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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to 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.

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 therefor, this is an indispensable apparatus for a clinical medicine 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] EP 0802 424 A2 discloses a diagnostic ultrasonic imaging system having an ultrasonic vibrator connected to
a transmitter/receiver in a ultrasonic driver unit, an image processing unit connected to the ultrasonic driver unit and
receiving A/D converted US image pixel data therefrom. The received image pixel data are transformed in a polar
coordinate transform unit and sent via a system bus to an image data memory. The image data stored in the data memory
are processed by an image processor, for example to generate a tomographic image, to extract boundary surfaces of
the probe and to provide further coordinate transformation.

[0004] In the following and with reference to Figs. 20 and 21 two embodiments of ultrasonic diagnostic apparatus are
described for explaining the context of the invention. Such arrangements are internally known to the Applicant and
represent unpublished prior knowledge.

[0005] Fig. 20 is block diagram showing a constructional example of a conventional ultrasonic diagnostic apparatus
of a mechanical scanning system.

[0006] As shown in Fig. 20, the ultrasonic diagnostic apparatus of the mechanical scanning system is provided 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.

[0007] 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 synchronized 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 supplied to the vibrator 5, thereby emitting the ultrasonic pulse, for example, to the internal part of the biological
material.

[0008] 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 predetermined size by a GAIN/STC
9 as a variable amplifier capable of varying an amplification factor.

[0009] 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 converts 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.

[0010] 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 process 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.

[0011] Fig. 21 is a block diagram showing a constructional example of a conventional ultrasonic diagnostic apparatus
of a mechanical scanning system in case of adding a linear display function to the ultrasonic diagnostic apparatus show
in Fig. 20.

[0012] As the above-stated ultrasonic diagnostic apparatus, in this kind of ultrasonic diagnostic apparatus as shown
in Fig. 21, the motor driving circuit 3 is controlled in response to the timing signal of the controller 22 and the vibrator 5
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is rotated. Synchronously with the timing signal of the controller 22, the vibrator 5 receives and transmits an ultrasonic
wave.

[0013] Only a predetermined signal is amplified and taken out of the reception signal by the receiving amplifier 6, BPF
7, detecting circuit 8, and GAIN/STC 9. The A/D converter 13 converts the taken-out signal to a digital 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 aforementioned operation is as same as
that of the apparatus shown in Fig. 20, and conducted at a predetermined periodic interval until the end of one rotation
of the vibrator 5.

[0014] 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 the interpolating circuit 18.
In the interpolating circuit 18, the LUT 19 for interpolating process executes the interpolating process for the supplied
data, and the interpolated 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 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 designated by the radial image which is subjected
to the interpolating process as much as a plurality of frames.

[0015] 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 circuit 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 display a radial image or a linear image based on the reception data, or an image corresponding to both of them.
[0016] Referringto Figs. 20 and 21, when the rotational 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 thatin 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 coordinate transfor-
mation and address controller 16 are changed corresponds thereto.

[0017] However, the FIFO 14, memory 15, address controller 16, and LUT 17 for coordinate transformation are nec-
essary for coordinate-transforming the reception data which the A/D converter 13 converts into the digital data by the
conventional ultrasonic diagnostic apparatus. The interpolating circuit 18 and LUT 19 for interpolating 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
necessary, 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 inter-
polating process, a dedicated memory for storing the data is made necessary, the circuit scale is increased, and thus
costs also become expensive.

[0018] When changing the timing to fetch the reception 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.

[0019] In order to cut out an arbitrary position of the radial image obtained by the coordinate transformation 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 controller 24 for generating the linear image. The radial image and linear image
are combined and displayed and, therefore, there are necessitated the radial image memory 25a and linear image
memory 25b as the image memory 25 and the image output controller 24 for controlling 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.

[0020] 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 connected scanner (such as sector scanning, linear scanning, radial scanning, variation
in rotational speed of the vibrator, 3D scanning, and scanning line density variation). Therefore, it is necessary to change
the design of the controller 22 and the address controller 16 for controlling the FIFO 14 and memory 15, or provide a
memory 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 different period
and the like by the design change of the controller 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 necessary 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.
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SUMMARY OF THE INVENTION

[0021] Itis an object of this invention to provide an ultrasonic diagnostic apparatus performing first coordinate trans-
formation.

[0022] The invention is defined in claim 1. Particular embodiments are set out in the dependent claims.

[0023] According to certain aspects of 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 reception data of an analog signal, comprising a computer for subjecting
the reception data of the analog signal 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 computer internal bus, and controlling the receiving/
transmitting unit.

[0024] Itis also on advantage of the ultrasonic diagnostic apparatus, to be capable of adding and executing various
display functions with a simple construction and low costs unless utilizing a processing circuit which causes the compli-
cation and large costs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

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 construction of a timing controller in Fig. 1; Fig. 3 is a constructional diagram showing
a specific construction 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 construction of a
main portion of a first modification of the ultrasonic diagnostic apparatus of the mechanical scanning system in Fig.
1; and Fig. 6 is a constructional diagram showing a construction of a main portion of a second modification of the
ultrasonic diagnostic apparatus of the mechanical scanning 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 signal synchronized with the rotation; Fig.
8B is a second diagram showing a relationship between the rotation of the vibrator and the position signal synchro-
nized 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 register 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
operation 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 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 processing
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 presentinvention; Fig. 18 is a block diagram showing a construction
of the ultrasonic diagnostic apparatus 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 construction of one example of an ultrasonic diagnostic apparatus of
the mechanical scanning system described for explanatory purposes, and

Fig. 21 is a block diagram showing the whole construction of another ultrasonic diagnostic apparatus of the me-
chanical scanning system capable of linear image display described for explanatory purposes.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] An embodiment of the present invention will be now described with reference to the drawings.
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First embodiment:
(Constitution)

[0027] As shown in Fig. 1, an ultrasonic diagnostic apparatus 101 of a mechanical scanning system according to the
presentembodiment comprises: a receiving/transmitting unit 104 for receiving and transmitting an ultrasonic wave from/to
an ultrasonic vibrator 102; and a personal computer (referred to as a PC, hereinlater) 110.

