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(57)  An ultrasonic diagnostic apparatus (101) of a
mechanical scanning system has: a receiving/transmit-
ting unit (104) for receiving and transmitting an ultra-
sonic wave from/to an ultrasonic vibrator (102); and a
PC (110). The PC (110) has: a PC board (108) mounted
detachably, which controls a motor driving circuit (105)
via the receiving/transmitting unit (104), rotates the
ultrasonic vibrator (102) that is mounted to the rotary
shaft of a motor (106) to become the center of the rota-
tion by rotating the motor (106) in response to a motor
drive signal, controls the receiving/transmitting unit
(104), and performs a predetermined digital signal proc-
ess for an ultrasonic echo signal from the receiv-
ing/transmitting unit (104); a PC internal memory (109a)
for storing a digital signal from the PC board (108); a
general CPU (109); and the like.

Ultrasonic diagnostic apparatus capable of functional addition
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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultra-
sonic diagnostic apparatus for obtaining a biogenic tom-
ogram by irradiating an ultrasonic pulse in vivo and
receiving a reflecting wave which is reflected from a bio-
genic tissue.

2. Description of the Related Art

[0002] Hitherto, there has been put into practical
use an ultrasonic diagnostic apparatus for obtaining a
biogenic tomogram by irradiating an ultrasonic pulse in
vivo and receiving a reflecting wave which is reflected
from a biogenic tissue. Since the ultrasonic diagnostic
apparatus can noninvasively diagnose the internal part
of the biological material and thus has high safety there-
for, this is an indispensable apparatus for a clinical med-
icine and is widely spread. In particular, the ultrasonic
endscope is used for diagnosing a case which can not
be decided by a surface of the biological material and
needs to insert the ultrasonic diagnostic apparatus into
the celom, and the demand for the ultrasonic diagnostic
apparatus is increased.

[0003] Fig. 20 is a block diagram showing a con-
structional example of a conventional ultrasonic diag-
nostic apparatus of a mechanical scanning system.
[0004] As shown in Fig. 20, the ultrasonic diagnos-
tic apparatus of the mechanical scanning system is pro-
vided with a controller 22 that a CPU 23 as control
means controls. A motor driving circuit 3 is controlled in
response to a timing signal of the controller 22, and a
motor drive signal from the motor driving signal 3
causes the rotation of a motor 4 and a vibrator 5 which
is mounted to a rotating shaft of the motor 4 as a center
of the rotation.

[0005] The vibrator 5 fetches, to the controller 22, a
synchronous signal outputted from a position detecting
circuit 71 by the rotation of the vibrator 5, and is syn-
chronized with the timing signal, thereby emitting an
ultrasonic pulse. A transmission signal generator 1
oscillates a transmission signal as a reference under
the control operation of the controller 22. A transmitting
amplifier 2 thereafter amplifies the oscillation signal to a
necessary level. After that, the amplified signal is sup-
plied to the vibrator 5, thereby emitting the ultrasonic
pulse, for example, to the internal part of the biological
material.

[0006] The vibrator 5 receives a reflecting wave
which is reflected from the biogenic tissue. A receiving
amplifier 6 and a band pass filter (labeled as a BPS in
the figure) 7 remove an unnecessary signal component
from the received signal. After a detecting circuit 8
detects the signal, the detected signal is amplified to a
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predetermined size by a GAIN/STC 9 as a variable
amplifier capable of varying an amplification factor.

[0007] A reception signal outputted from the
GAIN/STC 9 passes through a low pass filter (labeled
as an LPF in the figure) 12, an A/D converter 13 con-
verts the reception signal into a digital signal, and it is
stored into an FIFO 14. The data stored to the FIFO 14
is coordinate-transformed by an address control 16 and
a look-up table (LUT) 17 for coordinate transformation,
and stored into a predetermined position in a memory
15.

[0008] The above operation is controlled by the
controller 22 at a predetermined periodic interval until
one rotation by the vibrator 5 ends. After storing the
reception data of one rotation to the memory 15, the
stored data is read out of the memory 15 by the reading-
out operation of the address controller 16 and the read-
out data is supplied to an interpolating circuit 18. In the
interpolating circuit 18, an LUT 19 for interpolating proc-
ess executes an interpolating process, and a video
processing circuit 20 performs a process necessary for
display after that. The processed signal is thereafter
supplied to a monitor 21, thereby displaying a radial
image based on the reception data.

[0009] Fig. 21 is a block diagram showing a con-
structional example of a conventional ultrasonic diag-
nostic apparatus of a mechanical scanning system in
case of adding a linear display function to the ultrasonic
diagnostic apparatus show in Fig. 20.

[0010] As the above-stated ultrasonic diagnostic
apparatus, in this kind of ultrasonic diagnostic appara-
tus as shown in Fig. 21, the motor driving circuit 3 is
controlled in response to the timing signal of the control-
ler 22 and the vibrator 5 is rotated. Synchronously with
the timing signal of the controller 22, the vibrator 5
receives and transmits an ultrasonic wave.

[0011] Only a predetermined signal is amplified and
taken out of the reception signal by the receiving ampli-
fier 6, BPF 7, detecting circuit 8, and GAIN/STC 9. The
A/D converter 13 converts the taken-out signal to a dig-
ital signal and stored into the FIFO 14. The stored data
is coordinate-transformed by the address controller 16
and LUT 17 for coordinate transformation and stored to
a predetermined position in the memory 15. The afore-
mentioned operation is as same as that of the appara-
tus shown in Fig. 20, and conducted at a predetermined
periodic interval until the end of one rotation of the
vibrator 5.

[0012] After storing the reception data of one rota-
tion to the memory 15, the stored data is read out of the
memory 15 by the reading-out operation of the address
controller 16 and the read-out data is supplied to the
interpolating circuit 18. In the interpolating circuit 18, the
LUT 19 for interpolating process executes the interpo-
lating process for the supplied data, and the interpo-
lated data is thereafter stored into a radial image
memory 25a and a linear image memory 25b of an
image memory 25 which is newly provided, based on a
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writing control by an image output controller 24. In this
case, there is stored to the radial image memory 25a
the same data as the data outputted to the video
processing circuit 20 shown in Fig. 20. On the contrary,
there is stored to the linear image memory 25b data
which corresponds to a tomogram of one frame formed
by coupling data at an arbitrary portion that is desig-
nated by the radial image which is subjected to the inter-
polating process as much as a plurality of frames.

[0013] The image output controller 24 controls the
operation for reading out the data stored to the image
memory 25 by the radial image memory 25a and linear
image memory 25b, based on an output mode of a
selected image. Similarly to the foregoing apparatus,
the read-out data is supplied to the video processing cir-
cuit 20, thereby performing the process necessary for
display for the read-out data. The processed data is
thereafter supplied to the monitor 21, and to thereby dis-
play a radial image or a linear image based on the
reception data, or an image corresponding to both of
them.

[0014] Referring to Figs. 20 and 21, when the rota-
tional period of the vibrator 5 is different depending
upon a connected scanner (ultrasonic endscope),
another system in which the address controller 16 is
changed corresponds thereto. When connecting a
scanner which mechanically drives a vibrator different
from that in Figs. 20 and 21 (such as sector scanning,
3D scanning, and scanning line density variation),
another system in which the look-up table 17 for coordi-
nate transformation and address controller 16 are
changed corresponds thereto.

[0015] However, the FIFO 14, memory 15, address
controller 16, and LUT 17 for coordinate transformation
are necessary for coordinate-transforming the reception
data which the A/D converter 13 converts into the digital
data by the conventional ultrasonic diagnostic appara-
tus. The interpolating circuit 18 and LUT 19 for interpo-
lating process are also necessary for executing the
interpolating process. Further, the CPU 23 is necessary
for controlling the address controller 16 and controller
22. As mentioned above, the dedicated coordinate-
transforming circuit and interpolating circuit are neces-
sary, and since the processing circuits are high-speed
arithmetic circuits, the circuits are made complicated.
Because preparing data referred to in the processing
step as the LUT for coordinate transformation and LUT
for interpolating process, a dedicated memory for stor-
ing the data is made necessary, the circuit scale is
increased, and thus costs also become expensive.
[0016] When changing the timing to fetch the recep-
tion data due to functional addition and changing the
control to the receiving/transmitting unit, the exchange
and correction of the controller 22 is needed and this
causes a problem that the function cannot be added
simply.

[0017] In order to cut out an arbitrary position of the
radial image obtained by the coordinate transformation
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and interpolating process and generate the linear image
by coupling the cut-out images, there are necessitated
the linear image memory 25a and image output control-
ler 24 for generating the linear image. The radial image
and linear image are combined and displayed and,
therefore, there are necessitated the radial image mem-
ory 25a and linear image memory 25b as the image
memory 25 and the image output controller 24 for con-
trolling the image outputs by the image output modes.
There are made necessitated the dedicated processing
circuit and the image storing memory and further they
have to be operated at a high speed, so that the circuit
scale is increased and complicated, and costs are also
made expensive in this case.

