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ULTRASOUND OBSERVATION DEVICE AND
METHOD FOR CONTROLLING OPERATION
THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound obser-
vation device to display an ultrasound image, and a method
for controlling operation of the ultrasound observation
device.

BACKGROUND OF THE INVENTION

[0002] Inthe field of medicine, ultrasound diagnostic appa-
ratus is used for diagnosis of those regions unsuitable for
X-ray examination. A typical ultrasound diagnostic apparatus
includes an ultrasound probe for transmitting ultrasound
waves to a region in a patient’s body cavity and receiving
reflected ultrasound waves, or echoes, from that region, and
an ultrasound observation device connected to the ultrasound
probe. The ultrasound observation device applies various
types of signal processing to the echo signal received by the
ultrasound probe, and generates image data. Based on this
image data, an ultrasound image is displayed on a monitor.
[0003] Generally, the ultrasound observation devices have
a function of switching over ultrasound images displayed on
the monitor in accordance with the position of a lesion or a
region of interest. For example, this switching function
allows changing a display range in a depth direction (display
depth), rotating and shifting horizontally the ultrasound
image on the monitor. In response to a switching operation
that an operator has made, the ultrasound observation device
performs a corresponding display switching process, and dis-
plays the resultant ultrasound image on the monitor.

[0004] To facilitate the switching operation, Japanese
Patent laid-open Publication No. 2002-315753 discloses an
ultrasound diagnostic apparatus having a console with a track
ball for rotating or moving the image step by step and con-
tinuously. There is also disclosed an ultrasound diagnostic
system having a special operating member (a dial, for
example) to change the display depth (see, Japanese Patent
laid-open Publication No. 2007-313202).

[0005] These rotary operating members generate a switch-
ing signal (pulse) every time they are rotated by a predeter-
mined angle, and the display depth or the like is determined
according to the number of the switching pulses. On the other
hand, the display switching process is performed by a single
processing circuit. Once the display switching process is
started, the single processing circuit cannot accept the subse-
quent switching pulse until the completion of the running
process. Accordingly, the operating member has to be rotated
continuously, otherwise only a part of the switching pulses is
accepted, and the display on the monitor becomes different
from the one intended. In view of this, the conventional ultra-
sound observation device gives a fixed waiting time to each
switching pulse, so that the display switching process is not
started until the waiting time elapsed after the last switching
pulse is generated. However, the waiting time after each
switching pulse prolongs the time taken to switch the display
of the ultrasound image, and annoys the operator.

[0006] In addition, since every operator makes the switch-
ing operation at different speed, the fixed waiting time may be
inconvenient to some operators. For example, when a rela-
tively short waiting time is established on the basis of a fast
operator, the slow operators have trouble to make the switch-
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ing operation fast enough to generate the next switching pulse
within the waiting time. In this instance, the switching opera-
tion has to be made once again after the already-initiated
display switching process is completed. By contrast, when a
relatively long waiting time is established on the basis of the
slow operator, the fast operators have to wait long after the
switching operation.

SUMMARY OF THE INVENTION

[0007] In view of the foregoing, it is a main object of the
present invention to provide an ultrasound observation device
and a method for controlling operation thereof to establish an
optimum waiting time according to switching operation
speed.

[0008] Another object of the present invention is to provide
an ultrasound observation device and a method for control-
ling operation thereof to reduce the time taken to switch the
display of an ultrasound image.

[0009] In order to achieve the above and other objects, the
ultrasound observation device according to the present inven-
tion includes a monitor for displaying an ultrasound image, an
operating member to be operated for switching the display of
the ultrasound image, a pulse generator, a detector for detect-
ing a generation state of the switching pulse, a waiting time
determiner, and a processor for executing display switching
process. The pulse generator generates a switching pulse
every time the operating member is operated by a predeter-
mined amount. Based on the generation state of the switching
pulse, the waiting time determiner determines a waiting time
T to start the display switching process of the ultrasound
image after generation of each switching pulse. When the
waiting time elapsed after the generation of the switching
pulses stops, the processor executes the display switching
process corresponding to the number of the switching pulses
generated.

[0010] Preferably, the detector includes a timer for measur-
ing generation intervals At,(i=1, 2, . . ., n—1) between each of
the switching pulses. Based on the generation intervals At,,
the waiting time determiner determines the waiting time T.
[0011] In one aspect of the present invention, the detector
further includes a counter for counting the number n of the
switching pulses. The waiting time determiner determines the
waiting time T, based on the average of the generation inter-
vals At; calculated by ZAt,/n-1.

[0012] Alternatively, the waiting time T may be deter-
mined, based on the latest generation interval At,_, of the
switching pulses or the longest generation interval At,, .
among the generation intervals At,. Still alternatively, the
waiting time T may be determined by adding an additional
time Tct to on one of the average of the generation intervals
At,, the latest generation interval At,,_,, and the longest gen-
eration interval At,, .

[0013] Preferably, the processor terminates the ongoing
display switching process when a switching pulse is gener-
ated during the display switching process, and starts new
display switching process under the conditions correspond-
ing to the total number of the switching pulses generated.
[0014] Ttis also preferred that the detector detects whether
or not the operating member is being operated, so as to detect
stoppage of generation of the switching pulses. For this pur-
pose, the pulse generator preferably includes first and second
rotary discs rotated by the operating member, switching pulse
cutouts arranged at regular intervals on the first rotary disc,
rotation detection cutouts arranged on the second rotary disc
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at regular intervals shorter than the intervals of the switching
pulse cutouts, a first photoelectronic sensor for detecting the
switching pulse cutouts and generating the switching pulses,
and a second photoelectronic sensor for detecting the rotation
detection cutouts and generating rotation detection pulses.
The detector uses the rotation detection pulses to detect
whether or not the operating member is being operated.