[0028] 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/transmitting 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.

[0029] The receiving/transmitting unit 104 comprises: a transmission signal generator 111 and a transmitting amplifier
112 for emitting an ultrasonic pulse in vivo from the ultrasonic vibrator 102; a receiving amplifier 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 component; 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.

[0030] 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 converter 122 for A/D converting the output of the GAIN/STC 117 via the LPF 116
in the receiving/transmitting 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 amplification data from the GAIN/STC 117 as digital data,
making the amplification data synchronous with the timing 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 corresponding 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.

[0031] Itis 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.

[0032] 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.

[0033] 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 controller 121 which is transferred from the PC 110 via the local bus 127. Upon starting the
PC 110 again, the timing controller 121 reads the wiring data from the memory 131 for wiring data, thereby making the
specification of the timing controller 121 changeable.

(Operation)

[0034] The next description turns to the operation of the above-constructed ultrasonic diagnostic apparatus of the
mechanical scanning system according to the present embodiment.

[0035] 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 controller 121, the signal is transmitted
to the ultrasonic vibrator 102 through the transmission signal generator 111 and the transmitting amplifier 112, and the
ultrasonic vibrator 102 transmits an ultrasonic pulse in vivo.

[0036] The ultrasonic vibrator 102 receives an ultrasonic echo signal of the ultrasonic pulse from the biological material,
and the receiving amplifier 113 amplifies the reception signal to a predetermined size. The BPF 114 removes an unnec-
essary 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 amplification data of the digital data stored to the
memory 124 for GAIN/STC, the GAIN/STC 117 amplifies the reception signal subjected to the detecting process to a
predetermined 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 signal from the GAIN/STC 117 passes through the LPF 116, and is outputted from
the receiving/transmitting unit 104 to the PC 110.
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[0037] 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.

[0038] Fig. 3 illustrates a state of storing the reception data to the memory 123 for reception data.

[0039] As shown in Fig. 3, in the case where the A/D converter 122 has a resolution of 8 bits, the memory 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 memory 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.

[0040] 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 forth memories 123a to 123d every sample. The reception 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.

[0041] 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.

[0042] Asshownin Fig. 4, samplesO0, 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; samples 2, 6, ---, 510 of
the sound ray No. n the third memory 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 comprising 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.

[0043] 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.
[0044] 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)

[0045] According to the present embodiment, after storing the reception data of one frame which is collected 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 diagnostic apparatus of a mechanical scanning system whose costs are suppressed without needing
to use a dedicated complicated circuit for the coordinate-transforming process, etc.

[0046] Reduced is the number of data transferred to 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.

[0047] 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.

[0048] 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 timing controller 121 reads the wiring data from the memory 131 for wiring data, thereby
enabling the change of the specification of the timing controller 121. As a consequence, it is capable of adding a function
simply.

[0049] 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.

[0050] 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 memories are combined, exemplifying the combination of the first memory 123a and the
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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.

[0051] 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/transmitting unit 104, and the analog signal may be converted into the digital signal and
outputted to the memory 123 for reception data on the PC board 108, as shown in Fig. 5.

[0052] 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.

[0053] 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/transmitting unit 104, the reception data is temporarily stored to the FIFO 151, and
a data output controller 152 provided 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)

[0054] Referring to Fig. 7, the same reference numerals denote the same element components as those of the appa-
ratus 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 element components, without using the coordinate transformation and the interpolating dedicated circuit
which cause the complication and the large costs. The system is also constructed to enable the execution of the process
for coordinate-transformation and interpolation, etc. under the control operation by the PC board in the computer 36.
[0055] According to a specific construction as shown in Fig. 7, the ultrasonic diagnostic apparatus of the present
embodiment comprises: the receiving/transmitting unit 34 including the transmission signal generator 1 and the trans-
mitting amplifier 2; the vibrator 5, the position detecting circuit 71, the motor 4, and the motor driving circuit 3 which are
connected to the receiving/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.

[0056] The receiving/transmitting unit 34 is a portion 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.

[0057] The transmission signal generator 1 oscillates a transmission signal as a reference by the control operation of
a controller 28 in the computer 36, and supplies the oscillation signal to the transmitting amplifier 2. The transmitting
amplifier 2 amplifies the oscillation signal, 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.

[0058] 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 circuit 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.

[0059] 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 ultrasonic pulse. The vibrator
5 also sets transmission signal supplied from the transmitting amplifier 2 to an ultrasonic pulse and emits the ultrasonic
pulse, for instance, in vivo, in accordance with the rotation.

[0060] 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.

[0061] 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 predetermined 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.

[0062] The receiving/transmitting unit 34 is electrically connected to the PC board 35 in the computer 36 provided
newly, via connecting means (not shown) which is provided for the computer 36.

[0063] The PCboard 35is aboard mounted to the a bus in the computer 36 detachably, and comprises: a D/A converter
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10; the A/D converter 13; the memory 26 for reception data; a memory 27 for GAIN/STC; the controller 28; and an PC
internal bus controller 29.

[0064] The controller 28 is connected to the transmission 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.

[0065] Stored to the memory 27 for GAIN/STC is information necessary for varying the amplification factor of the
GAIN/STC 9 in the receiving/transmitting unit 34. The D/A converter 10 analog-converts the information 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 amplification factor of the GAIN/STC 9.

[0066] The A/D converter 13 is connected to the LPF 12 in the receiving/transmitting unit 34, digital-converts 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.

[0067] 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.

[0068] 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 ultrasonic image is connected to the image output unit 33 in the computer 36 through connecting means of the
computer (not shown).

[0069] 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.
[0070] The PC auxiliary storing device 32 is a spare storing device, can store, for instance, a program necessary for
the arithmetic process, the reception data, and the like, and also can use a storing area of the PC auxiliary device 32 if
the storing area is insufficient in accordance with the process such as the arithmetic process.

[0071] 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 processed by the computer 36.

(Operation)

[0072] The next description turns to the operation of the ultrasonic diagnostic apparatus shown in Fig. 7.

[0073] 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.

[0074] 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. Synchronously with the fetched signal, the vibrator 5 is synchronized 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 vibrator 5.

