnoseziel gesetzt ist, enthaltend

ein Messteil (706), das angepasst ist zum Messen
einer Amplitude, einer Mittenfrequenz und einer
Bandbreite eines reflektierten Ultraschallsignals,
das von einem Testobjekt durch die Ultraschallson-
de (200), die als das Diagnoseziel gesetzt ist, emp-
fangen wird;

ein Bestimmungsteil (710), das angepasst ist zum
Bestimmen, ob die Ultraschallsonde (200), die als
das Diagnoseziel gesetzt ist, normal ist, basierend
auf einem Amplitudenreferenzwert, einem Mittenfre-
quenzreferenzwert und einem Bandbreitenreferenz-
wert, die der Ultraschallsonde (200), die als das Dia-
gnoseziel gesetzt ist, entsprechen und in den Am-
plitudenreferenzwerten, den Mittenfrequenzrefe-
renzwerten und Bandbreitenreferenzwerten, die der
Mehrzahl von Ultraschallsonden entsprechen, ent-
halten sind, und ebenso basierend auf der gemes-
senen Amplitude, der Mittenfrequenz und der Band-
breite;

ein Teil (710), das angepasst ist zum Erhalten eines
Anderungsgrads der gemessenen Amplituden, Mit-
tenfrequenzen und Bandbreiten; und dadurch ge-
kennzeichnet, dass das Bestimmungsteil (710) an-
gepasst ist zum Vergleichen der gemessenen Am-
plitude, Mittenfrequenz und Bandbreite mit entspre-
chenden Amplitudenreferenzwerten, Mittenfre-
quenzwerten und Bandbreitenfrequenzwerten, zum
Vergleichen der gewonnenen Anderungsgrade der
gemessenen Amplituden, Mittenfrequenzen und
Bandbreiten mit einem Amplitudendnderungsrefe-
renzwert, einem Mittenfrequenzanderungsreferenz-
wert bzw. einem Bandbreitenanderungsreferenz-
wert, und zum Bestimmen, ob die Ultraschallsonde
(200), die als das Diagnoseziel gesetzt ist, normal
ist, basierend auf den Vergleichsergebnissen.

Vorrichtung (700) nach Anspruch 1, dadurch ge-
kennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ge-
wichten der Vergleichsergebnisse beziglich der
Amplitude, Mittenfrequenz und Bandbreite, und der
Vergleichsergebnisse bezliglich des Amplitudenéan-
derungsgrads, des Mittenfrequenzanderungsgrads
und des Bandbreitendnderungsgrads gemaR einer
Gewichtungsinformation, die der Ultraschallsonde,
die als das Diagnoseziel gesetzt ist, entspricht, und
zum Bestimmen, basierend auf den gewichteten
Vergleichsergebnissen, ob die Ultraschallsonde, die
als das Diagnoseziel gesetzt ist, normal ist.

Vorrichtung (700) nach Anspruch 1 oder 2, ferner ent-
haltend

ein Speicherteil (707), das angepasst ist zum Spei-
chern von in der Vergangenheit gemessenen Ampli-
tuden, Mittenfrequenzen und Bandbreiten; und

ein Teil (710), das angepasst ist, zum Erhalten von
Reduzierungsgraden einer neu gemessenen Ampli-
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tude, Mittenfrequenz und Bandbreite beziiglich der
Amplituden, Mittenfrequenzen und Bandbreiten, die
im Speicherteil (707) gespeichert sind, und dadurch
gekennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ver-
gleichen der erhaltenen Reduzierungsgrade der Am-
plitude, Mittenfrequenz und Bandbreite bezlglich
Amplitudenreduzierungsreferenzgraden, Mittenfre-
quenzreduzierungsreferenzgraden und Bandbreiten-
reduzierungsreferenzgraden und zum Bestimmen,
basierend auf den Vergleichsergebnissen, ob die Ul-
traschallsonde (200), die als das Diagnoseziel ge-
setzt ist, normal ist.