[0018] The period and the like of a position signal
outputted from the position detecting circuit 71 are
made different, depending upon the scan of a con-
nected scanner (such as sector scanning, linear scan-
ning, radial scanning, variation in rotational speed of the
vibrator, 3D scanning, and scanning line density varia-
tion). Therefore, it is necessary to change the design of
the controller 22 and the address controller 16 for con-
trolling the FIFO 14 and memory 15, or provide a mem-
ory in the address controller 16 and controller 22 and
prepare a parameter for timing change whose number
corresponds to the scanning of the connected scanner.
As explained above, in order to correspond to the differ-
ent period and the like by the design change of the con-
troller system including the controller 22 and the
address controller 16, a substrate including a controller,
etc. is exchanged unavoidably, the costs are made
expensive, the connected scanner is restricted, and a
function cannot be added. Further, to have a parameter
whose number corresponds to the period of the position
signal in the controller system, there are made neces-
sary a device for control whose circuit scale is large and
an external memory device, and this thus causes a
problem that the costs are expensive.

SUMMARY OF THE INVENTION

[0019] It is an object of this invention to provide an
ultrasonic diagnostic apparatus which has a relatively
small size and is inexpensive, capable of adding a func-
tion simply.

[0020] It is another object of this invention to pro-
vide an ultrasonic diagnostic apparatus, capable of add-
ing and executing various display functions with a
simple construction and low costs unless utilizing a
processing circuit which causes the complication and
large costs.

[0021] According to the present invention, there is
provided an ultrasonic diagnostic apparatus which is
connected to a receiving/transmitting unit for driving an
ultrasonic vibrator every arbitrary timing, transmitting an
ultrasonic wave from an ultrasonic probe having the
ultrasonic vibrator, receiving and detecting an obtained
echo signal, and outputting the detected echo signal as
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reception data of an analog signal, comprising a com-
puter for subjecting the reception data of the analog sig-
nal outputted from the transmitting/receiving unit to a
signal process, in which the computer has a computer
board for converting the reception data of the analog
signal outputted from the receiving/transmitting unit into
a digital signal, transferring the digital signal to a com-
puter internal bus, and controlling the receiving/trans-
mitting unit.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Figs. 1 to 6 relate to a first embodiment of the
present invention; Fig. 1 is a constructional diagram
showing a construction of an ultrasonic diagnostic
apparatus of a mechanical scanning system; Fig. 2
is a constructional diagram showing a detailed con-
struction of a timing controller in Fig. 1; Fig. 3 is a
constructional diagram showing a specific con-
struction of a memory for reception data in Fig. 1;
Fig. 4 is a explanatory diagram for explaining data
storage to the memory for reception data in Fig. 3;
Fig. 5 is a constructional diagram showing a con-
struction of a main portion of a first modification of
the ultrasonic diagnostic apparatus of the mechani-
cal scanning system in Fig. 1; and Fig. 6 is a con-
structional diagram showing a construction of a
main portion of a second modification of the ultra-
sonic diagnostic apparatus of the mechanical scan-
ning system in Fig. 1,

Figs. 7 to 17 relate to a second embodiment of the
present invention; Fig. 7 is a block diagram showing
the whole construction of the ultrasonic diagnostic
apparatus of the mechanical scanning system; Fig.
8A is a first diagram showing a relationship
between the rotation of a vibrator and a position sig-
nal synchronized with the rotation; Fig. 8B is a sec-
ond diagram showing a relationship between the
rotation of the vibrator and the position signal syn-
chronized with the rotation; Fig. 9 is a timing chart
when the rotation of the vibrator becomes faster;
Fig. 10 is a diagram showing one example of a reg-
ister of the controller in Fig. 1; Fig. 11 is a flowchart
for explaining a control operation example in an
arithmetic processing unit (CPU) shown in Fig. 1;
Fig. 12 is a flowchart for explaining a control opera-
tion example in the arithmetic processing unit
(CPU) when adding a function for displaying an
image except for a radial image; Fig. 13 is a block
diagram showing a construction of a computer 36
portion of an apparatus which is constructed to
enable DMA transfer more efficiently; Fig. 14 is an
explanatory diagram for explaining a concept of a
coordinate transformation and an interpolating
process; Fig. 15 is an explanatory diagram for
explaining a constructing method of a linear image
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when displaying the linear image based on the
process by the arithmetic processing unit; Fig. 16 is
an explanatory diagram for explaining a four-point
interpolating process based on the interpolating
process; and Fig. 17 is an explanatory diagram
when processing based on the arithmetic process-
ing unit having a function for processing a plurality
of items of data by a single command,

Figs. 18 to 19C relate to a third embodiment of the
present invention; Fig. 18 is a block diagram show-
ing a construction of the ultrasonic diagnostic appa-
ratus of the mechanical scanning system in the
computer portion excluding a receiving/transmitting
unit; Fig. 19A is a first explanatory diagram for
explaining an operation of the apparatus shown in
Fig. 18; Fig. 19B is a second explanatory diagram
for explaining the operation of the apparatus shown
in Fig. 18; and Fig. 19C is a third diagram for
explaining an operation of the apparatus shown in
Fig. 18,

Fig. 20 is a block diagram showing the whole con-
struction of one example of a conventional ultra-
sonic diagnostic apparatus of the mechanical
scanning system, and

Fig. 21 is a block diagram showing the whole con-
struction of another ultrasonic diagnostic apparatus
of the mechanical scanning system capable of con-
ventional linear image display.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0023] An embodiment of the present invention will
be now described with reference to the drawings.

First embodiment:
(Constitution)

[0024] As shown in Fig. 1, an ultrasonic diagnostic
apparatus 101 of a mechanical scanning system
according to the present embodiment comprises: a
receiving/transmitting unit 104 for receiving and trans-
mitting an ultrasonic wave from/to an ultrasonic vibrator
102; and a personal computer (referred to as a PC,
hereinlater) 110.

[0025] The PC 110 comprises: a PC board 108,
which is mounted detachably, for rotating the ultrasonic
vibrator 102 mounted to the rotary shaft of a motor 106
so as to become the center of the rotation by controlling
a motor driving circuit 105 through the receiving/trans-
mitting unit 104 and rotating the motor 106 in response
to a motor drive signal, and subjecting an ultrasonic
echo signal from the receiving/transmitting unit 104 to a
predetermined digital signal process by controlling the
receiving/transmitting unit 104; a PC internal memory
109a for storing the digital signal from the PC board
108; a general CPU 109; and the like.



7 EP 1 040 789 A1 8

[0026] The receiving/transmitting unit 104 com-
prises: a transmission signal generator 111 and a trans-
mitting amplifier 112 for emitting an ultrasonic pulse in
vivo from the ultrasonic vibrator 102; a receiving ampli-
fier 113 and a band pass filter (BPF) 114 for receiving
the ultrasonic echo signal of the ultrasonic pulse from
the internal part of biological material by the ultrasonic
vibrator 102 and removing an unnecessary signal com-
ponent; a detecting circuit 115 for detecting a reception
signal via the receiving amplifier 113 and BPF 114; and
a GAIN/STC 117 for amplifying the detected signal to a
predetermined size and outputting the amplified signal
to the PC board 108 in the PC 110 through a low pass
filter (LPF) 116.

[0027] The PC board 108 in the PC 110 comprises:
a timing controller 121 for controlling the motor driving
circuit 105 in response to a timing signal; an A/D con-
verter 122 for A/D converting the output of the
GAIN/STC 117 via the LPF 116 in the receiving/trans-
mitting unit 104; a memory 123 for reception data for
storing the digital data converted by the A/D converter
122; a memory 124 for GAIN/STC for storing the ampli-
fication data from the GAIN/STC 117 as digital data,
making the amplification data synchronous with the tim-
ing signal from the timing controller 121, and outputting
the signal; a D/A converter 125 for D/A converting an
output of the memory 124 for GAIN/STC, and changing
the amplification amount of the GAIN/STC 117 corre-
sponding to the amplification of the analog signal by
outputting the converted analog signal to the GAIN/STC
117; and a PC internal bus controller 128 for connecting
a PC internal bus 126 to a local bus 127 in the PC board
108, and connecting the PC internal memory 109 to the
PC board 108.

[0028] It is noted that data of the memory 124 for
GAIN/STC can be changed by the PC 110 via the PC
internal bus controller 128. The transmission signal
generator 111 in the receiving/transmitting unit 104 is
controlled in response to the timing signal of the timing
controller 121.