[0075] 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 unnecessary noise component from
the amplified reception signal, and the GAIN/STC 9 thereafter amplifies the signal to a predetermined size. In this case,
since the propagation 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 reception
signal which becomes smaller as the signal is positioned more remotely, so as to become larger upon the ampilification
by the GAIN/STC 9.

[0076] 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 signal is outputted from
the receiving/transmitting unit 34 to the computer 36 side.

[0077] On the side of the computer 36, the reception 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.

[0078] 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 reception 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
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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.

[0079] With regard to data transfer to the PC internal memory 31, based on a position signal which is outputted from
the position detecting circuit 71 by the rotation of the vibrator 5 and synchronized with the rotation, 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 controller 29 from the memory 26 for reception data via the PC internal bus.

[0080] Figs.8Aand8Biillustrate arelationship 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 indicative 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 logical change
of the position signal S.

[0081] If the vibrator 5 is located at "a" in Fig. 8A, logical signals of the position signals F and S are outputted 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.

[0082] The data writing period in Fig. 8B is "d1". The CLK signal has a period of 3 CLKs.

[0083] Fig. 9 illustrates the timing when the vibrator 5 rotates faster.

[0084] Referring to Fig. 9, the period of the position signal S has 2 CLKs. If data is written during the data write period
d1in Fig. 8B, the timing in this case is overlapped to a second data write period when the data writing 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 position signals F and S correspond to the high-speed.

[0085] The data writing period may be set by preparing a register to the controller 29 and accessing the register by
software. Fig. 10 shows one example of the register.

[0086] When the position signals F and S have timings in Fig. 9, the number of data writing times (equivalent 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 0 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 writing times (equivalent to a data writing period
d1) corresponding 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.

[0087] Itis 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 correspondingly 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 correspondingly 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.

[0088] 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 moving the vibrator 5 in the horizontal direction and synchronizing the signal with the
rotation. Further, it is sufficient 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.

[0089] 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 rotation of the vibrator 5, not through the arithmetic processing unit 30 in the computer
36, and transferring reception data to the PC internal memory 31 from the memory 26 for reception data once.

[0090] Moreover, Fig. 13 shows a construction whereby data is DMA-transferred more efficiently.

[0091] Fig. 13is ablock diagram showing a construction of the computer 36 portion in the apparatus which is constructed
to enable data to be DMA-transferred 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.

[0092] As shownin 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 transfer. In other words, a data transfer starting register of the PC internal bus controller 29
is made effective by providing the memory 37 for DMA transfer, thereby enabling 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.

[0093] 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
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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 memory 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 unnecessary that the software does not concern the securement of the
address as a transfer source, address as a transfer 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.

[0094] As mentioned above, the reception data is transferred to the PC internal memory 31, and the arithmetic process-
ing unit 30 thereafter executes the process 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 to the coordinate transformation
and interpolating process 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 memory 31, and the ultrasonic image is outputted to the
monitor 21 via the image output unit 33.

[0095] Note that not only the ultrasonic image data and reception data are stored to the PC internal memory 31 but
also they may be stored to the PC auxiliary storing device 32 if there is no influence to the processing time of the program.
[0096] 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.

[0097] Fig. 11isaflowchartincluding the process executed by the DMA transfer operation and the arithmetic processing
unit 30 to explain an example of a control operation by the arithmetic processing unit (CPU) in the ultrasonic diagnostic
apparatus.

[0098] 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.

[0099] 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 receiving/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.

[0100] 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.

[0101] 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.

[0102] 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 interpolating process in step
S51. If NO in step S43, the processing routine returns to step S42.

[0103] 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.

[0104] 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.

[0105] Stored to the ARM table 57 are an interpolating coefficient necessary for generating an arbitrary pixel and an
address of the sound ray data memory 58 to which the reception data is stored.

[0106] 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 propagation distance during the ultrasonic wave is transmitted and received
and a 6 (angle) direction in accordance with an angle of the vibrator rotation.

[0107] 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 transformation and the
interpolating process.

[0108] Under the aforementioned construction, if obtaining an arbitrary pixel P1 in the image data memory 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.

[0109] 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.

[0110] An interpolating coefficient parameter is calculated from the interpolating coefficient of the table data which is
read out from the ARM table 57. The interpolating operation is executed, based on the interpolating coefficient parameter
and the read-out reception data (S00, S01, S10, and S11). The result is stored to the image data memory 59.
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[0111] The interpolating process in the step to obtain the arbitrary pixel P1 employs a four-point interpolation and the
contents thereof are shown in Fig. 16.

[0112] Referring to Fig. 16, SO0 to S11 correspond to the reception data stored to the sound ray data memory 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 S00 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 SO0 and the pixel P1; and "d" the shortest distance (distance in the 6 direction) between
a line joining S11 and S01 and the pixel P1, it is capable of obtaining the pixel P1 on the basis of the four points of S00
to S11 and the parameters "a" to "d" by the following formulae.

S0 = (a/(a+b)-S11l) + (b/(a+b)-S10).. (1)
S1 = (a/(a+b)-S01) + (b/(a+b)-S00).. (2)
Pl = (d/(c+d)-S0) + (c/(c+d)-Sl).. (3)

[0113] If calculating the above formulae (1) to (3) according to the method shown in Fig. 14, items of a/(a+b), b/(a+b),
d/(c+d), and c/(c+d) are set to interpolating coefficients and stored to the ARM table 57, thereby using the stored
interpolating coefficients for the interpolating process.

[0114] 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.

[0115] 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.

[0116] Fig. 17 is the diagram for explaining a sum of products arithmetic command pmaddwd which is peculiar 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 corners 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 arithmetically operating the sum of products and the like at a high speed, it is possible to implement the
coordinate-transforming process in real time.

[0117] 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.

[0118] The description returns to the processing routine subsequent to a process in step S44 in the flowchart shown
in Fig. 11.

[0119] Referring to Fig. 11, after the end of DMA transfer by the process in step S43, the processing routine 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 necessary for pixel generation and form the
interpolating coefficient parameters, based on the ARM table 57.