Vorrichtung (700) nach Anspruch 1 oder 2, ferner ent-
haltend

ein Speicherteil (707), das angepasst ist zum Spei-
chern der Amplitude, der Mittenfrequenz und Band-
breitenanderungsgrade, die in der Vergangenheit er-
fasst worden sind, und ein Teil (707), das angepasst
ist, zum Gewinnen von Reduktionsgraden von neu
erfassten Amplituden-, Mittenfrequenz- und Band-
breitenanderungsgraden bezlglich der Amplitude,
Mittenfrequenz bzw. Bandbreitenanderungsgraden,
die in dem Speicher (707) gespeichert sind, und da-
durch gekennzeichnet, dass

der Bestimmungsteil (710) angepasstist zum Verglei-
chen der gewonnenen Reduzierungsgrade der Am-
plitude, Mittenfrequenz und Bandbreite bezuglich der
Amplitudenreduzierungsreferenzgrade,  Mittenfre-
quenzreduzierungsreferenzgrade und Bandbreiten-
reduzierungsreferenzgrade, und zu Bestimmen, ba-
sierend auf den Vergleichsergebnissen, ob die Ultra-
schallsonde (200), die als das Diagnoseziel gesetzt
ist, normal ist.

Vorrichtung (700) nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Be-
stimmen eines Normalitatsgrads der Ultraschallson-
de (200), die als das Diagnoseziel gesetzt ist, basie-
rend auf der Amplitude, Mittenfrequenz und Band-
breite oder basierend auf den Anderungsgraden der
Amplitude, Mittenfrequenz und Bandbreite, oder ba-
sierend auf beiden, der Amplitude, der Mittenfre-
quenz und Bandbreite und den Anderungsgraden
der Amplitude, Mittenfrequenz und Bandbreite.

Ultraschalldiagnosevorrichtung (700), bei der eine
von einer Mehrzahl von Ultraschallsonden (200) se-
lektiv montiert ist zum Erhalten von Information zur
Diagnose eines zu untersuchenden Subjekts basie-
rend auf einer reflektierten Ultraschallwelle, die von
dem Subjekt durch die montierte Ultraschallsonde
(200) empfangen wird, enthaltend

ein Messteil (706), das angepasst ist zum Messen
einer Amplitude, Mittenfrequenz und Bandbreite ei-
nes reflektierten Ultraschallsignals, das von einem
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Testobjekt durch die montierte Ultraschallsonde
(200) empfangen wird;

ein Bestimmungsteil (710), das angepasst ist zum
Bestimmen, ob die montierte Ultraschallsonde (200)
normal ist, basierend auf einem Amplitudenreferenz-
wert, einem Mittenfrequenzreferenzwert und einem
Bandbreitenreferenzwert, die der montierten Ultra-
schallsonde (200) entsprechen und in den Amplitu-
denreferenzwerten, Mittenfrequenzwerten  und
Bandbreitenreferenzwerten, die der Mehrzahl von
Ultraschallsonden entsprechen, enthalten sind, und
ebenso basierend auf der gemessenen Amplitude,
Mittenfrequenz und Bandbreite;

ein Teil (710), das angepasst ist zum Erhalten von
Anderungsgraden der gemessenen Amplituden,
Mittenfrequenzen und Bandbreiten; und wobei

das Bestimmungsteil (710) angepasst ist zum Ver-
gleichen der gemessenen Amplitude, Mittenfre-
quenz und Bandbreite mit den entsprechenden Wer-
ten von den Amplitudenreferenzwerten, Mittenfre-
quenzreferenzwerten und Bandbreitenreferenzwer-
ten, zum Vergleichen der erhaltenen Anderungsgra-
de miteinem Amplitudenanderungsreferenzgrad, ei-
nem Mittenfrequenzanderungsreferenzgrad und ei-
nem Bandbreitenanderungsreferenzgrad, und zu
Bestimmen, ob die montierte Ultraschallsonde nor-
mal ist, basierend auf den Vergleichsergebnissen.

Vorrichtung (700) nach Anspruch 6, dadurch ge-
kennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ge-
wichten der Vergleichsergebnisse, die die gemes-
sene Amplitude, Mittenfrequenz und Bandbreite be-
treffen, und der Vergleichergebnisse, die den ge-
wonnenen Anderungsgraden entsprechen, gemaR
Gewichtungsinformation, die der montierten Ultra-
schallsonde entspricht, und zum Bestimmen, ob die
montierte Ultraschallsonde normal ist, basierend auf
den gewichteten Vergleichsergebnissen.