[0015] The display switching process is preferably one of
display depth change, rotation and horizontal shift of the
ultrasound image.

[0016] In another aspect of the present invention, an ultra-
sound observation device includes the monitor, the operating
member, the pulse generator, the detector, a memory, the
waiting time determiner, and the processor for executing dis-
play switching process. The memory stores the generation
state of the switching pulse as an operation history of the
operating member. The waiting time determiner determines a
waiting time T, based on the operation history in the memory.

[0017] Preferably, the memory stores the operation history
for each operator. Still preferably, the memory stores genera-
tion intervals At,(i=1, 2, .. ., n-1) between each of n-switch-
ing pulses as the operation history. In this case, the waiting
time determiner determines the waiting time T based on the
average of said generation intervals At, calculated by ZAt,/n-
1

[0018] In still another aspect of the present invention, an
ultrasound observation device includes the monitor, the oper-
ating member, the pulse generator, and the processor that
starts display switching process immediately after the gen-
eration of a switching pulse. When a subsequent switching
pulse is generated during the display switching process, the
processor terminates the ongoing display switching process
and starts new display switching process under the conditions
corresponding to the total number of the switching pulses
generated.

[0019] In yet another aspect of the present invention, an
ultrasound observation device includes the monitor, the oper-
ating member, the pulse generator, a first for detecting the
generation state of the switching pulse, a second detector for
detecting whether or not the operating member is being opet-
ated, and the processor. The processor starts the display
switching process when the first detector detects the switch-
ing pulse and when the second detector detects that the oper-
ating member is not operated. On the other hand, the proces-
sor does not start the display switching process when the first
detector detects the switching pulse and when the second
detector detects that the operating member is operated.

[0020] A method for controlling operation of an ultrasound
observation device, according to the present invention
includes the steps of generating a switching pulse when an
operating member is operated, detecting a generation state of
the switching pulse, determining a waiting time T, and execut-
ing the display switching process. The operating member is
operated to switch the display of the ultrasound image. The
switching pulseis generated every time the operating member
is operated by a predetermined amount. In the waiting time
determining step, the waiting time T to start the display
switching process after generation of each said switching
pulse is determined based on the generation state of the
switching pulse. The display switching process correspond-
ing to the number of the switching pulses generated is
executed when the waiting time elapsed after the generation
of the switching pulses stops.
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[0021] 1Inanother aspect of the present invention, a method
for controlling operation of an ultrasound observation device
includes the steps of generating a switching pulse, detecting a
generation state of the switching pulse, storing the generation
state of the switching pulse as an operation history of an
operating member, determining a waiting time T, and execut-
ing display switching process. In the waiting time determin-
ing process, the waiting time T to start the display switching
process after generation of each switching pulse is deter-
mined based on the operation history.

[0022] According to the present invention, the waiting time
T to start the display switching process is determined accord-
ing to a switching pulse generation state. Additionally, an
optimum waiting time T is established according to the opera-
tion speed of the operating member. Further, the display
switching process is started in shorter time than the conven-
tional case using a fixed waiting time. It is therefore possible
to reduce the time taken to switch the display of an ultrasound
image, and to avoid annoying the operator.

[0023] The switching pulse generation state is recorded as
an operation history, and the waiting time T is determined on
the basis of the operation history. This allows establishing an
optimum waiting time T that reflects the past switching pulse
generation states. Further, the waiting time T 1s determined in
accordance with the generation interval of the switching
pulses. It is therefore possible to establish an optimum wait-
ing time T separately for each of the operators who make the
switching operation at different speed.

[0024] Since the display switching process is started imme-
diately after the generation of the switching pulse, the time
taken to switch the display of the ultrasound image can be
much reduced.

[0025] The second detector detects whether or not the
operation member is being operated, and serves to prevent the
display switching process from starting in the middle of the
switching operation. It is possible to prevent repetition of the
switching operation, and reduce the time taken for display
switching and annoyance for the operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above objects and advantages of the present
invention will become more apparent from the following
detailed description when read in connection with the accom-
panying drawings, in which:

[0027] FIG. 1isa block diagram of an ultrasound diagnos-
tic apparatus according to the present invention;

[0028] FIG. 2is a plan view of a console with a depth knob;
[0029] FIG. 3A is an explanatory view of an ultrasound
image at a shallow display depth;

[0030] FIG. 3B is an explanatory view of an ultrasound
image at a deep display depth;

[0031] FIG. 4 is an explanatory view of waiting time and
switching pulses;

[0032] FIG. 5isa flow chart for changing the waiting time;
[0033] FIG. 6 s a block diagram of an ultrasound diagnos-
tic apparatus according to the second embodiment of the
present invention;

[0034] FIG. 7 is an explanatory view of waiting time and
switching pulses in the second embodiment;

[0035] FIG. 8 is a flow chart for changing the waiting time
and updating operation history data;

[0036] FIG. 9 isaflow chart of a display switching process
without the waiting time;
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[0037] FIG.10is aflow chart in the second embodiment for
processing the switching pulse generated after the waiting
time;

[0038] FIG. 11 is a schematic perspective view of a depth
knob and rotary encoders;

[0039] FIG. 12 is a plan view of a console with depth
buttons; and
[0040] FIG. 13 shows a touch screen monitor and a depth

window displayed thereon.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Referring to FIG. 1, an ultrasound diagnostic appa-
ratus 2 includes an ultrasound endoscope (hereinafter, endo-
scope) 10 and an ultrasound observation device 11 (herein-
after, observation device) connected to the endoscope 10. The
ultrasound diagnostic apparatus 2 radiates ultrasound waves
into a target region and receives the reflections as echo sig-
nals. Then, the ultrasound diagnostic apparatus 2 applies
various types of signal processing to the echo signals, and
generates an ultrasound image that is a representation of an
internal structure of the target region. This ultrasound image
is displayed on a monitor 21 connected to the observation
device 11.