[0120] In a process in step S46, the reception data is read from the sound ray data memory 58. In a process in step
S47, the read-out reception data is subjected 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.

[0121] 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 processing routine advances to a
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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 ultrasonic image of one frame is obtained.

[0122] 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.

[0123] 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 transferring 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.

[0124] 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 executed.

[0125] 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.

[0126] The whole construction of the ultrasonic 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 internal memory 31 by the DMA transfer, using the PC internal 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.

[0127] Itis 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.

[0128] That is, referring to Fig. 12, the arithmetic processing unit 30 discriminates whether or not the output 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 combining the radial image and the linear image, the
processing routine advances to step S55, thereby displaying 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.

[0129] Itis 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.

[0130] 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 displaying the linear image by the process by the arithmetic processing unit.

[0131] 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.
[0132] A cutting plane 65 is set to the image data 60 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.

[0133] 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 cutting 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)

[0134] Therefore, according to the present embodiment, the reception data obtained by the reception/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
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transformation and interpolating process, which causes the circuit to be made complicated and large costs, thereby
largely contributing to small costs of the ultrasonic diagnostic apparatus.

[0135] 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 ultrasonic 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 suppressed, 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 simple 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 ultrasonic diagnostic apparatus.

Third embodiment:
(Constitution)

[0136] 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 same component element and the description is omitted.

[0137] According to the present embodiment, the whole construction of the ultrasonic diagnostic apparatus is almost
as the same as the apparatus of the second 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 characterized 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.
[0138] Thel/F 66 receives anoperation instructing signal from the track ball 67 or console 68, and supplies the received
operation instructing signal to the arithmetic processing unit 30.

[0139] Thetrackball 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 recognizes the operation instructing signal and executes the display control based on the
operational signal, e.g., scroll display control.

(Operation)

[0140] According to the present embodiment, the ultrasonic diagnostic apparatus operates, almost similarly to that of
the first embodiment. That is, the arithmetic 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.

[0141] 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 implements 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.

[0142] Fig. 19A to 19C illustrate output image display 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.

[0143] As shown in Figs. 19A to 19C, stored into the ARM table 57 are the interpolating coefficient for obtaining 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 sound ray data memory 58
which has the reception data stores the reception data that is over the output image area 69 as well.

[0144] Unless the scroll display is implemented, the arithmetic processing unit 30 refers to a parameter within a range
between addresses a0 and a1, and controls 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.

[0145] 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 processing 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 interpolating 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 ultrasonic image
is scrolled and displayed to the upper portion in the picture plane.
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[0146] 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 processing unit 30 shifts the
address referred to by the ARM table 57 to a range between addresses c0 and c¢1, 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 interpolating process. Accordingly, the output image area 69 shifts to the lower side of the scrolling range 70,
as compared 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 picture plane.

[0147] 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 process in the same
manner as that of the second embodiment.

(Effects)

[0148] According to the present embodiment, in addition to obtain the same effects as those of the ultrasonic diagnostic
apparatus according to the second embodiment, on the program to generate the ultrasonicimage, the arithmetic process-
ing unit executes the program for subjecting only the data of the image output area to the coordinate transformation and
the interpolating process from the position instructed by an arbitrary control instructing device and read out from the
sound 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 construct the
ultrasonic diagnostic apparatus to which the scroll display function is added with a simple construction and low costs,
and largely contribute to the improvement in equipment performance.

[0149] According to the second and third embodiments, the system comprises: the receiving/transmitting unit 34; and
the computer 36 which is electrically connected 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 transformation 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.

[0150] 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 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 (101) comprising:

an ultrasonic vibrator (102) adapted to transmit ultrasonic waves to a probe and to receive an echo signal;
areceiving/transmitting unit (104) connected to said ultrasonic vibrator (102) and adapted to drive said ultrasonic
vibrator (102) every arbitrary timing, to receive and detect said echo signal, and to output the echo signal as
analog reception signal; and

a computer (110) adapted to subject said analog reception signal outputted from said transmitting/receiving unit
(104) to a signal process, wherein said computer (110) comprises:

a storing unit (31) adapted to store data and a program to generate an ultrasonic image; and

an arithmetic processing unit (30) adapted to generate the ultrasonic image by executing the program; and
a computer board (108) adapted to convert the analog reception signal outputted from said receiving/
transmitting unit (104) into digital reception data;

wherein said storing unit (31) comprises:

an image data memory (59) adapted to store image pixel data,

a reception data memory (58) adapted to store said reception data, and

an interpolation coefficient table (57) adapted to store for an arbitrary pixel in the image data memory (59) a
set of table data having an interpolation coefficient and an address in said reception data memory (58), and

wherein the arithmetic processing unit (30) is adapted to execute an interpolation and coordinate transformation

operation based on the interpolation coefficients stored in the interpolation coefficient table (57) and the reception
data stored in the reception data memory (58) to generate the image pixel data.
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An apparatus according to claim 1, characterized in that said computer board (108) comprises:

an A/D converter (122) adapted to convert the analog reception signal into digital signal; and
a computer internal bus controller (128) adapted to transfer said digital data stored in said memory (123) to said
computer internal bus (126).

An apparatus according to claim 2, characterized in that said computer board (108) comprises:

a controller (121) adapted to control said receiving/transmitting unit (104); and
a wiring data memory adapted to store wiring data of said controller (121);

wherein said computer internal bus controller (128) is also adapted to control access among said controller (121),
said wiring data memory, and said computer internal bus (126).

An apparatus according to claim 1, 2 or 3, characterized in that said computer (110) is adapted to generate the
ultrasonic image on the basis of the data transferred from said computer board (108), additionally,

said storing unit (31) is further adapted to store a program to cut out the ultrasonic images of a plurality of frames
ata common arbitrary position, to couple segmented ultrasonic images which are obtained, and to output the images
as an ultrasonic tomogram, and

said arithmetic processing unit (30) is further adapted to generate the ultrasonic image and the ultrasonic tomogram
by executing said program.