Vorrichtung (700) nach Anspruch 6, ferner mit
einem Teil (710), das angepasst ist zum Gewichten
der Amplitude, der Mittenfrequenz und der Bandbrei-
te, die bezlglich der jeweiligen reflektierten Ultra-
schallsignale gemessen worden sind, die durch die
Mehrzahl von Transducern der montierten Ultra-
schallsonde empfangen werden, in Ubereinstim-
mung mit Gewichtungsinformation, die der montier-
ten Ultraschallsonde entspricht, und dadurch ge-
kennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ver-
wenden der gewichteten Amplitude, Mittenfrequenz
und Bandbreite zum Bestimmen, ob die montierte
Ultraschallsonde (200) normal ist.

Vorrichtung (700) nach Anspruch 6, ferner mit
einem Teil (711), das angepasst ist zum Erfassen
von Anderungsgraden der gemessenen Amplitude,
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Mittenfrequenz und Bandbreite, und

einem Teil (710), das angepasst ist zum Gewichten,
in Ubereinstimmung mit Gewichtungsinformation,
die der montierten Ultraschallsonde entspricht, der
Amplituden-, Mittenfrequenz- bzw. Bandbreitenan-
derungsgraden, die beziiglich der reflektierten Ultra-
schallsignale erhalten werden, die durch die Mehr-
zahl von Transducern empfangen werden, und da-
durch gekennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ver-
wenden der gewichteten Amplituden-, Mittenfre-
quenz- und Bandbreitenanderungsgraden, zum Be-
stimmen, ob die montierte Ultraschallsonde (200)
normal ist.

Vorrichtung (700) nach Anspruch 6, ferner mit
einem Speicherteil (707), das angepasst ist zum
Speichern von in der Vergangenheit gemessenen
Amplituden, Mittenfrequenzen und Bandbreiten,
und

einem Teil (710), das angepasst ist zum Erhalten
von Reduzierungsgraden einer neu gemessenen
Amplitude, Mittenfrequenz und Bandbreiten bezlig-
lich den Amplituden, Mittenfrequenzen und Band-
breiten, die in dem Speicherteil (707) gespeichert
sind, und dadurch gekennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ver-
gleichen der erhaltenen Reduzierungsgrade der
Amplitude, Mittenfrequenz und Bandbreite mit ei-
nem Amplitudenreduzierungsreferenzgrad, einem
Mittenfrequenzreduzierungsreferenzgrad bzw. ei-
nem Bandbreitenreduzierungsreferenzgrad, und
zum Bestimmen, basierend auf den Vergleichser-
gebnissen, ob die montierte Ultraschallsonde (200)
normal ist.

Vorrichtung (700) nach Anspruch 6, ferner mit
einem Erfassungsteil, das angepasst ist zum Erfas-
sen eines Amplitudendnderungsgrads, eines Mitten-
frequenzanderungsgrads und eines Bandbreitenan-
derungsgrads gemessener Amplituden, Mittenfre-
quenzen bzw. Bandbreiten;

einem Speicherteil (707), das angepasst ist zum
Speichern von in der Vergangenheit erfassten Am-
plituden-, Mittenfrequenz-, und Bandbreitendnde-
rungsgraden, und

einem Teil (710), das angepasst ist zum Erhalten
von Reduzierungsgraden von neu erfassten Ampli-
tuden-, Mittenfrequenz-, und Bandbreitendnde-
rungsgraden bezuglich den Amplituden-, Mittenfre-
quenz- und Bandbreitendnderungsgraden, die im
Speicherteil (707) gespeichert sind, und dadurch
gekennzeichnet, dass

das Bestimmungsteil (710) angepasst ist zum Ver-
gleichen der erhaltenen Reduzierungsgrade der
Amplituden-, Mittenfrequenz- und Bandbreitenan-
derungsgraden mit einem Amplitudenreduzierungs-
referenzgrad, einem Mittenfrequenzreduzierungs-



12.

13.

14.

59

referenzgrad und einem Bandbreitenreduzierungs-
referenzgrad, und zum Bestimmen, ob die montierte
Ultraschallsonde normal ist, basierend auf dem Ver-
gleichsergebnis.