[0042] The endoscope 10 has a long slender insertion sec-
tion to be inserted into a patient’s body cavity, and a CCD
imager (not shown) for capturing an optical image and an
ultrasound transducer array 12 for obtaining an ultrasound
imageboth provided ata distal end of the insertion section. An
optical image captured by the CCD imager is transmitted to
an endoscope processor (not shown) connected to the endo-
scope 10, and applied to the signal processing, and then
displayed as an endoscopic image on a monitor device (not
shown).

[0043] Theultrasound transducer array 12 is composed ofa
plurality of transducer elements arranged at regular intervals
on a backing material having, for example, a convex shape. As
is well known, each transducer element oscillates in response
to an excitation signal transmitted from a transmitter 13 of the
observation device 11, and radiates ultrasound waves into an
opposing target region. Each transducer element also receives
an echo signal, which is the ultrasound waves reflected off the
target region, and transmits the echo signal to a receiver 14 of
the observation device 11. The transmitter 13 and the receiver
14 are coupled alternately to the transducer elements through
a multiplexer (MUX) 15. The MUX 15 selects and activates
adjacent N-transducer elements (several to dozens) at once.
Atevery single sequence of transmission and reception of the
ultrasound wave and the echo signal, the MUX 15 shifts one
to several transducer elements to be activated in a certain
direction. In the case of shifting two transducer elements at a
time, for example, each transducer element is activated N/2
times.

[0044] N-numbers of the echo signals received at once on
the receiver 14 are digitized in an A/D converter 16, and
transmitted to a signal processing circuit 17. The signal pro-
cessing circuit 17 delays the echo signals of each transducer
element (in this instance, N/2 echo signals) by an appropriate
period so as to bring all the echo signals in phase, and sums up
the echo signals. Then, the signal processing circuit 17
applies signal processing, such as a filter process to remove
ultrasound carrier components and alog compression process
to adjust gain and a dynamic range, to the summed echo
signal. The signal processing circuit 17 applies final image
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processing, including sensitivity time control (STC) in accor-
dance with a propagation distance (depth) of the ultrasound
waves, and generates ultrasound image data.

[0045] Theultrasound image data is transmitted to a digital
scan converter (DSC) 18. The DSC 18 performs raster con-
version to convert the ultrasound image data into NTSC data,
and stores the data in an image memory 19. This ultrasound
image data is retrieved by a D/A converter 20 and converted
again into an analog signal, and displayed as an ultrasound
image on the monitor 21.

[0046] Theobservation device 11 is controlled entirely by a
control circuit 22. The control circuit 22 sends a reference
pulse to the transmitter 13 and the receiver 14, and controls
the transmission and reception timing of the excitation signal
and the echo signal. In response to an operation to switch the
display of an ultrasound image, the control circuit 22 gener-
ates the corresponding ultrasound image data by adjusting the
voltage of the excitation signal to change the propagation
distance of the ultrasound waves (ultrasound power), and
controlling the signal process in the signal processing circuit
17 and the conversion process in the DSC 18.

[0047] The control circuit 22 is connected to a ROM 23, a
RAM 24 and aconsole 25. The ROM 23 is a flash memory, for
example, and stores various operating programs and data for
operating the ultrasound diagnostic apparatus 2. The control
circuit 22 retrieves necessary programs and data from the
ROM 23 to the RAM 24, which is a working memory, and
runs these programs to control each component of the obser-
vation device 11. The ROM 23 also stores a plurality of
parameters for operating conditions (excitation signal voltage
levels, transmission and reception timings, etc) for the trans-
mitter 13 and the receiver 14, signal processing conditions for
the signal processing circuit 17 and conversion process con-
ditions for the DSC 18.

[0048] The console 25 is a user interface of the observation
device 11, and enters various command signals into the con-
trol circuit 22. As shown in FIG. 2, the console 25 includes a
power switch 30 for turning on/off the ultrasound diagnostic
apparatus 2, an alphabetic key set 31 for entering setup infor-
mation and the like, a track ball 32 for moving a cursor or a
pointer on the monitor 21, a set button 33 for confirming an
operation entry, and a cancel button 34 for cancelling the
entry.

[0049] The console 25 is also equipped with a depth knob
35 for switching (changing) a display range in a depth direc-
tion (hereinafter, display depth) of the ultrasound image on
the monitor screen. Clockwise rotation of the depth knob 35
increases the display depth, and counterclockwise rotation
decreases the display depth. The depth knob 35 is linked to a
pulse generator 35a. The depth knob 35 clicks every prede-
termined rotation angle, and the pulse generator 354 gener-
ates a switching pulse (switching signal) each time the depth
knob 35 clicks. A positive voltage switching pulse (positive
pulse) is generated upon clockwise rotation of the depth knob
35, and a negative voltage switching pulse (negative pulse) is
generated upon counterclockwise rotation of the depth knob
35.

[0050] The control circuit 22 determines the display depth
based on a generation state (positive or negative, and the
number) of the switching pulses. The control circuit 22
retrieves the conditions corresponding to the determined dis-
play depth from the ROM 23, and activates the transmitter 13,
the receiver 14, the signal processing circuit 17 and the DSC
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18 under these conditions. The ultrasound image is displayed
at the determined display depth on the monitor 21.

[0051] Forexample, whenan ultrasound image is displayed
on the monitor 21 as shown in FIG. 3A and the depth knob 35
is rotated clockwise, the control circuit 22 increases the ultra-
sound power by the level corresponding to the amount of
rotation, and transmits the ultrasound waves to an even deeper
area of the target region. The control circuit 22 conducts the
signal processing and the conversion process according to the
display depth, and generates ultrasound image data to display
an ultrasound image on the monitor 21. The display on the
monitor 21 is now switched to the one shown in FIG. 3B ata
deeper display depth.