An apparatus according to claim 1, characterized by further comprising an input device (67, 68) which is operated
from the outside and inputs data, wherein

said storing unit (31) is further adapted to store a program to change a read-out position of data on a display area
of the ultrasonic image transferred from said computer board (108) in accordance with an instruction of said input
device and to generate the ultrasonic image by performing the coordinate-transforming process, and

said arithmetic processing unit (30) is further adapted to execute said program.

An apparatus according to any of the previous claims, characterized by further comprising:

a driving unit (105, 106) adapted to drive said ultrasonic vibrator (102) mechanically; and
an output unit (71) adapted to output a position signal indicative of a position of said ultrasonic vibrator (5, 102)
which shifts by said driving unit (3, 105, 106);

wherein said controller (28, 121) is adapted to generate a timing signal to the receiving/transmitting unit (34, 104)
on the basis of said position signal and has a changeable function by the computer program by causing the timing
signal to correspond to a period of the position signal.

An apparatus according to claim 1, characterized in that said computer (110) comprises:

a first connecting unit which is detachable to said ultrasonic receivingftransmitting unit (104);

a driving control unit (105, 106) adapted to generate a control signal to drive said ultrasonic vibrator (102); and
a second connecting unit which is detachable to said ultrasonic receiving/transmitting unit (104) to output the
control signal from said driving control unit (105, 106) to the ultrasonic vibrator (102) of said ultrasonic receiving/
transmitting unit (104).

An apparatus according to claim 1, characterized in that said computer board (108) comprises:

afirst connecting unit which is detachable to said ultrasonic receivingfransmitting unit (104) having an ultrasonic
vibrator to input an ultrasonic reception signal obtained by said ultrasonic receiving/transmitting unit;

a driving control unit (105, 106) adapted to generate a control signal to drive said ultrasonic vibrator (102);

a second connecting unit which is detachable to said ultrasonic receiving/transmitting unit (104) to output the
control signal from said driving control unit (105, 106) to the ultrasonic vibrator (102) of said ultrasonic receiving/
transmitting unit; and

a third connecting unit which is provided for said ultrasonic control unit (121) to input and output a signal from
said ultrasonic control unit, and

15



10

15

20

25

30

35

40

45

50

55

EP 1 040 789 B1

wherein said computer (110) comprises a forth connecting unit which is detachable to said third connecting unit; and
wherein said reception data memory (58) is adapted to store the reception data corresponding to the ultrasonic
reception signal inputted from said forth connecting unit as ultrasonic data.

Method of operating the ultrasonic diagnostic apparatus of claim 1, the ultrasonic diagnostic apparatus comprising
an input device (67, 68), the method comprising the steps of:

storing into said interpolation coefficient table (57) the interpolation coefficients for obtaining the arbitrary pixel
(P1) corresponding to a scrolling range (70) which is over an output image area (69); and

storing the address of the reception data memory (58) in which the reception data is stored, wherein the stored
reception data include the reception data for the output image area (69) as well;

wherein, when the scroll display is not implemented, the arithmetic processing unit (30) refers to a parameter within
a first address range (a0 to a1) and controls to execute the coordinate transformation and the interpolating process
in order to generate the ultrasonic image indicated to the output image area (69);

wherein, when the scroll display is implemented, if a user operates the input device (67, 68) and the input device
operation instructs the arithmetic processing unit (30) to scroll-display the image to the upper side in the scrolling
range (70), the arithmetic processing unit (30) shifts the address referred to by the interpolation coefficient table
(57) to a second address range (b0 to b1), and the operation is controlled by using the parameter within the second
address range (b0 to b1) so as to perform the coordinate transformation and the interpolating process, whereby the
output image area (69) shifts to the upper side of the scrolling range (70); and

wherein, when the scroll display is implemented, if the user operates the input device (67, 68) and the input device
operation instructs the arithmetic processing unit (30) to scroll-display the image to the lower side in the scrolling
range (70), the arithmetic processing unit (30) shifts the address referred to by the interpolation coefficient table
(57) to a third address range (e0 to e1), and the operation is controlled by using the parameter within the third
address range (c0 to ¢1) so as to perform the coordinate transformation and the interpolating process, whereby the
output image area (69) shifts to the lower side of the scrolling range (70).

Patentanspriiche

Ultraschall-Diagnosevorrichtung (101) mit:

einem Ultraschallschwinger (102), der dazu ausgelegt ist, Ultraschallwellen zu einer Sonde zu senden und ein
Echosignal zu empfangen;

einer Empfangs/Sende-Einheit (104), die mit dem Ultraschallschwinger (102) verbunden ist und dazu ausgelegt
ist, den Ultraschallschwinger (102) mit jeder willkiirlichen Zeitvorgabe zu betreiben, das Echosignal zu emp-
fangen und zu erfassen und das Echosignal als analoges Empfangssignal auszugeben; und

einem Computer (110), der dazu ausgelegt ist, das aus der Sende/Empfangs-Einheit (104) ausgegebene ana-
loge Empfangssignal einem Signalprozess zu unterziehen, wobei der Computer (110) umfasst:

eine Speichereinheit (31), die dazu ausgelegt ist, Daten und ein Programm zu speichern, um ein Ultra-
schallbild zu erzeugen; und

eine arithmetische Verarbeitungseinheit (30), die dazu ausgelegt ist, das Ultraschallbild durch Ausfiihren
des Programms zu erzeugen; und

eine Computerplatine (108), die dazu ausgelegt ist, das aus der Empfangs/Sende-Einheit (104) ausgege-
bene analoge Empfangssignal in digitale Empfangsdaten umzuwandeln;

wobei die Speichereinheit (31) umfasst:

einen Bilddatenspeicher (59), der dazu ausgelegt ist, Bildpixeldaten zu speichern,

einen Empfangsdatenspeicher (58), der dazu ausgelegt ist, die Empfangsdaten zu speichern, und

eine Interpolationskoeffiziententabelle (57), die dazu ausgelegt ist, fur ein willkirliches Pixel im Bilddatenspei-
cher (59) einen Satz von Tabellendaten mit einem Interpolationskoeffizienten und einer Adresse im Empfangs-
datenspeicher (58) zu speichern, und