Ultraschallsondendiagnoseverfahren zum Diagno-
stizieren einer Ultraschallsonde (200) von einer
Mehrzahl von Ultraschallsonden (200), die als ein
Diagnoseziel gesetzt ist, gekennzeichnet durch
Messen einer Amplitude, einer Mittenfrequenz und
einer Bandbreite eines reflektierten Ultraschallsi-
gnals, das von einem Testobjekt durch die Ultra-
schallsonde (200), die als das Diagnoseziel gesetzt
ist, empfangen wird;

Bestimmen, basierend auf einem Amplitudenrefe-
renzwert, einem Mittenfrequenzreferenzwert und ei-
nem Bandbreitenreferenzwert, von Amplitudenrefe-
renzwerten, Mittenfrequenzreferenzwerten und
Bandbreitenreferenzwerten, die der Mehrzahl von
Ultraschallsonden (200) entsprechen, die der Ultra-
schallsonde (200), die als das Diagnoseziel gesetzt
ist, entspricht, und dem gemessenen Merkmalswert,
ob die Ultraschallsonde (200), die als das Diagno-
seziel gesetzt ist, normal ist;

Erhalten von Anderungsgraden der gemessenen
Amplituden, Mittenfrequenzen und Bandbreiten;
und

Vergleichen der Amplitude, der Mittenfrequenz und
der Bandbreite, die beztiglich jedes der reflektierten
Ultraschallsignale gemessen werden, die durch ei-
ne Mehrzahl von Transducern der Ultraschallsonde
(200), die als das Diagnoseziel gesetzt ist, empfan-
gen werden mit den jeweiligen Amplitudenreferenz-
werten, Mittenfrequenzreferenzwerten und Band-
breitenreferenzwerten, Vergleichen der erhaltenen
Anderungsgrade der gemessenen Amplituden; Mit-
tenfrequenzen und Bandbreiten mit einem Amplitu-
denanderungsreferenzgrad, einem Mittenfrequenz-
anderungsreferenzgrad und einem Bandbreitenan-
derungsreferenzgrad, und Bestimmen, ob die Ultra-
schallsonde (200), die als das Diagnoseziel gesetzt
ist, normal ist, basierend auf den Vergleichsergeb-
nissen.

Verfahren nach Anspruch 12, ferner mit

Gewichten von Vergleichsergebnissen bezuglich
der Amplitude, Mittenfrequenz und Bandbreite, und
von Vergleichsergebnissen bezlglich des Amplitu-
denanderungsreferenzgrads, des Mittenfrequenz-
anderungsreferenzgrads und des Bandbreitenande-
rungsreferenzgrads gemafy Gewichtungsinformati-
on, die der Ultraschallsonde, die als das Diagnose-
ziel gesetzt ist, entspricht, und Bestimmen, basie-
rend auf den gewichteten Vergleichsergebnissen,
ob die Ultraschallsonde, die als das Diagnoseziel
gesetzt ist, normal ist.

Verfahren nach Anspruch 12 oder 13, ferner mit
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Speichern von in der Vergangenheit gemessenen
Amplituden, Mittenfrequenzen und Bandbreiten;
Erhalten von Reduzierungsgraden einer neu gemes-
senen Amplitude, Mittenfrequenz und Bandbreite
bezlglich der gespeicherten Amplituden, Mittenfre-
quenzen und Bandbreiten; und

Vergleichen der erhaltenen Reduzierungsgrade der
Amplitude, Mittenfrequenz und Bandbreite in Bezug
auf Amplitudenreduzierungsreferenzgrade, Mitten-
frequenzreduzierungsreferenzgrade und Bandbrei-
tenreduzierungsreferenzgrade, und Bestimmen, ba-
sierend auf den Vergleichsergebnissen, ob die Ul-
traschallsonde (200), die als das Diagnoseziel ge-
setzt ist, normal ist.

Verfahren nach Anspruch 12, ferner mit

Erhalten eines Amplitudenénderungsgrads, eines
Mittenfrequenzanderungsgrads und eines Band-
breitenanderungsgrads der gemessenen Amplitu-
den, Mittenfrequenzen bzw. Bandbreiten;
Speichern der in der Vergangenheit erfassten Am-
plituden-, Mittenfrequenz- und Bandbreitenande-
rungsgrade;

Erhalten von Reduzierungsgraden von neu erfas-
sten Amplituden-, Mittenfrequenzen- und Bandbrei-
tendnderungsgraden bezlglich der gespeicherten
Amplituden-, Mittenfrequenz- bzw. Bandbreitenan-
derungsgraden;

Vergleichen der erhaltenen Reduzierungsgrade der
Amplitude, Mittenfrequenz bzw. Bandbreite in Bezug
auf die Amplitudenreduzierungsreferenzgrade, Mit-
tenfrequenzreduzierungsreferenzgrade und Band-
breitenreduzierungsreferenzgraden und Bestim-
men, basierend auf den Vergleichsergebnissen, ob
die Ultraschallsonde, die als das Diagnoseziel ge-
setzt ist, normal ist.