[0052] In contrast, when an ultrasound image is displayed
on the monitor 21 as shown in FIG. 3B and the depth knob 35
is rotated counterclockwise, the control circuit 22 decreases
the ultrasound power, and changes the conditions of the signal
processing and the conversion process. The display on the
monitor 21 is now switched to the one shown in FIG. 3A ata
shallower display depth. Along with this display depth
change, a scale on the right side of the monitor screen is also
changed to show current magnification of the ultrasound
image. Meanwhile, the depth knob 35 may be configured to
decrease the display depth upon clockwise rotation and
increase the display depth upon counterclockwise rotation.
[0053] Referring back to FIG. 1, the control circuit 22
includes a timer 26, a counter 27 and a waiting time deter-
miner 28. The counter 27 counts the number of the switching
pulses. The waiting time determiner 28 determines a waiting
time to start the signal processing every time the switching
pulse is generated. Within the waiting time, the subsequent
switching pulse is acceptable. The timer 26 counts a lapse of
the waiting time.

[0054] When a first switching pulse is generated, the wait-
ing time determiner 28 sets a preset initial value of the ROM
23 as a waiting time T,,. On the basis of an average operating
speed of the depth knob 35, this initial value is determined to
100 msec, for example. When the timer 26 counts up the
waiting time T, absent a second switching pulse, the control
circuit 22 retrieves the conditions corresponding to one
switching pulse from the ROM 23. Under these conditions,
the control circuit 22 performs the display switching process,
and generates ultrasound image data of a different display
depth. An ultrasound image of this ultrasound image data is
displayed on the monitor 21, and the display depth is
switched.

[0055] When a second switching pulse is generated within
the waiting time T, on the other hand, the control circuit 22
enters a count of the timer 26 at that point into the waiting time
determiner 28, and resets and starts the timer 26. Every time
a switching pulse is generated within the waiting time T, the
control circuit 22 enters a count of the timer 26 into the
waiting time determiner 28, and resets and starts the timer 26.
[0056] The waiting time determiner 28 determines a wait-
ing time T, based on the cont entered from the timer 26. For
example, when n-switching pulses are generated and trans-
mitted sequentially to the contro] circuit 22, the waiting time
determiner 28 stores a generation interval At, of each two
successive switching pulses through the first to n-th switching
pulses (i=1, 2, . . . n—1). These generation intervals At, are
averaged (ZAt,/n-1), and a predetermined additional time T__
is added to this average value. The waiting time determiner 28
sets the calculated value as the waiting time T {(ZAt,/n-1)+
T,}. The additional time T, gives a margin of time to allow
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the generation interval to slightly exceed the average value,
and is assigned an appropriate value.

[0057] Practically, the waiting time T is determined every
time the switching pulse is generated. As shown in FIG. 4,
when the second switching pulse is generated within the
waiting time T, a waiting time T is determined by adding the
additional time T, to the generation interval At, between the
firstand second switching pulses. This generation interval At
is temporarily stored in a memory such as the RAM 24. When
athird switching pulse is generated within the waiting time T
that has started upon the generation of the second switching
pulse, the waiting time determiner 28 firstly retrieves the
generation interval At, from the RAM 24, and calculates the
average generation interval by adding a generation interval
At, between the second and third switching pulses to the
generation interval At, and dividing the sum by the number of
pulse intervals (3—1=2). Then, the waiting time determiner 28
adds the additional time T, to this average generation interval
to determine a waiting time T,. The generation interval At, is
then temporarily stored in the RAM 24.

[0058] When a forth switching pulse is generated within the
waiting time T, after the third switching pulse, the waiting
time determiner 28 retrieves the generation intervals At, and
At, from the RAM 24, and calculates the average generation
interval by adding an generation interval At; between the third
and forth switching pulses to the generation intervals At,, At,
and dividing the sum by the number of pulse intervals
(4-1=3). Then, the additional time T, is added to the average
generation interval, and the sum is determined as a waiting
time T,. When a waiting time T,,_ elapsed after the genera-
tion of the n-th switching pulse, the display switching process
is started according to n-switching pulses. At the same time,
the counter 27 and the previous generation intervals in the
RAM 24 are reset. For decimal numbers in the average gen-
eration interval, it is preferred to decide how to process the
decimal numbers (rounding up, rounding down or such) pre-
viously.

[0059] Next, with reference to a flow chart of FIG. 5, the
operation of the above observation device 11 is explained.
When the depth knob 35 is rotated by one click, the pulse
generator 354 working together with the depth knob 35 gen-
erates and transmits a first switching pulse to the control
circuit 22 (S1). For the first switching pulse, the initial value
(100 msec) in the ROM 23 is determined as the waiting time
T,, and the timer 26 is started. When the waiting time T,
elapsed without the generation of a second switching pulse
(YES in S2), the display switching process is started under the
conditions corresponding to one switching pulse (S8).
[0060] When the depth knob 35 is rotated by one more
click, the pulse generator 35a generates the second switching
pulse. If the second switching pulse is generated within the
waiting time T, (YES in S3), the waiting time determiner 28
calculates the generation interval At, (S4), and determines the
waiting time T, using the generation interval At, (S5). This
sequence of steps S4 and S5 is repeated every time a subse-
quent switching pulse is generated within the current waiting
time T, and a new waiting time T is determined (NO in S6).
[0061] No switching pulse is generated without further
rotation of the depth knob 35. When the current waiting time
T elapsed absent of a subsequent switching pulse (YES in
S6), the display switching process corresponding to the sum
total of the switching pulses generated is started (S8), and the
display of the ultrasound image is switched on the monitor 21
(59).
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[0062] The depth knob 35 returns to the initial position as
the operator releases his hand from it. When the depth knob
35 is rotated again by one click, the pulse generator 35a
generates a first switching pulse to start the display switching
process corresponding to one switching pulse. Alternatively,
the depth knob 35 may be configured to stay in the rotated
position. In this case, the counter 27 is not reset. When the
depth knob 35 is rotated again by several clicks, the pulse
generator 35a generates the same number of switching pulses
as the clicks. These new switching pulses are added to the
previous switching pulses, and the display switching process
is executed according to the total number of the switching
pulses.