wobei die arithmetische Verarbeitungseinheit (30) dazu ausgelegt ist, eine Interpolations- und Koordinatentransfor-
mationsoperation auf der Basis der in der Interpolationskoeffiziententabelle (57) gespeicherten Interpolationskoef-
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fizienten und derim Empfangsdatenspeicher (58) gespeicherten Empfangsdaten auszufiihren, um die Bildpixeldaten
Zu erzeugen.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Computerplatine (108) umfasst:

einen A/D-Wandler (122), der dazu ausgelegt ist, das analoge Empfangssignal in ein digitales Signal umzu-
wandeln; und

eine Steuereinheit (128) flr den internen Bus des Computers, die dazu ausgelegt ist, die im Speicher (123)
gespeicherten digitalen Daten zum internen Bus (126) des Computers zu Ubertragen.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass die Computerplatine (108) umfasst:

eine Steuereinheit (121), die dazu ausgelegt ist, die Empfangs/Sende-Einheit (104) zu steuern; und
einen Verdrahtungsdatenspeicher, der dazu ausgelegt ist, Verdrahtungsdaten der Steuereinheit (121) zu spei-
chern;

wobei die Steuereinheit (128) fiir den internen Bus des Computers auch dazu ausgelegt ist, den Zugriff unter der
Steuereinheit (121), dem Verdrahtungsdatenspeicher und dem internen Bus (126) des Computers zu steuern.

Vorrichtung nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass der Computer (110) dazu ausgelegt ist,
das Ultraschallbild auf der Basis der Daten zu erzeugen, die von der Computerplatine (108) Gbertragen werden,
auBerdem

die Speichereinheit (31) ferner dazu ausgelegt ist, ein Programm zu speichern, um die Ultraschallbilder einer Vielzahl
von Vollbildern an einer gemeinsamen willkiirlichen Position auszuschneiden, um segmentierte Ultraschallbilder,
die erhalten werden, zu koppeln und die Bilder als Ultraschalltomogramm auszugeben, und

die arithmetische Verarbeitungseinheit (30) ferner dazu ausgelegt ist, das Ultraschallbild und das Ultraschalltomo-
gramm durch Ausfiihren des Programms zu erzeugen.

Vorrichtung nach Anspruch 1, welche dadurch gekennzeichnet ist, dass sie ferner eine Eingabevorrichtung (67,
68) umfasst, die von auf3en bedient wird und Daten eingibt, wobei

die Speichereinheit (31) ferner dazu ausgelegt ist, ein Programm zu speichern, um eine Ausleseposition von Daten
auf einem Anzeigebereich des Ultraschallbildes, das von der Computerplatine (108) Gbertragen wird, geman einem
Befehl der Eingabevorrichtung zu andern und das Ultraschallbild durch Durchfiihren des Koordinatentransformati-
onsprozesses zu erzeugen, und

die arithmetische Verarbeitungseinheit (30) ferner dazu ausgelegt ist, das Programm auszufiihren.

Vorrichtung nach einem der vorangehenden Anspriche, dadurch gekennzeichnet, dass sie ferner umfasst:

eine Antriebseinheit (105, 106), die dazu ausgelegt ist, den Ultraschallschwinger (102) mechanisch anzutreiben;
und

eine Ausgabeeinheit (71), die dazu ausgelegt ist, ein Positionssignal auszugeben, das eine Position des Ultra-
schallschwingers (5, 102) angibt, die sich durch die Antriebseinheit (3, 105, 106) verschiebt;

wobei die Steuereinheit (28, 121) dazu ausgelegt ist, ein Taktsignal fir die Empfangs/Sende-Einheit (34, 104) auf
der Basis des Positionssignals zu erzeugen, und eine durch das Computerprogramm veranderbare Funktion auf-
weist, indem bewirkt wird, dass das Taktsignal einer Periode des Positionssignals entspricht.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass der Computer (110) umfasst:

eine erste Verbindungseinheit, die von der Ultraschall-Empfangs/Sende-Einheit (104) I6sbar ist;

eine Antriebssteuereinheit (105, 106), die dazu ausgelegt ist, ein Steuersignal zum Antreiben des Ultraschall-
schwingers (102) zu erzeugen; und

eine zweite Verbindungseinheit, die von der Ultraschall-Empfangs/Sende-Einheit (104) I6sbar ist, um das Steu-
ersignal aus der Antriebssteuereinheit (105, 106) an den Ultraschallschwinger (102) der Ultraschall-Empfangs/
Sende-Einheit (104) auszugeben.

8. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Computerplatine (108) umfasst:
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eine erste Verbindungseinheit, die von der Ultraschall-Empfangs/Sende-Einheit (104) mit einem Ultraschall-
schwinger l6sbar ist, um ein Ultraschallempfangssignal, das von der Ultraschall-Empfangs/Sende-Einheit er-
halten wird, einzugeben;

eine Antriebssteuereinheit (105, 106), die dazu ausgelegt ist, ein Steuersignal zu erzeugen, um den Ultraschall-
schwinger (102) zu betreiben;

eine zweite Verbindungseinheit, die von der Ultraschall-Empfangs/Sende-Einheit (104) I6sbar ist, um das Steu-
ersignal von der Antriebssteuereinheit (105, 106) an den Ultraschallschwinger (102) der Ultraschall-Empfangs/
Sende-Einheit auszugeben; und

eine dritte Verbindungseinheit, die flr die Ultraschallsteuereinheit (121) vorgesehen ist, um ein Signal von der
Ultraschallsteuereinheit einzugeben und auszugeben, und

wobei der Computer (110) eine vierte Verbindungseinheit umfasst, die von der dritten Verbindungseinheit I6sbar
ist; und

wobei der Empfangsdatenspeicher (58) dazu ausgelegt ist, die Empfangsdaten, die dem Ultraschallempfangsignal
entsprechen, das von der vierten Verbindungseinheit eingegeben wird, als Ultraschalldaten zu speichern.