Revendications

Appareil diagnostique (700) pour sonde a ultrasons
permettant le diagnostic d’'une sonde a ultrasons
(200), d’'une pluralité de sondes a ultrasons (200),
qui est établie comme cible diagnostique,
comprenant :

une partie de mesure (706) adaptée pour me-
surer une amplitude, une fréquence centrale et
une largeur de bande d’un signal ultrasonique
réfléchi recu d’'un objet d’essai par la sonde a
ultrasons (200) établie comme cible
diagnostique ;

une partie de détermination (710) adaptée pour
déterminer si la sonde a ultrasons (200) définie
comme cible diagnostique est normale, sur la
base d’'une valeur de référence d’amplitude,
d’une valeur de référence de fréquence centrale
et d’'une valeur de référence de largeur de bande
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correspondant a la sonde a ultrasons (200) éta-
blie comme cible diagnostique et incluse dans
des valeurs de référence d’amplitude, des va-
leurs de référence de fréquence centrale et des

diagnostique, et déterminer, sur la base des ré-
sultats de comparaison pondéres, sila sonde a
ultrasons établie comme cible diagnostique est
normale.

62

grés de dégradation d’amplitude, de fréquence
centrale et de largeur de bande nouvellement
mesurées par rapport aux amplitudes, aux fré-
quences centrales et aux largeurs de bande

valeurs de référence de largeur de bande cor- 6 dans la partie de mémorisation (707), et carac-
respondant a la pluralité de sondes a ultrasons térisé en ce que :
et également sur la base de 'amplitude, de la
fréquence centrale et de la largeur de bande la partie de détermination (710) est adaptée
mesureées ; pour comparer les degrés de dégradation
une partie (710) adaptée pour obtenir un degré 170 obtenus de l'amplitude, de la fréquence
de variation de chacune des amplitudes, des fré- centrale et de la largeur de bande aux de-
quences centrales et des largeurs de bande grés de référence de dégradation d’ampli-
mesurées ; et caractérisé en ce que : tude, aux degrés de référence de dégrada-
tion de fréquence centrale et aux degrés de
la partie de détermination (710) estadaptée 75 référence de dégradation de largeur de
pour comparer I'amplitude, la fréquence bande respectifs et déterminer, sur la base
centrale et la largeur de bande mesurées des résultats de comparaison, si la sonde
aveccelles correspondantes des valeurs de a ultrasons (200) établie comme cible dia-
référence d’amplitude, des valeurs de réfé- gnostique est normale.
rence de fréquence centrale et des valeurs 20
de référence de largeur de bande, compa- 4. Appareil (700) selonlarevendication 1 ou 2, qui com-
rer les degrés de variation obtenus des am- prend en outre :
plitudes, des fréequences centrales et des
largeurs de bande mesurées a une valeur une partie de mémorisation (707) adaptée pour
de référence de variation d’amplitude, une 25 mémoriser les degrés de variation d’amplitude,
valeur de référence de variation de fréquen- de fréquence centrale et de largeur de bande
ce centrale et une valeur de référence de acquis dans le passé et
variation de largeur de bande, respective- une partie (710) adaptée pour obtenir des de-
ment et déterminer si la sonde a ultrasons grés de dégradation de degrés de variation
(200) établie comme cible diagnostique est 30 d’'amplitude, de fréquence centrale et de largeur
normale, sur la base des résultats de com- de bande nouvellement mesurés par rapport
paraison. auxdegrés de variation d’amplitude, de fréquen-
ce centrale et de largeur de bande, respective-
2. Appareil (700) selon la revendication 1 ment, mémorisés dans la partie de mémorisa-
caractérisé en ce que : 35 tion (707), et caractérisé en ce que :
la partie de détermination (710) est adaptée la partie de détermination (710) est adaptée
pour pondérer les résultats de comparaison pour comparer les degrés de dégradation
concernant 'amplitude, la fréquence centrale et obtenus de l'amplitude, de la fréquence
la largeur de bande, et les résultats de compa- 40 centrale et la largeur de bande aux degrés
raison concernant le degré de variation d’ampli- de référence de dégradation d’amplitude,
tude, le degré de variation de fréquence centrale aux degrés de référence de dégradation de
et le degré de variation de largeur de bande se- fréquence centrale et aux degrés de réfé-
lon des informations de pondération correspon- rence de dégradation de largeur de bande
dant a la sonde a ultrasons établie comme cible 45 respectifs et déterminer, sur la base des ré-

sultats de comparaison, si la sonde a ultra-
sons (200) établie comme cible diagnosti-
que est normale.