[0029] The timing controller 121 comprises, for
instance, an FPGA (field programmable gate array). As
shown in Fig. 2, the local bus 127 in the PC board 108
is provided with a memory 131 for wiring data for storing
wiring data of the timing controller 121.

[0030] When instructing an arbitrary command to
the timing controller 121 from the PC 110 by way of the
PC internal bus 126 and the PC internal bus controller
128 in the PC board 108, there is stored to the memory
131 for wiring data the wiring data of the timing control-
ler 121 which is transferred from the PC 110 via the
local bus 127. Upon starting the PC 110 again, the tim-
ing controller 121 reads the wiring data from the mem-
ory 131 for wiring data, thereby making the specification
of the timing controller 121 changeable.

10

15

20

25

30

35

40

45

50

55

(Operation)

[0031] The next description turns to the operation of
the above-constructed ultrasonic diagnostic apparatus
of the mechanical scanning system according to the
present embodiment.

[0032] The motor driving circuit 105 is controlled in
response to the timing signal of the timing controller
121, and the motor 106 is driven by a motor drive signal
from the motor driving circuit 105, thereby rotating the
ultrasonic vibrator 102. The ultrasonic vibrator 102 is
synchronized with the timing signal of the timing control-
ler 121, the signal is transmitted to the ultrasonic vibra-
tor 102 through the transmission signal generator 111
and the transmitting amplifier 112, and the ultrasonic
vibrator 102 transmits an ultrasonic pulse in vivo.
[0033] The ultrasonic vibrator 102 receives an ultra-
sonic echo signal of the ultrasonic pulse from the biolog-
ical material, and the receiving amplifier 113 amplifies
the reception signal to a predetermined size. The BPF
114 removes an unnecessary noise component from
the amplified reception signal, and the detecting circuit
115 subjects the signal whose noise component is
removed to a detecting process. Based on the amplifi-
cation data of the digital data stored to the memory 124
for GAIN/STC, the GAIN/STC 117 amplifies the recep-
tion signal subjected to the detecting process to a pre-
determined size, and the reception signal whose size
becomes smaller as farther is corrected so as to
become bigger as the elapse of time. The reception sig-
nal from the GAIN/STC 117 passes through the LPF
116, and is outputted from the receiving/transmitting
unit 104 to the PC 110.

[0034] The reception signal outputted from the
receiving/transmitting unit 104 is inputted to the PC
board 108 mounted to the PC internal bus 126 in the PC
110. The reception signal inputted to the PC board 108
is converted into digital data by the A/D converter 122,
and stored to the memory 123 for reception data.
[0035] Fig. 3 illustrates a state of storing the recep-
tion data to the memory 123 for reception data.

[0036] As shown in Fig. 3, in the case where the
A/D converter 122 has a resolution of 8 bits, the mem-
ory 123 for reception data comprises, for example, four
8-bit memories: a first memory 123a for reception data;
a second memory 123b for reception data; a third mem-
ory 123c for reception data; and a fourth memory 123d
for reception data. Connected in parallel to the output
terminal of the A/D converter 122 are the first memory
123a for reception data, second memory 123b for
reception data, third memory 123c for reception data,
and forth memory 123d for reception data. The data bus
width of the PC internal bus 126 is set to 32 bits.
[0037] The reception data outputted from the A/D
converter 122 is stored into the first memory 123a for
reception data, second memory 123b for reception
data, third memory 123c for reception data, and forth
memory 123d for reception data, switching the first to
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forth memories 123a to 123d every sample. The recep-
tion data is stored in an exemplified manner such that
the reception data of an n-th sound ray sample No. 0 is
stored into the first memory 123a for reception data; the
reception data of a sample No. 1 the second memory
123b for reception data; the reception data of a sample
No. 2 the third memory 123c for reception data; the
reception data of a sample No. 3 the forth memory 123d
for reception data; and the reception data of a sample
No. 4 the first memory 123a for reception data again.

[0038] Fig. 4 illustrates a state that according to the
above-discussed method, the reception data is stored
into the first memory 123a for reception data, second
memory 123b for reception data, third memory 123c for
reception data, and forth memory 123d for reception
data, respectively. Fig. 4 also illustrates a case where
the number of samples of the reception data per sound
ray is equal to 512.

[0039] As shown in Fig. 4, samples 0, 4, .. ., 508 of
a sound ray No. n are stored into the first memory 123a
for reception data; samples 1, 5, ..., 509 of the sound ray
No. n the second memory 123b for reception data; sam-
ples 2,6, ..., 510 of the sound ray No. n the third mem-
ory 123c for reception data; and samples 3, 7, ..., 511 of
the sound ray No. n the forth memory 123d for reception
data. The stored data is transferred to the PC internal
bus 126, setting one-array data in the lateral direction to
one piece of data. Specifically speaking, a block 0 com-
prising samples 0 to 3 of the sound ray No. n is set to
32-bit data, and transferred to the PC internal bus 126 in
a lump.

[0040] That is, the reception data of one frame
which is collected as 32-bit data is stored to the memory
123 for reception data, thereafter passes through the
PC internal bus controller 128 which is connected to the
memory 123 for reception data via the local bus 127 in
the PC board 8, and is transferred to the PC 110 by way
of the PC internal bus 126.

[0041] The coordinate-transforming process and
the like are conducted by the PC 110 which inputs the
stored reception data of one frame to the memory 123
for reception data via the PC internal bus 126, and the
ultrasonic image is displayed to a monitor (not shown).

(Effects)

[0042] According to the present embodiment, after
storing the reception data of one frame which is col-
lected as 32-bit data to the memory 123 for reception
data, the reception data is transferred to the PC 110
through the PC internal bus 126. Therefore, the PC 110
can execute the coordinate-transforming process and
the like fully, and it is able to obtain an ultrasonic diag-
nostic apparatus of a mechanical scanning system
whose costs are suppressed without needing to use a
dedicated complicated circuit for the coordinate-trans-
forming process, etc.

[0043] Reduced is the number of data transferred to
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the PC internal memory 109 in the PC 110 via the PC
internal bus 126 by the PC internal bus controller 128. It
is capable of decreasing data transfer time.

[0044] Further, by transferring the reception data to
the PC 110 once by the use of a DMA (direct memory
access) to transfer data, not via the general CPU in the
PC 110, it is possible to reduce the data transfer time
and decrease the load in the PC 110 upon transferring
the data.

[0045] When an arbitrary command is instructed to
the timing controller 121, there is stored the wiring data
of the timing controller 121 which is transferred to the
memory 131 for wiring data from the PC 110 through
the local bus 127. Upon restarting the PC 110, the tim-
ing controller 121 reads the wiring data from the mem-
ory 131 for wiring data, thereby enabling the change of
the specification of the timing controller 121. As a con-
sequence, it is capable of adding a function simply.
[0046] Although the present embodiment is
described under the setting such that the data bus width
of the PC internal bus 126 is equal to 32 bits, this setting
does not restrict the data bus width of the PC internal
bus 126. In the case where the data width of the PC
internal bus 126 is equal to 64 bits, it is able to further
reduce the data transfer time if employing the number of
8-bit memories of the memory 123 for reception data in
the PC board 108.

[0047] Although the number of quantization bits of
the A/D converter 122 is equal to 8 bits, this also does
not restrict the number of quantization bits of the A/D
converter 122. In case of the A/D converter of 12 bits,
according to the construction in Fig. 3, two 8-bit memo-
ries are combined, exemplifying the combination of the
first memory 123a and the second memory 123b for
reception data and the combination of the third memory
123c and the forth the memory 123d for reception data,
and the memory is thus used as a memory for storing
one piece of 12-bit data. Therefore, it is capable of
shortening more transfer time as compared with the
case of transferring 12-bit data one by one.

[0048] Although the reception signal outputted from
the receiving/transmitting unit 104 is an analog signal
and the A/D converter 122 converts the analog signal
into a digital signal on the PC board 108 side, the A/D
converter 122 may be mounted to the receiving/trans-
mitting unit 104, and the analog signal may be con-
verted into the digital signal and outputted to the
memory 123 for reception data on the PC board 108, as
shown in Fig. 5.

[0049] As shown in Fig. 5, if the A/D converter 122
is provided for the receiving/transmitting unit 104 and
the digital data outputted by the A/D converter 122 is
stored into the memory 123 for reception data on the PC
board 108, it is necessary to transfer the reception data
fast.

[0050] As shown in Fig. 6, it is sufficient that an
FIFO 151 for reception data is provided to the output
terminal of the A/D converter 122 in the receiving/trans-



1 EP 1 040 789 A1 12

mitting unit 104, the reception data is temporarily stored
to the FIFO 151, and a data output controller 152 pro-
vided for the receiving/transmitting unit 104 transfers
the reception data to the memory 123 for reception data
on the PC board 108 at a relatively low speed.