Verfahren zum Betreiben der Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei die Ultraschalldiagnosevor-
richtung eine Eingabevorrichtung (67, 68) umfasst, wobei das Verfahren die Schritte umfasst:

Speichern der Interpolationskoeffizienten in der Interpolationskoeffiziententabelle (57), um das willkurliche Pixel
(P1) zu erhalten, das einem Bildlaufbereich (70) entspricht, der (iber einem Ausgangsbildbereich (69) liegt; und
Speichern der Adresse des Empfangsdatenspeichers (58), in dem die Empfangsdaten gespeichert werden,
wobei die gespeicherten Empfangsdaten die Empfangsdaten fir den Ausgangsbildbereich (69) ebenso umfas-
sen;

wobei, wenn die Bildlaufanzeige nicht implementiert wird, die arithmetische Verarbeitungseinheit (30) auf einen
Parameter innerhalb eines ersten Adressenbereichs (a0 bis a1) Bezug nimmt und steuert, um die Koordinatentrans-
formation und den Interpolationsprozess auszufiihren, um das Ultraschallbild zu erzeugen, das auf dem Ausgangs-
bildbereich (69) angezeigt wird;

wobei, wenn die Bildlaufanzeige implementiert wird, wenn ein Benutzer die Eingabevorrichtung (67, 68) betatigt
und die Eingabevorrichtungsoperation der arithmetischen Verarbeitungseinheit (30) befiehlt, das Bild auf der Anzeige
zur oberen Seite im Bildlaufbereich (70) zu verschieben, die arithmetische Verarbeitungseinheit (30) die Adresse,
auf die von der Interpolationskoeffiziententabelle (57) verwiesen wird, zu einem zweiten Adressenbereich (b0 bis
b1) verschiebt, und die Operation unter Verwendung des Parameters innerhalb des zweiten Adressenbereichs (b0
bis b1) gesteuert wird, um die Koordinatentransformation und den Interpolationsprozess durchzufiihren, wodurch
sich der Ausgangsbildbereich (69) zur oberen Seite des Bildlaufbereichs (70) verschiebt; und

wobei, wenn die Bildlaufanzeige implementiert wird, wenn der Benutzer die Eingabevorrichtung (67, 68) betatigt
und die Eingabevorrichtungsoperation der arithmetischen Verarbeitungseinheit (30) befiehlt, das Bild auf der Anzeige
zur unteren Seite im Bildlaufbereich (70) zu verschieben, die arithmetische Verarbeitungseinheit (30) die Adresse,
auf die durch die Interpolationskoeffiziententabelle (57) verwiesen wird, zu einem dritten Adressenbereich (e0 bis
el) verschiebt, und die Operation unter Verwendung des Parameters innerhalb des dritten Adressenbereichs (cO
bis c1) gesteuert wird, um die Koordinatentransformation und den Interpolationsprozess durchzufiihren, wodurch
sich der Ausgangsbildbereich (69) zur unteren Seite des Bildlaufbereichs (70) verschiebt.

Revendications

Dispositif de diagnostic par ultrasons (101) comprenant :

un vibrateur a ultrasons (102) congu pour transmettre des ondes ultrasonores a une sonde et pour recevoir un
signal d’écho,

une unité d’émission/réception (104) reliée audit vibrateur a ultrasons (102) et congue pour attaquer ledit vibra-
teur a ultrasons (102) a chaque instant quelconque, afin de recevoir et de détecter ledit signal d’écho, et pour
fournir en sortie le signal d’écho sous la forme d’un signal de réception analogique, et

un calculateur (110) congu pour soumettre ledit signal de réception analogique fourni en sortie de ladite unité
d’émission/réception (104) a un traitement du signal, ou ledit calculateur (110) comprend :

une unité de mémorisation (31) congue pour mémoriser des données et un programme afin de générer
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une image ultrasonore, et

une unité de traitement arithmétique (30) congue pour générer une image ultrasonore en exécutant le
programme, et

une carte de calculateur (108) congue pour convertir le signal de réception analogique fourni en sortie de
ladite unité de réception/émission (104) en données de réception numériques,

ladite unité de mémorisation (31) comprenant :

une mémoire de données d’'image (59) congue pour mémoriser des données de pixel d'image,

une mémoire de données de réception (58) congue pour mémoriser lesdites données de réception, et
une table de coefficients d’interpolation (57) congue pour mémoriser pour un pixel arbitraire dans la
mémoire de données d’'image (59) un ensemble de données de table ayant un coefficient d’interpolation
et une adresse dans ladite mémoire de données de réception (58), et

dans lequel l'unité de traitement arithmétique (30) est congue pour exécuter une opération d’interpolation et de
transformation de coordonnées sur la base des coefficients d’interpolation mémorisés dans la table de coefficients
d’interpolation (57) et les données de réception mémorisées dans la mémoire de données de réception (58) afin
de générer les données de pixel d'image.

Dispositif selon la revendication 1, caractérisé en ce que ladite carte de calculateur (108) comprend :

un convertisseur A/N (122) congu pour convertir le signal de réception analogique en un signal numérique, et
un contréleur de bus interne de calculateur (128) congu pour transférer lesdites données numériques mémo-
risées dans ladite mémoire (123) dans ledit bus interne du calculateur (126).

Dispositif selon la revendication 2, caractérisé en ce que ladite carte de calculateur (108) comprend :

un contréleur (121) congu pour commander ladite unité de réception/émission (104), et
une mémoire de données de cablage congue pour mémoriser les données de cablage dudit contréleur (121),

ou ledit contréleur de bus interne de calculateur (128) est également congu pour commander I'accés entre ledit
contréleur (121), ladite mémoire de données de cablage, et ledit bus interne de calculateur (126).

Dispositif selon la revendication 1, 2 ou 3, caractérisé en ce que ledit calculateur (110) est congu pour générer
l'image ultrasonore sur la base des données transférées depuis ladite carte de calculateur (108), en outre,

ladite unité de mémorisation (31) est en outre congue pour mémoriser un programme afin de découper les images
ultrasonores d’une pluralité de vues a une position quelconque commune afin de coupler les images ultrasonores
segmentées qui sont obtenues, et pour fournir en sortie les images sous la forme d’'un tomogramme ultrasonore, et
ladite unité de traitement arithmétique (30) est en outre congue pour générer I'image ultrasonore et le tomogramme
ultrasonore en exécutant ledit programme.