50 5. Appareil (700) selon la revendication 1 ou 2, carac-
3. Appareil (700) selon la revendication 1 ou 2, quicom- térisé en ce que :

prend en outre :

une partie de mémorisation (701) adaptée pour
mémoriser des amplitudes, des fréquences cen-
trales et des largeurs de bande mesurées dans
le passé et

une partie (710) adaptée pour obtenir des de-
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la partie de détermination (710) est adaptée
pourdéterminer un degré de normalité de la son-
de a ultrasons (200) établie comme cible dia-
gnostique sur la base de I'amplitude, de la fré-
quence centrale et de la largeur de bande ou
sur la base des degrés de variation de I'ampli-
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tude, de la fréquence centrale et de la largeur
de bande ou sur la base a la fois de I'amplitude,
de la fréquences centrale et de la largeur de
bande et des degrés de variation de I'amplitude,
de la fréquence centrale et de la largeur de ban-
de.

6. Appareil diagnostique a ultrasons (700), dans lequel
une pluralité de sondes a ultrasons (200) est sélec-
tivement montée afin d’obtenir des informations de
diagnostic sur un sujet qui doit étre examiné sur la
base d’une onde ultrasonique réfléchie recue du su-
jet par la sonde a ultrasons montée (200),
comprenant :

une partie de mesure (706) adaptée pour me-
surer une amplitude, une fréquence centrale et
une largeur de bande d’un signal ultrasonique
réfléchi regcu d’'un objet d’essai par la sonde a
ultrasons (200) montée ;

une partie de détermination (710) adaptée pour
déterminer sila sonde a ultrasons (200) montée
est normale, sur la base d’une valeur de réfé-
rence d’amplitude, d’'une valeur de référence de
fréquence centrale et d’'une valeur de référence
de largeur de bande correspondant a la sonde
a ultrasons (200) montée et incluse dans des
valeurs de référence d’amplitude, des valeurs
de référence de fréquence centrale et des va-
leurs de référence de largeur de bande corres-
pondant a la pluralité de sondes a ultrasons et
également sur la base de 'amplitude, de la fré-
quence centrale et de la largeur de bande
mesurées ;

une partie (710) adaptée pour obtenir des de-
grés de variation des amplitudes, des fréquen-
ces centrales et des largeurs de bande
mesurées ; et dans lequel

la partie de détermination (710) est adaptée
pour comparer 'amplitude, la fréquence centra-
le et la largeur de bande mesurées a celles cor-
respondantes des valeurs de référence d’ampli-
tude, des valeurs de référence de fréquence
centrale et des valeurs de référence de largeur
de bande, comparer les degrés de variation ob-
tenus aundegré de référence de variation d’am-
plitude, un degré de référence de variation de
fréquence centrale et un degré de référence de
variation de largeur de bande, respectivement,
et déterminer si la sonde a ultrasons montée est
normale, sur la base des résultats de comparai-
son.

7. Appareil (700) selon la revendication 6,
caractérisé en ce que :

la partie de détermination (710) est adaptée
pour pondérer, en fonction d’informations de
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pondération correspondant a la sonde a ultra-
sons montée, les résultats de comparaison con-
cernant 'amplitude, la fréquence centrale et la
largeur de bande mesurées, et les résultats de
comparaison concernant les degrés de variation
obtenus et déterminer si la sonde a ultrasons
montée est normale sur la base des résultats de
comparaison pondérés.

8. Appareil (700) selon la revendication 6, comprenant
en outre :

une partie (710) adaptée pour pondérer, en
fonction des informations de pondération cor-
respondant a la sonde a ultrasons montée, I'am-
plitude, la fréquence centrale et la largeur de
bande mesurées par rapport auxdits signaux ul-
trasoniques réfléchis respectifs regus par ladite
pluralité de transducteurs de la sonde a ultra-
sons montée, et caractérisé en ce que :

la partie de détermination (710) est adaptée
pour utiliser 'amplitude, la fréquence cen-
trale et la largeur de bande pondérées afin
de déterminer si la sonde a ultrasons mon-
tée (200) est normale.