[0063] Instead of using the average generation interval, the
latest generation interval (between the last and previous
switching pulses) may be used for determining the waiting
time T. In this case, every time the switching pulse is gener-
ated, thewaiting time T is determined by adding a count of the
timer 26 (namely, a generation interval At,_, between the this
time’s switching pulse and the previous switching pulse) and
the additional Time T,

[0064] Alternatively, the longest generation interval may
be used for determining the waiting time T. In this case, the
generation interval At, between the first and second switching
pulses is stored in the RAM 24, as in the case of the average
generation interval. The generation interval in the RAM 24 is
defined as a generation interval At,,, .., which is only overwrit-
ten by a longer generation interval. The waiting time T is
determined by adding the generation interval At and the
additional Time T ,. This configuration can eliminate the pro-
cess to calculate the average generation interval. Further-
more, it may be possible to allow the operators to select one of
the average generation interval (XAt,/n-1), the latest genera-
tion interval (At,_;) and the longest generation interval (At-
max)'

[0065] Although the waiting time is calculated for each
switching operation in the above embodiment, it may be
calculated for a series of switching operations. In this
instance, as shown in FIG. 6, an operation history database 29
is used to store a plurality of past generation intervals as an
operation history. In FIG. 6, the elements similar to those in
the first embodiment are designated by the same reference
numerals, and the detailed explanations thereof are omitted.
[0066] In FIG. 6, the control circuit 22 includes the timer
26, the waiting time determiner 28 and an operation history
database 29. The operation history database 29 stores the
previous n-generation intervals, measured on the timer 26, as
operation history data. Every time the switching operation is
performed to create new data, the oldest operation history
data is deleted. The number of the operation history data, or
the generation intervals, being stored is predetermined appro-
priately in accordance with the capacity of the operation
history database 29.

[0067] The control circuit 22 operates the waiting time
determiner 28 to determine the waiting time T upon or before
the generation of a first switching pulse. The waiting time
determiner 28 retrieves the generation intervals At,(i=1, 2, ..
. n-1) from the operation history database 29. The waiting
time determiner 28 calculates the average of the generation
intervals At,(ZAt/n-1), and adds an additional time T,
retrieved from the ROM 23 to the average generation interval
to determine the waiting time T{(ZAt/n-1)+T}.

[0068] Forexample, providing that the generation intervals
often switching pulses be stored as the operation history data,
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nine generation intervals At, to At are stored in the operation
history database 29. The waiting time determiner 28 retrieves
these nine generation intervals At; to At, from the operation
history database 29, and determines the calculation of (At, +
Aty+ ... At)/9+T , as the waiting time T. The ROM 23 stores
an initial value of the waiting time T. When there is no opera-
tion history data stored in the operation history database 29,
this initial value is set as the waiting time T.

[0069] When the waiting time T elapsed without a second
switching pulse, the control circuit 22 retrieves the conditions
corresponding to one switching pulse from the ROM 23.
Then, the control circuit 22 performs the display switching
process under the retrieved conditions, and generates ultra-
sound image data of different display depth. An image of this
ultrasound image data is displayed on the monitor 21, and the
display depth is switched.

[0070] On the other hand, as shown in FIG. 7, when the
second switching pulseis generated within the waiting time T,
the control circuit 22 temporarily stores a count of the timer
26 at that point, or namely a generation interval At', between
the first and second switching pulses, in the RAM 24. Then,
the control circuit 22 resets and starts the timer 26. When a
third switching pulse is generated within the waiting time T
that has started upon the generation of the second switching
pulse, the control circuit 22 stores a generation interval At',
between the second and third switching pulses in the RAM
24, and resets and starts the timer 26. In this manner, every
time a subsequent switching pulse is generated at a shorter
interval than the waiting time T, a count at that point is stored
and the timer 26 is re-started. In the end, the RAM 24 stores
a plurality of generation intervals At'; (=1, 2, . . . m~1)
between m-switching pulses (m=n) generated through a
series of switching operations.

[0071] When the waiting time T elapsed after the genera-
tion of the m-th switching pulse, the control circuit 22
retrieves the conditions corresponding to the sum total of the
switching pulses generated, and starts the display switching
process under these conditions. At the same time, the control
circuit 22 replaces the old operation history data with the
generation intervals At'; temporarily stored in the RAM 24. If
the number (m) of the switching pulses is less than the set
number (n) of the switching pulses to be stored in the opera-
tion history database 29 (m<n), all the generation intervals
At'; are stored. The old operation history data of the same
number is then deleted from the operation history database
29. By contrast, if the number (m) of the switching pulses is
the same as the preset number (n) of the switching pulses
(m=n), all the generation intervals At'; are stored as the latest
generation intervals At,, and all the old operation history data
is deleted from the operation history database 29.

[0072] Next, with reference to a flow chart of FIG. 8, the
operation of this second embodiment device is explained.
When a first switching pulse is generated from the pulse
generator 354 upon rotation of the depth knob 35 (S1), the
waiting time determiner 28 retrieves the operation history
data from the operation history database 29, and determines
the waiting time T (S2). The control circuit 22 starts the timer
26. When the waiting time T elapsed without the generation
of a second switching pulse (YES in S3), the display switch-
ing process is started under the conditions corresponding to
one switching pulse (S8). On the other hand, when the second
switching pulse is generated within the waiting time T (YES
in S4), a count of the timer 26 at that point is temporarily
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stored as a generation interval At'; in the RAM 24 (S5). The
control circuit 22 resets and starts the timer 26.