Second embodiment:
(Constitution)

[0051] Referring to Fig. 7, the same reference
numerals denote the same element components as
those of the apparatus in Figs. 20 and 21. According to
the present embodiment, a system as an ultrasonic
diagnostic apparatus is constructed by combining the
receiving/transmitting unit 34, the computer 36, and the
monitor 21 which are constructed by conventional ele-
ment components, without using the coordinate trans-
formation and the interpolating dedicated circuit which
cause the complication and the large costs. The system
is also constructed to enable the execution of the proc-
ess for coordinate-transformation and interpolation, etc.
under the control operation by the PC board in the com-
puter 36.

[0052] According to a specific construction as
shown in Fig. 7, the ultrasonic diagnostic apparatus of
the present embodiment comprises: the receiving/trans-
mitting unit 34 including the transmission signal genera-
tor 1 and the transmitting amplifier 2; the vibrator 5, the
position detecting circuit 71, the motor 4, and the motor
driving circuit 3 which are connected to the receiv-
ing/transmitting unit 34 electrically; a PC board 35 in the
computer 36 which is electrically connected to the
motor driving circuit 3 and the receiving/transmitting unit
34; and the monitor 21 which is connected to the PC
board 35 electrically and displays the ultrasonic image.
[0053] The receiving/transmitting unit 34 is a por-
tion to/from which the ultrasonic wave is received and
transmitted, and comprises: the transmission signal
generator 1; the transmitting amplifier 2; the receiving
amplifier 6; the BPF 7; the detecting circuit 8; the
GAIN/STC 9, and the LPF 12.

[0054] The transmission signal generator 1 oscil-
lates a transmission signal as a reference by the control
operation of a controller 28 in the computer 36, and sup-
plies the oscillation signal to the transmitting amplifier 2.
The transmitting amplifier 2 amplifies the oscillation sig-
nal, for example, to a preferable level to emit the signal
as an ultrasonic pulse in vivo by using the vibrator 5,
and supplies the amplification signal to the vibrator 5.
[0055] The motor driving circuit 3 is controlled in
response to a timing signal from the controller 28 in the
computer 36, and supplies a motor drive signal to the
motor 4. The drive of the motor 4 is controlled on the
basis of the motor drive signal from the motor driving cir-
cuit 3, and the motor 4 rotates the vibrator 5 mounted to
the rotary shaft so that the vibrator 5 becomes the
center of the rotation.
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[0056] The vibrator 5 fetches a synchronous signal
outputted from the position detecting circuit 71 to the
controller 22 by the rotation of the vibrator 5, is made
synchronous with the timing signal, and emits the ultra-
sonic pulse. The vibrator 5 also sets transmission signal
supplied from the transmitting amplifier 2 to an ultra-
sonic pulse and emits the ultrasonic pulse, for instance,
in vivo, in accordance with the rotation.

[0057] The vibrator 5 receives a reflecting wave
which is reflected from the biogenic tissue, and supplies
the reception signal to the receiving amplifier 6. The
receiving amplifier 6 amplifies the reception signal to a
predetermined level. The BPF 7 supplies the signal to
the detecting circuit 8 after removing a predetermined
frequency (unnecessary signal component). The
detecting circuit 8 subjects a fetched signal to the
detecting process, and supplies the signal to the
GAIN/STC 9 as a variable amplifier which can vary the
amplification factor.

[0058] The GAIN/STC 9 can vary the amplification
factor freely by the control operation on the computer 36
side, and amplifies the supplied signal to a predeter-
mined size and supplies the amplification signal to the
LPF 12. A low band component of the supplied signal
passes through the LPF 12 and the LPF 12 supplies the
signal to the PC board 35 in the computer 36.

[0059] The receiving/transmitting unit 34 is electri-
cally connected to the PC board 35 in the computer 36
provided newly, via connecting means (not shown)
which is provided for the computer 36.

[0060] The PC board 35 is a board mounted to the
a bus in the computer 36 detachably, and comprises: a
D/A converter 10; the A/D converter 13; the memory 26
for reception data; a memory 27 for GAIN/STC; the con-
troller 28; and an PC internal bus controller 29.

[0061] The controller 28 is connected to the trans-
mission signal generator 1 in the receiving/transmitting
unit 34 and the motor driving circuit 3, and controls the
oscillation of the transmission signal and the motor drive
by supplying the timing signal. The controller 28 is also
connected to a PC board local bus.

[0062] Stored to the memory 27 for GAIN/STC is
information necessary for varying the amplification fac-
tor of the GAIN/STC 9 in the receiving/transmitting unit
34. The D/A converter 10 analog-converts the informa-
tion which is read out by the control operation of the
controller 28, and supplies the analog signal to the
GAIN/STC 9, thereby changing the ampilification factor
of the GAIN/STC 9.

[0063] The A/D converter 13 is connected to the
LPF 12 in the receiving/transmitting unit 34, digital-con-
verts the supplied signal from the LPF 12, and supplies
the digital signal to the memory 26 for reception signal.
The memory 26 for reception data stores the supplied
reception data, and outputs the read-out reception data
onto the PC internal bus by way of the PC board local
bus and the PC internal bus controller 29, upon reading
out the data.
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[0064] The PC internal bus controller 29 can
input/output data among all of the circuits connected to
the PC internal bus and control a bus path and the like
in accordance with the input/output, and is instructed
and controlled by an arithmetic processing unit 30 as
main control means in the computer 36.

[0065] The computer 36 having the PC internal bus
comprises: the PC board 35 connected onto the PC
internal bus; the arithmetic processing unit (also
referred to as a CPU) 30; a PC internal memory 31 as
means for storing data and a program; a PC auxiliary
storing device 32; and an image output unit 33. The
monitor 21 as display means for displaying the ultra-
sonic image is connected to the image output unit 33 in
the computer 36 through connecting means of the com-
puter (not shown).

[0066] The arithmetic processing unit 30 is a
processing circuit for performing a calculating process
(such as coordinate transformation and interpolating
process) necessary for executing the image display in
accordance with an output mode, serving as a feature of
the present invention, in the computer 36. A program
necessary for the calculating process is stored into the
PC internal memory 31. The PC internal memory 31
stores data from the PC board 35 temporarily.

[0067] The PC auxiliary storing device 32 is a spare
storing device, can store, for instance, a program neces-
sary for the arithmetic process, the reception data, and
the like, and also can use a storing area of the PC aux-
iliary device 32 if the storing area is insufficient in
accordance with the process such as the arithmetic
process.

[0068] The image output unit 33 subjects the data
supplied through the PC internal bus to a displaying
process based on the output mode of a selected image,
and supplies the processed signal to the monitor 21.
The monitor 21 displays an image based on data proc-
essed by the computer 36.

(Operation)

[0069] The next description turns to the operation of
the ultrasonic diagnostic apparatus shown in Fig. 7.
[0070] An ultrasonic diagnostic image in the celom
is displayed to the monitor by utilizing the ultrasonic
diagnostic apparatus shown in Fig. 7. Starting the
examination by the ultrasonic diagnostic apparatus, the
controller 28 first drives the motor 4 via the motor driving
circuit 3, thereby rotating the vibrator 3.

[0071] The vibrator 5 fetches a synchronous signal
outputted from the position detecting circuit 71 into the
controller 28 by the rotation of the vibrator 5. Synchro-
nously with the fetched signal, the vibrator 5 is synchro-
nized with a timing signal of the controller 28. The
transmission signal generator 1 and the transmitting
amplifier 2 transmit the ultrasonic pulse, for example,
around the portion in the celom by employing the vibra-
tor 5.
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[0072] The vibrator 5 receives a reflecting wave
which is reflected from the biogenic tissue, and the
receiving amplifier 6 amplifies the reception signal to a
predetermined size. The BPF 7 removes an unneces-
sary noise component from the amplified reception sig-
nal, and the GAIN/STC 9 thereafter amplifies the signal
to a predetermined size. In this case, since the propaga-
tion time of the reflecting wave elapses if the portion at
which the ultrasonic pulse is emitted is located remotely,
there might be a possibility to decrease more the level of
the reception signal which received the reflecting wave,
as the elapse of more time. Therefore, in the case, the
control operation by the controller 28 corrects the recep-
tion signal which becomes smaller as the signal is posi-
tioned more remotely, so as to become larger upon the
amplification by the GAIN/STC 9.

[0073] After that, the output of the reception signal
from the GAIN/STC 9 is supplied to the LPF 12, and
thus only the low band component of the supplied signal
passes through the LPF 12. The passing reception sig-
nal is outputted from the receiving/transmitting unit 34 to
the computer 36 side.