9. Appareil (700) selon la revendication 6, comprenant
en outre :

une partie (711) adaptée pour acquérir des de-
grés de variation de 'amplitude, de la fréquence
centrale et de la largeur de bande mesurées et
une partie (710) adaptée pour pondérer, en
fonction d’informations de pondération corres-
pondant a la sonde a ultrasons montée, chacun
des degrés de variation de 'amplitude, de la fré-
quence centrale et de la largeur de bande obte-
nus par rapport aux signaux ultrasoniques réflé-
chis regus par ladite pluralité de transducteurs,
et caractérisé en ce que :

la partie de détermination (710) est adaptée
pour utiliser les degrés de variations pon-
dérés de 'amplitude, de la fréquence cen-
trale et de la largeur de bande afin de dé-
terminer si la sonde a ultrasons montée
(200) est normale.

10. Appareil (700) selon la revendication 6, qui com-
prend également :

une partie de mémorisation (707) adaptée pour
mémoriser des amplitudes, des fréquences cen-
trales et des largeurs de bande mesurées dans
le passé et

une partie (710) adaptée pour obtenir des de-
grés de dégradation d’amplitude, de fréquence
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centrale et de largeur de bande nouvellement
mesurées par rapport aux amplitudes, aux fré-
quences centrales et aux largeurs de bande mé-
morisées dans la partie de mémorisation (707),
et caractérisé en ce que :

la partie de détermination (710) est adaptée
pour comparer les degrés de dégradation
obtenus de l'amplitude, de la fréquence
centrale etdelalargeurde bande aundegre
de référence de dégradation d’amplitude,
un degré de référence de dégradation de
fréquence centrale et un degré de référence
de dégradation de largeur de bande et dé-
terminer, sur la base des résultats de com-
paraison, si la sonde a ultrasons montée
(200) est normale.

11. Appareil (700) selon la revendication 6, qui com-
prend en outre :

une partie d’acquisition adaptée pour acquérir
un degré de variation d’amplitude, un degré de
variation de fréquence centrale et un degré de
variation de largeur de bande d’amplitudes, de
fréquences centrales et de largeurs de bande
mesurées, respectivement ;

une partie de mémorisation (707) adaptée pour
mémoriser des degrés de variation d’amplitude,
de fréquence centrale et de largeur de bande
acquis dans le passé, et

une partie (710) adaptée pour obtenir des de-
grés de dégradation respectifs de degrés de va-
riations d’amplitude, de fréquence centrale etde
largeur de bande nouvellement acquis par rap-
port aux degrés de variation d’amplitude, de fré-
quence centrale et de largeur de bande mémo-
risés dans la partie de mémorisation (707), et
caractérisé en ce que :

la partie de détermination (710) estadaptée
pour comparer les degrés de dégradation
obtenus des degrés de variation d’amplitu-
de, de fréquence centrale et de largeur de
bande a un degrés de référence de dégra-
dation d’amplitude, un degré de référence
de dégradation de fréquence centrale et un
degré de référence de dégradation de lar-
geur de bande et déterminer si la sonde a
ultrasons montée (200) est normale, sur la
base des résultats de comparaison.

12. Procédé diagnostique pour sonde a ultrasons pour
diagnostiquer une sonde a ultrasons (200), d'une
pluralité de sondes a ultrasons (200), qui est établie
comme cible diagnostique, caractérisé en ce qu’il
comprend les étapes consistant a :

10

15

20

25

30

35

40

45

50

55

34

66

mesurer une amplitude, une fréquence centrale
et une largeur de bande d’un signal ultrasonique
réfléchi regu d’'un objet d’essai par la sonde a
ultrasons  (200) établie comme cible
diagnostique ;

déterminer, sur la base d’'une valeur de référen-
ce d’amplitude, d’'une valeur de référence de fré-
qguence centrale et d’'une valeur de référence de
largeur de bande, de valeurs de référence d’am-
plitude, de valeurs de référence de fréquence
centrale et de valeurs de référence de largeur
de bande correspondant a ladite pluralité de
sondes a ultrasons (200), qui correspond a la
sonde a ultrasons (200) établie comme cible dia-
gnostique et a la valeur de la particularité me-
surée, sila sonde a ultrasons (200) établie com-
me cible diagnostique est normale ;