Dispositif selon la revendication 1, caractérisé par le fait de comprendre en outre un dispositif d’entrée (67, 68)
qui est mis en oeuvre depuis I'extérieur et entre des données, ou

ladite unité de mémorisation (31) est en outre congue pour mémoriser un programme pour changer une position
de lecture de données sur une zone d'affichage de I'image ultrasonore transférée depuis ladite carte de calculateur
(108) conformément a une instruction dudit dispositif d’entrée pour générer I'image ultrasonore en exécutant le
traitement de transformation de coordonnées, et

ladite unité de traitement arithmétique (30) est en outre congue pour exécuter ledit programme.

Dispositif selon 'une quelconque des revendications précédentes, caractérisé par le fait de comprendre en outre :
une unité d’attaque (105, 106) congue pour attaquer ledit vibrateur a ultrasons (102) mécaniquement, et
une unité de sortie (71) congue pour fournir en sortie un signal de position indiquant une position dudit vibrateur
a ultrasons (5, 102) qui se déplace du fait de ladite unité d’attaque (3, 105, 106),

ou ledit contréleur (28, 121) est congu pour générer un signal de synchronisation vers I'unité de réception/émission

(34, 104) sur la base dudit signal de position et a une fonction pouvant étre modifiée par le programme informatique
en amenant le signal de synchronisation a correspondre a une période du signal de position.
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7. Dispositif selon la revendication 1, caractérisé en ce que ledit calculateur (110) comprend :

une premiére unité de connexion qui peut étre détachée vers ladite unité de réception/émission d’ultrasons (104),
une unité de commande d’attaque (105,106) congue pour générer un signal de commande pour attaquer ledit
vibrateur a ultrasons (102), et

une seconde unité de connexion qui peut étre détachée vers ladite unité de réception/émission d’'ultrasons
(104) pour fournir en sortie le signal de commande depuis ladite unité de commande d’attaque (105, 106) vers
ledit vibrateur a ultrasons (102) de ladite unité de réception/émission d’ultrasons (104).

8. Dispositif selon la revendication 1, caractérisé en ce que ladite carte de calculateur (108) comprend :

une premiére unité de connexion qui peut étre détachée vers ladite unité de réception/émission d’'ultrasons
(104) comportant un vibrateur a ultrasons pour appliquer en entrée un signal de réception ultrasonore obtenu
par ladite unité de réception/émission d’ultrasons,

une unité de commande d’attaque (105, 106) congue pour générer un signal de commande pour attaquer ledit
vibrateur a ultrasons (102),

une seconde unité de connexion, qui peut étre détachée vers ladite unité de réception/transmission a ultrasons
(104) pour fournir en sortie le signal de commande provenant de ladite unité de commande d’attaque (105,106)
au vibrateur a ultrasons (102) de ladite unité de réception/transmission d'ultrasons, et

une troisieme unité de connexion qui est prévue pour ladite unité de commande ultrasonore (121) pour appliquer
en entrée et fournir en sortie un signal provenant de ladite unité de commande ultrasonore, et

ou ledit calculateur (110) comprend une quatriéme unité de connexion qui peut étre détachée vers ladite troisi€me
unité de connexion, et

ou ladite mémoire de données de réception (58) est congue pour mémoriser les données de réception correspondant
au signal de réception ultrasonore regu en entrée de ladite quatrieme unité de connexion sous la forme de données
ultrasonores.

Procédé de mise en oeuvre du dispositif de diagnostic a ultrasons selon la revendication 1, le dispositif de diagnostic
a ultrasons comprenant un dispositif d’entrée (67, 68), le procédé comprenant les étapes consistant a :

mémoriser dans ladite table de coefficients d’interpolation (57) les coefficients d’interpolation afin d’obtenir le
pixel arbitraire (P1) correspondant a une plage de défilement (70) qui est au-dessus d’une zone d’'image de
sortie (69), et

mémoriser I'adresse de la mémoire de données de réception (58) dans laquelle les données de réception sont
mémorisées, les données de réception mémorisées comprenant également les données de réception de la
zone d’'image de sortie (69),

dans lequel, lorsque l'affichage a défilement n’est pas mis en oeuvre, l'unité de traitement arithmétique (30) fait
référence a un parametre a l'intérieur d’'une premiére plage d’adresses (a0 a a1) et commande d’exécuter le trai-
tement de transformation de cordonnées et d’interpolation afin de générer 'image ultrasonore indiquée pour la zone
d’'image de sortie (69),

dans lequel, lorsque I'affichage a défilement est mis en oeuvre, si un utilisateur actionne le dispositif d’entrée (67,
68) et que l'actionnement du dispositif d’entrée donne pour instruction a l'unité de traitement arithmétique (30)
d’afficher par défilement I'image sur le c6té supérieur de la plage de défilement (70), I'unité de traitement arithmétique
(30) déplace I'adresse a laquelle il a été fait référence par la table de coefficients d’interpolation (57) a une seconde
plage d’adresses (b0 a b1), et le fonctionnement est commandé en utilisant le parametre a l'intérieur de la seconde
plage d’adresses (b0 a b1) de maniére a exécuter la transformation de coordonnées et le traitement d’interpolation,
grace a quoi la zone d’'image de sortie (69) se déplace vers le coté supérieur de la plage de défilement (70), et
dans lequel, lorsque I'affichage a défilement est mis en oeuvre, si I'utilisateur actionne le dispositif d’entrée (67, 68)
et que I'actionnement du dispositif d’entrée donne pour instruction a I'unité de traitement arithmétique (30) d’afficher
par défilement 'image vers le cbté inférieur dans la plage de défilement (70), I'unité de traitement arithmétique (30)
fait passer 'adresse a laquelle il a été fait référence par la table de coefficients d’interpolation (57) a une troisiéme
plage d’adresses (e0 a e1), et le fonctionnement est commandé en utilisant le paramétre a l'intérieur de la troisieme
plage d’adresses (c0 a c1) de maniére a exécuter la transformation de coordonnées et le traitement d’interpolation,
grace a quoi la zone d’image de sortie (69) se déplace vers le c6té inférieur de la plage de défilement (70).
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