[0074] On the side of the computer 36, the recep-
tion signal outputted from the receiving/transmitting unit
34 is inputted to the PC board 35 mounted to the PC
internal bus in the computer 36.

[0075] The reception signal inputted to the PC
board 35 is converted into the digital signal by the A/D
converter 13, and stored into the memory 26 for recep-
tion data. In this case, if storing the data of one frame
into the memory 26 for reception data, the data from the
memory 26 for reception data passes through the PC
internal bus controller 29 connected via the local bus of
the PC board 35, and is transferred to the PC internal
memory 31 in the computer 36 via the PC internal bus.
[0076] With regard to data transfer to the PC inter-
nal memory 31, based on a position signal which is out-
putted from the position detecting circuit 71 by the
rotation of the vibrator 5 and synchronized with the rota-
tion, a start signal of the data transfer is outputted from
the controller 28 to the PC internal bus controller 29,
thereby transferring the data by the PC internal bus con-
troller 29 from the memory 26 for reception data via the
PC internal bus.

[0077] Figs. 8A and 8B illustrate a relationship
between the rotation of the vibrator 5 and the position
signal synchronized with the rotation. Fig. 8A illustrates
the rotation of the vibrator 5 and the position thereof,
and Fig. 8B illustrates the timing among position signals
F and S which are outputted correspondingly to the
rotation of the vibrator 5 in Fig. 8A, a clock signal
(described as a CLK), and a data writing signal indica-
tive of a period for writing echo data to the memory 26
for reception data onto the PC board 35. Note that the
data writing signal is outputted synchronously with logi-
cal change of the position signal S.

[0078] If the vibrator 5 is located at "a" in Fig. 8A,
logical signals of the position signals F and S are out-
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putted to the position "a" in Fig. 8B. If the vibrator 5 is
located at "b" in Fig. 8A, logical signals of the position
signals F and S are outputted to the position "b" in Fig.
8B. "a' " in Fig. 8B shows the signal logic of the position
signals F and S which are outputted when the vibrator 5
in Fig. 8A executes one rotation and located at "a"
again.

[0079] The data writing period in Fig. 8B is "d1".
The CLK signal has a period of 3 CLKs.

[0080] Fig. 9 illustrates the timing when the vibrator
5 rotates faster.
[0081] Referring to Fig. 9, the period of the position

signal S has 2 CLKs. If data is written during the data
write period d1 in Fig. 8B, the timing in this case is over-
lapped to a second data write period when the data writ-
ing operation starts at the trailing of the position signal
S, so that the second data writing operation cannot be
performed. In such a case, the data write period is
shortened by 1 CLK and, therefore, it is possible to
obtain data certainly by making the periods of the posi-
tion signals F and S correspond to the high-speed.
[0082] The data writing period may be set by pre-
paring a register to the controller 29 and accessing the
register by software. Fig. 10 shows one example of the
register.

[0083] When the position signals F and S have tim-
ings in Fig. 9, the number of data writing times (equiva-
lent to a data writing period df) corresponding to the
position signals F and S in Fig. 9 is set to the number of
data writing operations at an address O of the resister
shown in Fig. 10. Based on the setting, the data writing
timing in Fig. 9 is obtained. When the position signals F
and S have timings in Fig. 8B, the number of data writ-
ing times (equivalent to a data writing period d1) corre-
sponding to the position signals F and S in Fig. 8B is set
to the number of data writing times at the address 0 of
the resister shown in Fig. 10. Based on the setting, the
data writing timing in Fig. 8B is obtained.

[0084] It is to be noted that the foregoing does not
limit the relationship among the number of pulses and
the pulse length of the position signals F and S and the
CLK signal in Figs. 8B and 9. Although changing only
the data writing signal which is outputted correspond-
ingly to the periods of the position signals F and S in the
aforementioned case, this doe not limit the adjustment
corresponding to the periods of the position signals F
and S. If there is a signal necessary for adjustment cor-
respondingly to the periods of the position signals F and
S, the signal may be a target of the adjustment and a
register for adjusting a parameter may be prepared in
Fig. 4. Further, a plurality of parameters may be
adjusted correspondingly to the periods of the position
signals F and S.

[0085] Although the foregoing corresponds to the
change in period of the position signal which is obtained
by rotating the vibrator 5 and outputted synchronously
with the rotation, it is sufficient to adapt to the change in
periods of the position signals which are obtained by
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moving the vibrator 5 in the horizontal direction and syn-
chronizing the signal with the rotation. Further, it is suf-
ficient to adapt to the change in position signal which is
outputted synchronously with the drive by combining
the rotation of the vibrator 5 and the horizontal direction
thereof.

[0086] It is possible to reduce the data transfer time
and the load on the arithmetic processing unit 30 upon
data transfer by utilizing a direct memory access
(referred to as a DMA, hereinbelow) to transfer the data
to the computer 36 which is synchronized with the rota-
tion of the vibrator 5, not through the arithmetic process-
ing unit 30 in the computer 36, and transferring
reception data to the PC internal memory 31 from the
memory 26 for reception data once.

[0087] Moreover, Fig. 13 shows a construction
whereby data is DMA-transferred more efficiently.
[0088] Fig. 13 is a block diagram showing a con-
struction of the computer 36 portion in the apparatus
which is constructed to enable data to be DMA-trans-
ferred more efficiently, as mentioned above, and has the
construction to add a memory 37 for DMA transfer to the
PC board local bus as a component element of the PC
board 35 in Fig. 7.

[0089] As shown in Fig. 13, preliminarily stored to
the memory 37 for DMA transfer are an address of a
transfer source, an address of a transfer destination,
and parameters of transfer capacity, etc. under software
which operates on the computer 36 before DMA trans-
fer. In other words, a data transfer starting register of the
PC internal bus controller 29 is made effective by pro-
viding the memory 37 for DMA transfer, thereby ena-
bling the DMA transfer to be executed while the PC
internal bus controller 29 reads out the parameters from
the memory 37 DMA for DMA transfer.

[0090] It is exemplified that it might be impossible to
secure a storing area sequential to the PC internal
memory 31, depending on an OS of the computer 36 as
a transfer destination. If setting the memory 26 for
reception data on the PC board 35 to the address as a
transfer source and the PC internal memory 31 in the
computer 36 to the address as a transfer destination as
well as the capacity of data blocks to be transferred in
the blocks, reception data is transferred from the mem-
ory 26 for reception data on the PC board 35 to the PC
internal memory 31 in the computer 36 by separating
the blocks into a plurality of blocks. Since it is unneces-
sary that the software does not concern the securement
of the address as a transfer source, address as a trans-
fer destination, and the data storing area, upon data
transfer, it is able to reduce the load on the software and
implement the DMA transfer efficiently.

[0091] As mentioned above, the reception data is
transferred to the PC internal memory 31, and the arith-
metic processing unit 30 thereafter executes the proc-
ess as a feature of the present embodiment. That is, the
ultrasonic image data is generated by subjecting the
reception data transferred to the PC internal memory 31
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to the coordinate transformation and interpolating proc-
ess on the program stored to the PC internal memory
31 by the arithmetic processing unit 30. The generated
ultrasonic image data is stored to the PC internal mem-
ory 31, and the ultrasonic image is outputted to the
monitor 21 via the image output unit 33.

[0092] Note that not only the ultrasonic image data
and reception data are stored to the PC internal mem-
ory 31 but also they may be stored to the PC auxiliary
storing device 32 if there is no influence to the process-
ing time of the program.

[0093] The next detailed description turns to the
processing operation which is executed by the DMA
transfer operation and the arithmetic processing unit 30
with reference to Fig. 11.

[0094] Fig. 11 is a flowchart including the process
executed by the DMA transfer operation and the arith-
metic processing unit 30 to explain an example of a con-
trol operation by the arithmetic processing unit (CPU) in
the ultrasonic diagnostic apparatus.

[0095] First of all, if activating the arithmetic
processing unit 30 in the computer 36, the arithmetic
processing unit 30 starts the program by a process in
step S38, and the PC board 35 is initialized, etc. in step
S39.

[0096] After initializing, the processing routine
advances to a process in step S40. By the process, an
operation for fetching the ultrasonic data is instructed to
the PC board 35. The PC board 35 and the receiv-
ing/transmitting unit 34 store the reception signal to the
memory 26 for reception data on the PC board 35, and
the processing routine advances to a process in step
S41.

[0097] In the process in step S41, it is discriminated
whether or not the reception data of one frame is stored
to the memory 26 for reception data. If NO in step S41,
the processing routine returns to a process in step S40,
and the reception data is stored to the memory 26 for
reception data. If YES in step S41 in step S41, the
processing routine advances to a subsequent process
in step S42.