obtenir des degrés de variation d’'amplitudes, de
fréquences centrales et de largeurs de bande
mesurées ; et

comparer, avec les valeurs de référence d’am-
plitude, les valeurs de référence de fréquence
centrale et les valeurs de référence de largeur
de bande respectives, 'amplitude, la fréquence
centrale et la largeur de bande mesurées par
rapport a chacun des signaux ultrasoniques ré-
fléchis regus par une pluralité de transducteurs
de la sonde a ultrasons (200) établie comme
cible diagnostique, comparer les degrés de va-
riation obtenus des amplitudes, des fréquences
centrales et des largeurs de bande mesurées a
un degré de référence de variation d’amplitude,
un degré de référence de variation de fréquence
centrale et un degré de référence de variation
de largeur de bande, respectivement, et déter-
miner si la sonde a ultrasons (200) établie com-
me cible diagnostique est normale, sur la base
des résultats de comparaison.

13. Procédé selon la revendication 12, consistant en
outre a:

pondérer des résultats de comparaison concer-
nant I'amplitude, la fréquence centrale et la lar-
geur de bande, et des résultats de comparaison
concernant le degré de référence de variation
d’'amplitude, le degré de référence de variation
de fréquence centrale et le degré de référence
de variation de largeur de bande selon des in-
formations de pondération correspondant a la
sonde a ultrasons établie comme cible diagnos-
tique et déterminer, sur la base des résultats de
comparaison pondérés, si la sonde a ultrasons
établie comme cible diagnostique est normale.

14. Procédé selon la revendication 12 ou 13, compre-
nant en outre les étapes consistant a :
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mémoriser des amplitudes, des fréquences cen-
trales et des largeurs de bande mesurées dans

le passé ;

obtenir des degrés de dégradation d’'une ampli-
tude, d’une fréquence centrale et d’'une largeur 5
de bande nouvellement mesurées par rapport

aux amplitudes, fréquences centrales et lar-
geurs de bande mémorisées ; et

comparer les degrés de dégradation obtenus de
'amplitude, de la fréquence centrale etde lalar- 10
geur de bande aux degrés de référence de dé-
gradation d’amplitude, aux degrés de référence

de dégradation de fréquence centrale et aux de-
grés de référence de dégradation de largeur de
bande et déterminer, sur la base des résultats 15
de comparaison, si la sonde a ultrasons (200)
établie comme cible diagnostique est normale.

15. Procédé selon la revendication 12, comprenant en
outre les étapes consistant a : 20

obtenir un degré de variation d’amplitude, unde-

gré de variation de fréquence centrale et un de-

gré de variation de largeur de bande des ampli-
tudes, fréquences centrales et largeurs de ban- 25
de mesurées, respectivement ;

mémoriser les degrés de variation d’amplitude,

de fréquence centrale et de largeur de bande
acquis dans le passé ;

obtenir des degrés de dégradation des degrés 30
de variation d’amplitude, de fréquence centrale

et de largeur de bande nouvellement acquis par
rapport aux degrés de variation d’amplitude, de
fréquence centrale et de largeur de bande mé-
morisés respectivement ; 35
comparer les degrés de variation obtenus de
I'amplitude, la fréquence centrale et la largeur

de bande mesurées aux degrés de référence de
dégradation d’amplitude, aux degrés de référen-

ce de dégradation de fréquence centrale etaux 40
degrés de référence de dégradation de largeur

de bande, et déterminer, sur la base des résul-

tats de comparaison, sila sonde a ultrasons éta-

blie comme cible diagnostique est normale.
45

50

55
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Probe Evaluation Report OQO0 hospital
Customer site/section name [ OQQ hospital inspection section ]
Address |0tawara, Tochigi Prefecture
Probe model name [PST-30BT ]
Probe serial number [ Unknown(031201134527
Maintenance contract number | Unknown
Probe Test .
Reference check data PASS PASS PASS PASS |
(03/12/01)
Check data PASS PASS | PASS [ EMLZ~1i
— 1 | | ]
Left 3/4 1/4 Right

Mid .
Probe Channel Position

Computed Simulation Model Image

—O B

Reference probe image Check probe image

Appearance state of probe Good Bad

Cable unit
Connector- unit

Comprehensive determination FAIL

Electrical determination : FAIL
Appearance state : PASS

Remarks

Performance date of check 03/12/05 Performer  John Smith

FI1G. 34
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