[0073] After the generation of the second switching pulse,
when the waiting time T elapsed without a third switching
pulse (YES in S6), the display switching process is started
under the conditions corresponding to two switching pulses
(S8). By contrast, when the third switching pulse is generated
within the waiting time T (YES in S7), a count of the timer 26
at that point is stored as a generation interval At', in the RAM
24 (S5), and the timer 26 is re-started.

[0074] Thereafter, when the waiting time T elapsed without
the generation of a subsequent switching pulse (YES in S6),
the display switching process is started under the conditions
corresponding to the sum total of the switching pulses gen-
erated (810), and the display of the ultrasound image is
switched on the monitor 21. Along with the display switching
process, the control circuit 22 updates the operation history
data in the operation history database 29 using the generation
intervals At'; temporarily stored in the RAM 24 (89). The
updated operation history data is retrieved in the next switch-
ing operation to determine the waiting time T. The tempo-
rarily stored generation intervals At', are deleted from the
RAM 24 at the end of the step S10, or any other appropriate
time.

[0075] As in the first embodiment, the latest generation
interval At,_, (between the last and previous switching
pulses) may be used to determine the waiting time T. In this
case, every time the switching pulse is generated, the count
temporarily stored in the RAM 24 is overwritten with a count
of the timer 26 at that time. In the end, only the last-stored
generation interval At,_, is stored in the operation history
database 29. This configuration allows the operation history
database 29 to have small capacity. Also, the process to cal-
culate the average generation interval can be eliminated.
Enabling to use the RAM 24 as the operation history database
and eliminating the operation history database 29 itself, this
configuration provides a cost advantage.

[0076] Alternatively, the longest generation interval At,, .
may be used for determining the waiting time T. This con-
figuration also enables reducing the capacity of the operation
history database 29. In this case, as described above, every
time the switching pulse is generated, a count of the timer 26
at that point is compared with a count temporarily stored in
the RAM 24, and the count in the RAM 24 is overwritten only
when the count of the timer 26 is greater. In the end, only the
longest generation interval At,,,. is stored in the operation
history database 29. It is further possible to allow the opera-
tors to select one of the average generation interval (XAt,/n-
1), the latest generation interval (At,_;) and the longest gen-
eration interval (At, ).

[0077] Operator names may be recorded beforehand in the
operation history database 29, and the operation history data
may be organized under operator names. In this case, the
console 25 is equipped with a “user” button 36, shown by a
dashed-line in FIG. 2, to select an operator. In the operation
history database 29, the operation history data is associated
with the operator names. In using the ultrasound diagnostic
apparatus 2, an operator first selects his’her own name using
the “user” button 36. The waiting time determiner 28 retrieves
the operation history data under the selected operator name
from the operation history database 29, and determines the
waiting time T. At the end of the display switching operation,
the generation intervals At'; temporarily stored in the RAM 24
are stored in connection with the selected operator name in
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the operation history database 29. With this configuration, the
waiting time is determined appropriately for each of the
operators.

[0078] Although the above embodiments are described
based on the presence of the waiting time, eliminating the
waiting time also reduces the time taken to switch the display
of the ultrasound image. FIG. 9 shows a flow chart of signal
processing without the waiting time. When a first switching
pulse is generated (S1), the control circuit 22 starts the display
switching process immediately (52). When a second switch-
ing pulse is generated during the display switching process
(YES in S4), the control circuit 22 terminates the ongoing
display switching process, and begins the display switching
process again under the condition corresponding to two
switching pulses (S5). Every time the switching pulse is gen-
erated during the display switching process, the control cir-
cuit 22 repeats the step S5, and displays a new ultrasound
image on the monitor 21 as soon as the display switching
process is completed (S7). This configuration eliminates the
timer 26, the counter 27, the waiting time determiner 28 and
the operation history database 29, and is still able to reduce
the time taken to switch the display.

[0079] This third embodiment can be incorporated in the
first and second embodiments. For the first embodiment, the
ongoing display switching process is terminated when a
switching pulse is generated during the display switching
process started after the waiting time T (S8 in F1G. 5), and the
display switching process is begun again under the conditions
corresponding to the sum total of the switching pulses gen-
erated. For the second embodiment, as shown in FIG. 10, the
control circuit 22 temporarily stores a count of the timer 26 at
that point in the RAM 24 (S3), and terminates the ongoing
process when a switching pulse is generated during the dis-
play switching process (NO in 81), and begins the display
switching process again under the conditions corresponding
to the sum total of the switching pulses generated (S4). In
both embodiments, a switching pulse can be accepted even in
the middle of the display switching process.

[0080] The time taken to switch the display can also be
reduced by detecting the rotation of the depth knob mechani-
cally. In this case, the pulse generator is composed of, for
example, two sets of rotary encoders each having a rotary disk
and a photoelectronic sensor.

[0081] As shown in FIG. 11, a depth knob 40 includes a
shaft 41 that projects into the console 25. In the middle and at
adistal end of this shaft 41, there are attached two rotary disks
42, 43, one for rotation detection and the other for switching
pulse generation. These rotary disks 42, 43 have regularly
spaced cutouts 46, 47 respectively. The cutouts 46 in the
rotary disk 42 are spaced at shorter intervals than the cutouts
47 in the rotary disk 43 (for example, ' pitch of the cutouts
47). Two photoelectronic sensors 44, 45, one for rotation
detection and the other for switching pulse generation are
arranged to accept the rotary disks 42, 43. Two rotary encod-
ers composed of the rotary disks 42, 43 and the photoelec-
tronic sensors 44, 45 constitute a pulse generator 40a. The
photoelectronic sensor 44 is a common transmissive sensor
having a U-shaped cross section, and its light emitting ele-
ment and light receiving element are arranged above and
below to face each other across the edge of the rotary disk 42.
The photoelectronic sensor 45 has the same structure as the
photoelectronic sensor 44. A reference numeral 48 in the
drawing denotes a retaining flange. For the sake of simplicity,
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only sixteen cutouts 46 and four cutouts 47 are shown in the
drawing, but in fact more cutouts are formed in the rotary
disks 42, 43.