[0098] In the process in step S42, DMA-transferred
to the PC internal memory 31 in the computer 36 is the
reception data stored to the memory 26 for reception
data on the PC board, because the data of one frame is
stored to the memory 26 for reception data. The
processing routine advances to step S43.

[0099] In the process in step S43, it is discriminated
whether or not the DMA transfer ends. If YES in step
S43, the processing routine advances to a series of
processes as coordinate transformation and interpolat-
ing process in step S51. If NO in step S43, the process-
ing routine returns to step S42.

[0100] Before discussing the processes in step
S51, the detailed description turns to a concept of the
coordinate transformation and interpolating process as
a feature of the present invention with reference to Fig.
14.
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[0101] The PC internal memory 31 in the computer
36 is provided with, for instance, an ARM table 57, a
sound ray data memory 58, and an image data memory
59, as shown in Fig. 14.

[0102] Stored to the ARM table 57 are an interpolat-
ing coefficient necessary for generating an arbitrary
pixel and an address of the sound ray data memory 58
to which the reception data is stored.

[0103] The reception data is stored to the sound ray
data memory 58 so that the reception data corresponds
to an r (distance) direction in accordance with the prop-
agation distance during the ultrasonic wave is transmit-
ted and received and a 6 (angle) direction in accordance
with an angle of the vibrator rotation.

[0104] The reception data stored to the sound ray
data memory 58 is stored to the image data memory 59
by the correspondence so that the reception data forms
a radial image by executing the coordinate transforma-
tion and the interpolating process.

[0105] Under the aforementioned construction, if
obtaining an arbitrary pixel P1 in the image data mem-
ory 59, there are read out an interpolating coefficient
corresponding to an arbitrary pixel in the ARM table 57
and the address of the sound ray data memory 58.
[0106] It is exemplified that there are stored to the
ARM table 57 the interpolating coefficient and the
address of the sound ray data memory 58 which stores
the reception data used to obtain the arbitrary pixel P1,
as one set of table data. By performing the calculation
for adding an arbitrary offset to the reception data
address of the table data and reading out the reception
data (S00, S01, S10, and S11) necessary for obtaining
the arbitrary pixel P1 from the sound ray data memory
58, the reception data is coordinate-transformed.
[0107] An interpolating coefficient parameter is cal-
culated from the interpolating coefficient of the table
data which is read out from the ARM table 57. The inter-
polating operation is executed, based on the interpolat-
ing coefficient parameter and the read-out reception
data (S00, S01, S10, and S11). The result is stored to
the image data memory 59.

[0108] The interpolating process in the step to
obtain the arbitrary pixel P1 employs a four-point inter-
polation and the contents thereof are shown in Fig. 16.
[0109] Referring to Fig. 16, S00 to S11 correspond
to the reception data stored to the sound ray data mem-
ory 58 shown in Fig. 14. (S00 and S01) and (S10 and
S11) exist on the same sound rays, respectively. The
pixel P1 is obtained by the interpolating process by the
use of those reception data. Assuming that "a" denotes
the shortest distance (distance in the r direction)
between a line joining S10 and SO0 and the pixel P1; "b"
the shortest distance (distance in the r direction)
between a line joining S11 and S01 and the pixel P1; "c"
the shortest distance (distance in the 6 direction)
between a line joining S10 and S00 and the pixel P1;
and "d" the shortest distance (distance in the 6 direc-
tion) between a line joining S11 and SO01 and the pixel
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P1, it is capable of obtaining the pixel P1 on the basis of
the four points of SO0 to S11 and the parameters "a" to
"d" by the following formulae.

S0 = (al(a+b) » S11) + (b/(a+b) + S10) 1)

S1 = (al(a+b) « SO1) + (b/(a+b) + S00) @)

P1 = (d/(ctd) = SO) + (c/(ctd) = S1) 3)
[0110] If calculating the above formulae (1) to (3)
according to the method shown in Fig. 14, items of
al/(a+b), b/(a+b), d/(c+d), and c/(c+d) are set to inter-
polating coefficients and stored to the ARM table 57,
thereby using the stored interpolating coefficients for
the interpolating process.

[0111] The above formulae (1) to (3) are developed
to a command which can be arithmetically operated by
the arithmetic processing unit 30, thereby executing the
arithmetic operation.

[0112] As exemplified, Fig. 17 shows a case of a
process by the CPU (arithmetic processing unit 30) that
uses an MMX technology produced by Intel Corporation
having a function for processing a plurality of pieces of
data by a single command as the arithmetic processing
unit 30.

[0113] Fig. 17 is the diagram for explaining a sum of
products arithmetic command pmaddwd which is pecu-
liar to the CPU, and as a result of processing data
stored to registers mm1 and mm2, the data is stored to
the register mm1. It is assumed to store the data which
are made different by depending upon a unit of four cor-
ners on the right side, to the registers, in a lump. Note
that the register on the right side is an LSB and that on
the left side is an MSB. If applying the command to the
arithmetic operation based on the formulae (1) and (2),
coordinate-transforming coefficient data is stored to the
register mm1 and the reception data of the sound ray
data memory used for the coordinate transformation is
stored to the register mm2. Thus, the result of the (1)
formula is stored to the higher rank of mm1 and the
result of the formula (2) is stored to the lower rank of
mm2. Therefore, it is able to implement the arithmetic
operation of the formulae (1) and (2) simultaneously by
a single command. So long as utilizing the computer
provided with the CPU having a function for arithmeti-
cally operating the sum of products and the like at a high
speed, it is possible to implement the coordinate-trans-
forming process in real time.

[0114] Although the foregoing description relates to
the CPU (arithmetic processing unit 30) provided with
the MMX technology produced by Intel Corporation, so
long as using the arithmetic processing unit having a
function for processing a plurality of pieces of data
simultaneously by the similar single command, this
does not restrict the CPU.

[0115] The description returns to the processing
routine subsequent to a process in step S44 in the flow-
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chart shown in Fig. 11.

[0116] Referring to Fig. 11, after the end of DMA
transfer by the process in step S43, the processing rou-
tine advances to a process in step S44. The parameters
for coordinate transformation and interpolating process
corresponding to the pixel generated by the process is
read from the ARM table 57 (referred to in Fig. 14). A
process in step S45 is to form the address of the sound
ray data memory 58 to which the reception data neces-
sary for pixel generation and form the interpolating coef-
ficient parameters, based on the ARM table 57.

[0117] In a process in step S46, the reception data
is read from the sound ray data memory 58. In a proc-
ess in step S47, the read-out reception data is sub-
jected to the interpolating process on the basis of the
interpolating coefficient parameters and pixel data is
calculated. The calculated result is stored to the PC
internal memory 31 by a process in step S48, and the
processing routine advances to a process in step S49.
[0118] In a discriminating process in step S49, it is
discriminated whether or not the pixels of the ultrasonic
image of one frame are subjected to the calculating
process on the basis of the processes in steps S44 and
S48. If YES in step S49, that is, it is determined that the
image data of one frame is calculated and the process-
ing routine advances to a process in step S50. If NO in
step S49, the processing routine returns to the process
in step S44 and the process is repeated until the ultra-
sonic image of one frame is obtained.

[0119] After calculating the image data of one frame
in step S49, the result is displayed by the process in
step S50. The processing routine returns to step S41
again, and it is discriminated whether or not the one-
frame data is stored to the memory 26 for reception data
on the PC board 35 by the process in step S41.

[0120] The processes in steps S40 to 43 may be
processed as a task to be executed separately from the
process in step S51. Consequently, it is possible to
implement the processes from the process for fetching
the ultrasonic data in step S40 to the process for trans-
ferring data from the PC board to the PC memory in
step S42 without waiting for the process in step S51, so
that it is possible to use the processing capacity of the
computer 36 and improve the processing capacity.
[0121] According to the present embodiment, the
program processed on the basis of the flowchart in Fig.
11 is stored to the PC auxiliary storing device 32 before
initializing the computer 36, stored to the PC internal
memory 31 after initializing the computer 36, and exe-
cuted.

[0122] According to the present invention, the data
processing step shown in Fig. 11 is changed as shown
in Fig. 12 in the construction in which the computer 36
is used, and to thereby enable the addition of the display
function except for displaying the radial image. The
description now turns to the construction and operation
of the above-stated ultrasonic diagnostic apparatus.
[0123] The whole construction of the ultrasonic
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diagnostic apparatus is almost as the same as that of
the apparatus shown in Fig. 7. The following operations
are the almost as same as the operations expressed in
the flowchart shown in Fig. 11, namely, the ultrasonic
wave is transmitted and received by the vibrator 5 and
receiving/transmitting unit 34 and stored to the memory
26 for reception data as the reception data digitized by
the PC board 35, the data is transferred to the PC inter-
nal memory 31 by the DMA transfer, using the PC inter-
nal bus controller 29, the transferred data is subjected to
the coordinate transformation and interpolating process
by the processes in step S51, and the ultrasonic image
of one frame is generated.