[0082] When the depth knob 40 is rotated by one click, one
cut-out 47 in the rotary disk 43 passes through the photoelec-
tronic sensor 45. The passage of the cut-out 47 raises the
output level of the photoelectronic sensor 45 to a “High”
level, and thus a switching pulse is generated. During this one
click rotation, four cutouts 46 in the rotary disk 42 pass
through the photoelectronic sensor 44. The output level of the
photoelectronic sensor 45 rises to a “High” level four times
accordingly. Aslong as the output level of the photoelectronic
sensor 45 rises and falls, the control circuit 22 judges that the
depth knob 40 is being rotated. In this instance, the control
circuit 22 does not start the display switching process even if
a switching pulse has already been generated, so as to accept
a subsequent switching pulse. When the output level of the
photoelectronic sensor 44 stabilizes, the control circuit 22
starts the display switching process under the conditions cor-
responding to the sum total of the switching pulses. This
configuration can eliminate the initial value of the waiting
time and the waiting time determining process, and is still
able to reduce the time taken to switch the display of the
ultrasound image, according to the operation on the depth
knob 40. Meanwhile, instead of using the rotary encoders, it
is possible to install a contact sensor in the depth knob, and
detect the completion of the switching operation as the opera-
tor releases his hand from the depth knob.

[0083] In combining the depth knob 40 with the first
embodiment device, store of the input intervals At; and the
number of the switching pulses should only be performed
while the output level of the photoelectronic sensor 44 is
rising and falling even if a switching pulse is generated. Then,
as the output level of the photoelectronic sensor 44 stabilizes,
the average of the input intervals At, is calculated, and the
waiting time T is determined. It is thereby possible to reduce
the number of the waiting time determining process, and the
workload on the control circuit 22.

[0084] In combining the depth knob 40 with the second
embodiment, the display switching process should not be
started while the output level of the photoelectronic sensor 44
is rising and falling even if a switching pulse is generated. On
occasion, the operator seeks an appropriate display depth
while operating the depth knob. Therefore, not to start the
display switching process during the operation of the depth
knob can add margin to the waiting time T, and give the
operator more time to determine an appropriate display depth.
[0085] Thepresentinventionis suitable for rotary operating
members. The present invention is not only applicable to the
combination of the depth knob and the pulse generator, but
also to a rotation switch for rotating an ultrasound image on
the monitor 21 about the center of the ultrasound scan, and a
move switch for shifting an ultrasound image horizontally on
the monitor 21. In these instances, the corresponding display
switching process (rotation or horizontal shift) is applied to
ultrasound image data that the DSC 18 generates.

[0086] Instead of the depth knobs 35, 40, a depth button
may be used as the operating member. As shown in FIG. 12,
aconsole 50 is equipped with a set of depth buttons 51 aligned
vertically on the right side of the console 50. Each depth
button 51 corresponds to a predetermined display depth, and
is integrated with a switch (not shown). These depth buttons
51 enters switching signals of corresponding display depths
into the control circuit 22. On the right side of the depth
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buttons 51, LED lamps 52 are placed. Each LED lamp 52
irradiates upon the press of the corresponding depth button
51, and indicates the current display depth. When a depth
button 51 is pressed during the display switching process, the
ongoing display switching process is terminated, and new
display switching process is started under the conditions cor-
responding to the depth button 51 being pressed. This con-
figuration allows for directly selecting a desired display
depth, and improves operation performance. Additionally, the
current display depth is easily identified. The depth button 51
can specify a certain display depth directly, unlike the depth
knob, and eliminate the need of the waiting time.

[0087] Although the above embodiments use the console
having one or more operating members for display depth, it is
possible, as shown in FIG. 13, to use a touch panel monitor 55
that displays a depth window 56. This depth window 56
includes a scale 57 of the display depth and a pointer 58 for
indicating the current display depth. Moving up or down the
pointer 58 with a finger or a touch pen leads to enter a switch-
ing signal into the control circuit 22, and the ultrasound image
is displayed on the monitor 55 at the display depth corre-
sponding to the position of the pointer 58.

[0088] While the above embodiments are directed to the
ultrasound endoscope having the ultrasound transducer array
and the imaging unit, the present invention is applicable to
ultrasound probes only having the ultrasound transducer
array. In addition, the ultrasound probes may either be inset-
tion probes to be inserted into a body cavity through a forceps
channel of the endoscope, or contact probes to be pressed
against a body surface.

[0089] Although the present invention has been fully
described by the way of the preferred embodiments thereof
with reference to the accompanying drawings, various
changes and modifications will be apparent to those having
skill in this field. Therefore, unless otherwise these changes
and modifications depart from the scope of the present inven-
tion, they should be construed as included therein.

What is claimed is:

1. An ultrasound observation device comprising:

a monitor for displaying an ultrasound image;

an operating member to be operated for switching the
display of said ultrasound image;

a pulse generator for generating a switching pulse every
time said operating member is operated by a predeter-
mined amount;

a detector for detecting a generation state of said switching
pulse;

awaiting time determiner for determining a waiting time T
to start display switching process of said ultrasound
image after generation of each said switching pulse,
based on said generation state of said switching pulse;
and

a processor for executing said display switching process
corresponding to the number of said switching pulses
generated when said waiting time elapsed after the gen-
eration of said switching pulses stops.