[0124] It is different that as shown in Fig. 12, after
generating the ultrasonic image of one frame, the
processing routine does not shift to the process (in step
S50, refer to Fig. 11) which is displayed by the ultrasonic
image data, but shifts to the routine subsequent to step
S52 in which a discriminating process for the linear
image display.

[0125] That is, referring to Fig. 12, the arithmetic
processing unit 30 discriminates whether or not the out-
put mode selected in the process in step S52 displays
only the linear image. If YES in step S52, the processing
routine advances to step S53, and only the linear image
based on the data is displayed. By contrast, If NO in
step S52, it is discriminated whether or not the output
mode displays an image obtained by combining the
radial image and the linear image. If it is determined that
the output mode displays the image obtained by com-
bining the radial image and the linear image, the
processing routine advances to step S55, thereby dis-
playing the image by combining the radial image and
the linear image. If it is determined that the output mode
does not display by combining the radial image and the
linear image, the processing routine advances to step
S56, thereby controlling to display only the radial image.
[0126] It is to be noted that the discriminating order
regarding the display of the radial image and linear
image is not limited by that in the processes in steps
S52 to S56, and may be controlled so as to be changed.
[0127] The further detailed description turns to the
method of constructing the linear image included in the
processes in steps S53 and S55 with reference to Fig.
15. Fig. 15 is an explanatory diagram for explaining the
method of constructing the linear image when display-
ing the linear image by the process by the arithmetic
processing unit.

[0128] Referring to Fig. 15, image data 60 to 63 is
image data generated by the process in step S51 in Fig.
12. Herein, the explanation relates to a case to store
image data of four frames for simple explanation. It is
noted that the number of frames can be increased in the
scope in which no trouble causes in view of the capacity
of the PC internal memory 31 and the processing
capacity of the arithmetic processing unit 30, and it is
not restricted by this number of frames.

[0129] A cutting plane 65 is set to the image data 60
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to 63. Image data of a cutting-plane line formed by the
intersection of the cutting plane 65 and the image data
60 to 63 is stored to a linear image memory 64 toward
the frame increasing direction. The result of storing the
image data to the linear image memory 64 becomes the
linear image.

[0130] So long as a probe having the ultrasonic
vibrator is fixed to the position, the linear image can be
observed as change in radial image of an arbitrary cut-
ting plane due to the elapse of time. The linear image
also can be observed as a cutting-plane image of a
moved portion if the probe is moved.

(Effects)

[0131] Therefore, according to the present embodi-
ment, the reception data obtained by the recep-
tion/transmission is fetched in the PC from the PC
board, the program initialized by the computer is used,
the arithmetic processing unit executes the coordinate
transformation and the interpolating process, and the
image is outputted from the image output unit in the PC,
thereby enabling the image based on the output mode
to be displayed to the monitor. Accordingly, it is possible
to construct the ultrasonic diagnostic apparatus without
using the dedicated circuit for executing the coordinate
transformation and interpolating process, which causes
the circuit to be made complicated and large costs,
thereby largely contributing to small costs of the ultra-
sonic diagnostic apparatus.

[0132] The arithmetic processing unit conducts the
coordinate transformation and interpolating process,
the ultrasonic image obtained as a result is stored to the
storing device, an arbitrary cutting plane of the ultra-
sonic image is cut out, the cut-out images are coupled,
the coupled image is outputted as a linear image from
the image output unit in the computer, thereby enabling
the monitor display of the linear image in addition to the
radial image. Therefore, it is possible to provide the
ultrasonic diagnostic apparatus whose costs are sup-
pressed, without necessitating a dedicated circuit for
generating the linear image which causes the circuit to
be made complicated and large costs. Further, since
the linear image is generated on software and the sim-
ple correspondence is possible by adding a function to
the software to generate the radial image, it is possible
to add a display function of the ultrasonic image simply
and with low costs, thereby largely contributing to the
improvement in equipment performance of the ultra-
sonic diagnostic apparatus.

Third embodiment:
(Constitution)
[0133] A third embodiment is almost as same as the

second embodiment. Therefore, only a different point is
described and the same reference numeral denote the
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same component element and the description is omit-
ted.

[0134] According to the present embodiment, the
whole construction of the ultrasonic diagnostic appara-
tus is almost as the same as the apparatus of the sec-
ond embodiment shown in Fig. 7. Differently from the
apparatus of the second embodiment, as shown in Fig.
18, the apparatus of the present embodiment is charac-
terized by the construction by adding: an interface
(referred to as an I/F, hereinafter) 66 which is connected
onto the PC internal bus in the computer 36; and a track
ball 67 and a console (keyboard) 68 as operating means
which is electrically connected to the I/F 66.

[0135] The I/F 66 receives an operation instructing
signal from the track ball 67 or console 68, and supplies
the received operation instructing signal to the arithme-
tic processing unit 30.

[0136] The track ball 67 and console 68 are means
necessary for scroll-displaying an image. The usage of
the operating means enables the operation instruction
signal to be supplied to the arithmetic processing unit
30 via the I/F 66. The arithmetic processing unit 30 rec-
ognizes the operation instructing signal and executes
the display control based on the operational signal, e.g.,
scroll display control.

(Operation)

[0137] According to the present embodiment, the
ultrasonic diagnostic apparatus operates, almost simi-
larly to that of the first embodiment. That is, the arithme-
tic processing unit 30 in the computer 36 performs
processes and operates for a series of processes (the
processes in step S51) up to the image output shown in
the flowchart in Fig. 11, almost similarly to the first
embodiment.

[0138] In the step of the data processing, when
operating the track ball 67 and the console 68 shown in
Fig. 18, the arithmetic processing unit 30 determines
that the scroll display mode is conducted, and imple-
ments a process necessary for scroll display on the
basis of the operation instructing signal from the track
ball 67 and the console 68. The concept of the scrolling
process in this case is discussed with reference to Figs.
19A to 19C.

[0139] Fig. 19A to 19C illustrate output image dis-
play in accordance with a state to writing data to the
ARM table for explaining the scroll display process: Fig.
19A a state without the scroll display; Fig. 19B a state in
which a scrolling range shifts to the upper portion in the
picture plane; and Fig. 19C a state in which the scrolling
range shifts to the lower portion in the picture plane.
[0140] As shown in Figs. 19A to 19C, stored into the
ARM table 57 are the interpolating coefficient for obtain-
ing an arbitrary pixel corresponding to a scrolling range
70 which is over an output image area 69; and the
address of the sound ray data memory 58 in which the
reception data is stored. Note that it is assumed that the
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sound ray data memory 58 which has the reception data
stores the reception data that is over the output image
area 69 as well.

[0141] Unless the scroll display is implemented, the
arithmetic processing unit 30 refers to a parameter
within a range between addresses a0 and a1, and con-
trols to execute the coordinate transformation and the
interpolating process in order to generate the ultrasonic
image indicated to the output image area 69, as shown
in Fig. 19A.

[0142] If the user operates the track ball 67 and the
console 68 and the operation instructs the arithmetic
processing unit 30 to scroll-display the image to the
upper side in the picture plane, the arithmetic process-
ing unit 30 shifts the address referred to by the ARM
table 57 to a range between addresses b0 and b1, as
shown in Fig. 19B, and the operation is controlled by
using the parameter within the range of b0 to b1 so as
to perform the coordinate transformation and the inter-
polating process. Accordingly, the output image area 69
shifts to the upper side of the scrolling range 70, as
compared with the image display shown in Fig. 19A
which is not scroll-displayed, and the outputted ultra-
sonic image is scrolled and displayed to the upper por-
tion in the picture plane.

[0143] If the user operates the track ball 67 and the
console 68 and the operation instructs the arithmetic
processing unit 30 to scroll-display the image to the
lower side in the picture plane, the arithmetic process-
ing unit 30 shifts the address referred to by the ARM
table 57 to a range between addresses c0 and c1, as
shown in Fig. 19C, and the operation is controlled by
using the parameter within the range of c0 to c1 so as to
perform the coordinate transformation and the interpo-
lating process. Accordingly, the output image area 69
shifts to the lower side of the scrolling range 70, as com-
pared with the image display shown in Fig. 19A which is
not scroll-displayed, and the outputted ultrasonic image
is scrolled and displayed to the lower portion in the pic-
ture plane.

[0144] According to the present embodiment, the
arithmetic processing unit 30 can conduct the display
process, corresponding to the output modes. Obviously,
it is also able to operate the linear image operating proc-
ess in the same manner as that of the second embodi-
ment.