2. The ultrasound observation device of claim 1, wherein
said detector includes a timer for measuring generation inter-
vals At,(i=1, 2, . . ., n-1) between each of said switching
pulses, and said waiting time determiner determines said
waiting time T based on said generation intervals At,.

3. The ultrasound observation device of claim 2, wherein
said detector further includes a counter for counting the num-
ber n of said switching pulses, and said waiting time deter-
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miner determines said waiting time T based on the average of
said generation intervals At, calculated by 2At,/n-1.

4. The ultrasound observation device of claim 2, wherein
said waiting time determiner determines said waiting time T
based on the latest generation interval At,,_, of said switching
pulses.

5. The ultrasound observation device of claim 2, wherein
said waiting time determiner determines said waiting time T
based on the longest generation interval At among said
generation intervals At,.

6. The ultrasound observation device of claim 2, wherein
said waiting time determiner determines said waiting time T
by adding an additional time T, 1o one of the average of said
generation intervals At, calculated by ZAt,/n-1, the latest gen-
eration interval At,_, of said switching pulses, and the longest
generation interval At _among said generation intervals At,.

7. The ultrasound observation device of claim 1, wherein
said processor terminates ongoing display switching process
when said switching pulse is generated during said display
switching process, and starts new display switching process
under the conditions corresponding to the total number of the
switching pulses generated.

8. The ultrasound observation device of claim 1, wherein
said detector detects stoppage of generation of said switching
pulses by detecting whether or not said operating member is
being operated.

9. The ultrasound observation device of claim 8, wherein
said pulse generator comprises:

first and second rotary discs rotated by said operating
member;

switching pulse cutouts arranged at regular intervals on
said first rotary disc;

rotation detection cutouts arranged on said second rotary
disc at regular intervals shorter than the intervals of said
switching pulse cutouts;

a first photoelectronic sensor for detecting said switching
pulse cutouts and generating said switching pulses; and

a second photoelectronic sensor for detecting said rotation
detection cutouts and generating rotation detection
pulses,

wherein said detector detects whether or not said operating
member is being operated based on said rotation detec-
tion pulses.

10. The ultrasound observation device of claim 1, wherein
said display switching process is one of display depth change,
rotation and horizontal shift of said ultrasound image.

11. An ultrasound observation device comprising;

amonitor for displaying an ultrasound image;

an operating member to be operated for switching the
display of said ultrasound image;

a pulse generator for generating a switching pulse every
time said operating member is operated by a predeter-
mined amount;

adetector for detecting a generation state of said switching
pulse;

amemory for storing said generation state of said switch-
ing pulse as an operation history of said operating mem-
ber;

awaiting time determiner for determining a waiting time T
to start display switching process of said ultrasound
image after generation of each said switching pulse,
based on said operation history in said memory; and

a processor for executing said display switching process
corresponding to the number of said switching pulses
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generated when said waiting time elapsed after the gen-
eration of said switching pulses stops.

12. Theultrasound observation device of claim 11, wherein

said memory stores said operation history for each operator.

13. The ultrasound observation device of claim 12, wherein

said memory stores generation intervals At,(i=1, 2, ..., n=1)
between each of n-switching pulses as said operation history,
and said waiting time determiner determines said waiting
time T based on the average of said generation intervals At,
calculated by 2At/n-1.

14. An ultrasound observation device comprising;

a monitor for displaying an ultrasound image;

an operating member to be operated for switching the
display of said ultrasound image;

a pulse generator for generating a switching pulse every
time said operating member is operated by a predeter-
mined amount; and

a processor for executing display switching process corre-
sponding to the number of said switching pulses gener-
ated, said processor starting said display switching pro-
cess immediately after the generation of said switching
pulse, and when a subsequent switching pulse is gener-
ated during ongoing display switching process, said pro-
cessor terminating ongoing display switching process
and starting new display switching process under the
conditions corresponding to the total number of the
switching pulses generated.

15. An ultrasound observation device comprising;

a monitor for displaying an ultrasound image;

an operating member to be operated for switching the
display of said ultrasound image;

a pulse generator for generating a switching pulse every
time said operating member is operated by a predeter-
mined amount;

a first detector for detecting a generation state of said
switching pulse;

a second detector for detecting whether or not said operat-
ing member is being operated; and

a processor for executing display switching process corre-
sponding to the number of said switching pulses gener-
ated, said processor starting said display switching pro-
cess when said first detector detects said switching pulse
and when said second detector detects that said operat-
ing member is not operated, said processor not starting
said display switching process when said first detector
detects said switching pulse and when said second
detector detects that said operating member is operated.

16. A method for controlling operation of an ultrasound

observation device comprising steps of:

operating an operating member for switching the display of
an ultrasound image;

generating a switching pulse every time said operating
member is operated by a predetermined amount;

detecting a generation state of said switching pulse;

determining a waiting time T to start display switching
process of said ultrasound image after generation of
each said switching pulse, based on said generation state
of said switching pulse; and

executing said display switching process corresponding to
the number of said switching pulses generated when said
waiting time elapsed after the generation of said switch-
ing pulses stops.
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17. A method for controlling operation of an ultrasound
observation device comprising steps of:

operating an operating member for switching the display of
an ultrasound image;

generating a switching pulse every time said operating
member is operated by a predetermined amount;

detecting a generation state of said switching pulse;

storing said generation state of said switching pulses as an
operation history of said operating member;
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determining a waiting time T to start display switching
process of said ultrasound image after generation of
each said switching pulse, based on said operation his-
tory; and

executing said display switching process corresponding to
the number of said switching pulses generated when said
waiting time elapsed after the generation of said switch-
ing pulses stops.
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