(Effects)

[0145] According to the present embodiment, in
addition to obtain the same effects as those of the ultra-
sonic diagnostic apparatus according to the second
embodiment, on the program to generate the ultrasonic
image, the arithmetic processing unit executes the pro-
gram for subjecting only the data of the image output
area to the coordinate transformation and the interpolat-
ing process from the position instructed by an arbitrary
control instructing device and read out from the sound
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ray data memory in which the reception data more than
the display area is stored. Thus, it is possible to scroll-
display an image, unnecessitating a dedicated control
circuit for implementing the scroll. It is possible to con-
struct the ultrasonic diagnostic apparatus to which the
scroll display function is added with a simple construc-
tion and low costs, and largely contribute to the
improvement in equipment performance.

[0146] According to the second and third embodi-
ments, the system comprises: the receiving/transmitting
unit 34; and the computer 36 which is electrically con-
nected thereto and has the PC board 35. By storing to
the storing means in the PC board 35, the program for
executing the process such as the coordinate transfor-
mation and the interpolating process in accordance with
the image output mode and executing the program by
the arithmetic processing unit, the process is performed
in accordance with the image output mode. The above
program may be stored to another storing means
detachable to the computer and the process may be
implemented by the use of the storing means.

[0147] According to the present invention, it is
apparent to construct embodiments different within a
wide range on the basis of the present invention without
departing the spirit and scope of the present invention.
The present invention is not limited by the specific
embodiment except for being limited by the appended
claims of the present invention.

Claims

1. An ultrasonic diagnostic apparatus which is con-
nected to a receiving/transmitting unit for driving an
ultrasonic vibrator every arbitrary timing, transmit-
ting an ultrasonic wave to an ultrasonic probe hav-
ing said ultrasonic vibrator, receiving and detecting
an obtained echo signal, and outputting the signal
as reception data of an analog signal, characterized
by comprising:

a computer for subjecting the reception data of
said analog signal outputted from said trans-
mitting/receiving unit to a signal process, in that
said computer has a computer board for con-
verting the reception data of said analog signal
outputted from said receiving/transmitting unit
into a digital signal, transferring said digital sig-
nal to a computer internal bus, and controlling
said receiving/transmitting unit.

2. An apparatus according to claim 1, characterized in
that said computer board comprises:

an A/D converter for converting the reception
data of said analog signal into the digital signal;
a memory for storing the reception data which
is digitally converted by said A/D converter;

a data width controller for controlling a plurality
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of pieces of reception data stored to said mem-
ory to be arranged with a data bus width of said
computer internal bus; and

a computer internal bus controller for transfer-
ring said plurality of pieces of reception data
stored to said memory to said computer inter-
nal bus once by said data width controller.

3. An apparatus according to claim 1, characterized in
that said computer board comprises:

a controller for controlling said receiving/trans-
mitting unit and controlling a circuit on the com-
puter board;

a wiring data memory for storing wiring data of
said controller;

a computer internal bus controller for control-
ling access among said controller, said wiring
data memory, and said computer internal bus.

4. An apparatus according to claim 1, characterized in
that said computer comprises:

a temporary storing unit for temporarily storing
data transferred from said computer board;

a storing unit for storing a program to subject
the data to a coordinate-transforming process
and generate an ultrasonic image; and

an arithmetic processing unit for generating the
ultrasonic image by executing the program.

5. An apparatus according to claim 4, characterized in
that said computer generates the ultrasonic image
on the basis of the data transferred from said com-
puter board, additionally,

said storing unit further stores a program to cut
out the ultrasonic images of a plurality of
frames at a common arbitrary position, couple
segmented ultrasonic images which are
obtained, and output the images as an ultra-
sonic tomogram, and

said arithmetic processing unit further gener-
ates the ultrasonic image and the ultrasonic
tomogram by executing said program.

6. An apparatus according to claim 4, characterized
by further comprising an input device which is oper-
ated from the outside and inputs data, in that

said storing unit further stores a program to
change a read-out position of data on a display
area of the ultrasonic image transferred from
said computer board in accordance with an
instruction of said input device and generate
the ultrasonic image by performing the coordi-
nate-transforming process, and

said arithmetic processing unit further executes
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said program.

An apparatus according to claim 4, characterized in
that said storing unit further stores a program to set
an address of the reception data necessary for gen-
erating an arbitrary pixel of the ultrasonic image
and an interpolating coefficient necessary for
obtaining an arbitrary pixel by performing an inter-
polating process on the basis of the reception data
to one item of reference data, and generate the
ultrasonic image by performing the coordinate
transformation and the interpolating process on the
basis of the reception data by the use of the refer-
ence data, and

said arithmetic processing unit further executes
said program.

An apparatus according to claim 4, characterized
by further comprising:

a driving unit for driving said ultrasonic vibrator
mechanically;

an output unit for outputting a position signal
indicative of a position of said ultrasonic vibra-
tor which shifts by said driving unit; and

a controller mounted to said computer board
which generates a timing signal to the receiv-
ing/transmitting unit on the basis of said posi-
tion signal and has a changeable function by
the computer program by causing the timing
signal to correspond to a period of the position
signal.

9. An apparatus according to claim 1, characterized in

that said computer comprises:

a first connecting unit which is detachable to an
ultrasonic receiving/transmitting unit having an
ultrasonic vibrator to input an ultrasonic recep-
tion signal obtained by said ultrasonic receiv-
ing/transmitting unit;

a driving control unit for generating a control
signal to drive said ultrasonic vibrator;

a second connecting unit which is detachable
to said ultrasonic receiving/transmitting unit to
output the control signal from said driving con-
trol unit to the ultrasonic vibrator of said ultra-
sonic receiving/transmitting unit;

a first storing unit for storing the ultrasonic
reception signal inputted from said first con-
necting unit as ultrasonic data;

a second storing unit for storing a coordinate-
transforming program to subject the ultrasonic
data stored to said first storing unit to a coordi-
nate-transforming process and generate an
ultrasonic image; and

an arithmetic processing unit for generating
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ultrasonic image data which is coordinate-
transformed from the ultrasonic data stored to
said first storing unit by reading out said coordi-
nate-transforming program from said second
storing unit and executing said coordinate-
transforming program.

An apparatus according to claim 1, characterized in
that said computer board comprises: a first con-
necting unit which is detachable to an ultrasonic
receiving/transmitting unit having an ultrasonic
vibrator to input an ultrasonic reception signal
obtained by said ultrasonic receiving/transmitting
unit; a driving control unit for generating a control
signal to drive said ultrasonic vibrator; a second
connecting unit which is detachable to said ultra-
sonic receiving/transmitting unit to output the con-
trol signal from said driving control unit to the
ultrasonic vibrator of said ultrasonic receiving/trans-
mitting unit; and a third connecting unit which is pro-
vided for said ultrasonic control unit to input and
output a signal from said ultrasonic control unit, and

said computer comprises:

a forth connecting unit which is detachable to
said third connecting unit;

a first storing unit for storing the ultrasonic
reception signal inputted from said forth con-
necting unit as ultrasonic data;

a second storing unit for storing a coordinate-
transforming program to subject the ultrasonic
data stored to said first storing unit to a coordi-
nate-transforming process and generate an
ultrasonic image; and

an arithmetic processing unit for generating
ultrasonic image data which is coordinate-
transformed from the ultrasonic data stored to
said first storing unit by reading out said coordi-
nate-transforming program from said second
storing unit and executing said coordinate-
transforming program.

An apparatus according to claim 1, characterized in
that said computer board comprises: a first con-
necting unit which is detachable to said ultrasonic
receiving/transmitting unit to input the ultrasonic
reception signal obtained by said ultrasonic receiv-
ing/transmitting unit; a driving control unit for gener-
ating a drive signal for driving said ultrasonic
vibrator; a second connecting unit which is detach-
able to said ultrasonic receiving/transmitting unit to
output the drive signal from said driving control unit
to the ultrasonic vibrator of said ultrasonic receiv-
ing/transmitting unit; and a third connecting unit for
outputting the ultrasonic input signal inputted from
said first connecting unit, and

said computer comprises:
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a forth connecting unit which is detachable to
said third connecting unit;

a first storing unit for storing the ultrasonic
reception signal inputted from said forth con-
necting unit as ultrasonic data;

a second storing unit for storing a coordinate-
transforming program to subject the ultrasonic
data stored to said first storing unit to a coordi-
nate-transforming process and generate an
ultrasonic image; and

an arithmetic processing unit for generating
ultrasonic image data which is coordinate-
transformed from the ultrasonic data stored to
said first storing unit by reading out said coordi-
nate-transforming program from said second
storing unit and executing said coordinate-
transforming program.
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