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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an ultrasonic imaging method according to the preamble of claim 1 and an
ultrasonic imaging apparatus according to the preamble of claim 4. The method and the apparatus may be used in
diagnosing organs existing in a biological body, or in performing nondestructive tests. More specifically, the present
invention is directed to such an ultrasonic imaging method and ultrasonic imaging apparatus capable of obtaining image
information in high frame rates, and/or capable of improving resolution of obtained image information.

Description of a Related Art

[0002] Normally, in ultrasonic imaging apparatuses utilized as ultrasonic diagnostic apparatuses or industrial-purpose
defect (flaw) detecting apparatuses, ultrasonic probes are employed each contains a plurality of ultrasonic transducers
and has ultrasonic transmission/reception functions. In one typical ultrasonic imaging apparatus equipped with such an
ultrasonic probe, image information related to an object to be inspected may be obtained in such a manner that this
object to be inspected is ultrasonically scanned by using ultrasonic beams, while the ultrasonic beams are produced by
synthesizing ultrasonic waves transmitted from the plurality of ultrasonic transducers. Then, the ultrasonic imaging
apparatus may reproduce either two-dimensional regional images or three-dimensional regional images of the object to
be inspected based upon the obtained image information. As one of scanning methods of scanning an object to be
inspected by way of such ultrasonic beams, so-called "sector scanning operation" is carried out by which a two-dimen-
sional fan-shaped region is ultrasonically scanned along angular directions.

[0003] Originally, this sector scanning method has been developed as a method of observing cardiac portions (hearts)
of biological bodies (human bodies) from intercostal portions thereof. In such a sector scanning method, an object to be
inspected is scanned in an equi-interval along angular directions one after another by employing ultrasonic beams which
are transmitted from a transmission point into the object to be inspected along a depth direction. Furthermore, image
information is sampled at a plurality of sampling points one after another. These sampling points are distributed in the
equi-interval along the depth direction of the object to be inspected along the ultrasonic beams at the respective angles.
As described above, while one ultrasonic beam is used to scan an object to be inspected, image information related to
a plurality of sampling points located on this single ultrasonic beam is sampled at predetermined time intervals. Either
a two-dimensional image or a three-dimensional image as to a cardiac portion (heart), which are obtained from the
sampled image information, is called as an echocardiogram.

[0004] With respect to such sector scanning methods, two major scanning methods have been mainly known, namely
a mechanical sector scanning method and an electronic sector scanning method.

[0005] According to the mechanical scanning method, a sector scanning operation is performed in such a manner
that an ultrasonic probe is mechanically and pivotally moved by way of an oscillation motion, a swing motion, and the like.
[0006] According to the electronic scanning method, an ultrasonic probe constituted by arraying several tens of small-
sized ultrasonic transducer elements is employed, and time differences are defined in timing for driving the respective
ultrasonic transducer elements so that the ultrasonic transducer element group is equivalently driven in the swing motion.
[0007] Onthe other hand, currently, more correct and objective ultrasonic diagnostic methods are requested in medical
fields. Under such circumstances, specific attentions are paid to imaging methods of real-time three-dimensional echocar-
diography capable of easily understanding three-dimensional structures of hearts. For example, please see Japanese
publication entitled "TREND TO REAL-TIME THREE-DIMENSIONAL ECHOCARDIOGRAPHY" written by T. OHTA,
EIZO JYOHO (M) Vol. 32, No. 22, pp. 1248-1254, published in November, 2000.

[0008] Conventionally, the below-mentioned imaging methods are known as the three-dimensional echocardiography
imaging method:

(1) An imaging method in which a plurality of two-dimensional tomographic echocardiograms of an object to be
inspected are stored by slowly moving an one-dimensional probe in a mechanical scanning manner by an operator,
and then, these two-dimensional tomographic echocardiograms are displayed as a three-dimensional echocardio-
gram.

(2) An imaging method in which three-dimensional image information of an object to be inspected is obtained by
performing an electronic scanning operation along one direction and also a mechanical scanning operation along
another direction.

(3) Animaging method in which an object to be inspected is electronically scanned along two directions by employing
a sparse two-dimensional ultrasonic sensor. This sparse two-dimensional ultrasonic sensor corresponds to such a
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sensor that some transducers are selectively used among transducers arrayed in a two-dimensional matrix form
constituted by N columns x N rows.

[0009] However, the three-dimensional echocardiography imaging method (1) owns the following drawbacks. That is,
the one-dimensional probe must be manipulated by skilled operators, and also, lengthy time is required to obtain the
desirable image information. Also, according to the imaging method (2), the desirable image information can be obtained
within shorter time than that in the first-mentioned imaging method (1). However, the frame rate (namely, total number
of images displayed on display screen per unit time) is lower than, or equal to 20 frames per second, which can be hardly
regarded as a high frame rate. Furthermore, according to the imaging method (3), the frame rate is lower than, or equal
to 20 frames per second, which can also be hardly regarded as a high frame rate.

[0010] JP-10 277030 discloses an ultrasonic diagnostic system having an ROI specifying part for specifying an ROI
on the stereoscopic projection images displayed at a display device and an electronic scanning control part for controlling
the scanning range of the electronic scanning direction of the array vibrator such that the enlarged stereoscopic projection
images are displayed at the display device.

[0011] EP-A-0 707 219 discloses an ultrasonic diagnostic imaging system in which a portion of an ultrasonic image
can be selected for enlarged display as a zoom image.

[0012] US-A-4,817,619 discloses an ultrasonic diagnosis apparatus including a distribution circuit section for variably
designating the region of scanning with the ultrasonic pulse beam for the measurement of the Doppler blood flow image
so that the region can be selected as desired. As shown in Fig. 8 and 9B of the document, although the interval TD
between a second pulse and a third pulse is selected to be shorter than the interval T between a first pulse and the
second pulse (column 7, lines 24-40), a transmission pulse is transmitted after reception of an echo pulse from a point
P1 within the desired region.

SUMMARY OF THE INVENTION

[0013] The presentinvention has been made to solve the above-described problems, and therefore, has an object to
provide improved ultrasonic imaging method and apparatus capable of obtaining image information in a high frame rate
or capable of increasing resolution by increasing a total number of ultrasonic beams which can be transmitted within
unit time.

[0014] To solve the above-described problems, an ultrasonic imaging method according to the present invention is
characterized by the features of claim 1.

[0015] Also, an ultrasonic imaging apparatus according to the present invention, comprises the features of claim 4.
[0016] Preferred embodiments of the invention are defined by the dependent claims.

[0017] In accordance with the ultrasonic imaging method and apparatus of the present invention, since the measuring
time is shortened and a number of times of transmission/reception operations of the ultrasonic beam per unit time is
increased, the imaging operation can be carried out with maintaining high frame rates or high resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more better understanding of the present invention may be made by reading a detailed description in con-
junction with the accompanying drawings, in which:

Fig. 1 is a schematic block diagram for indicating a maj or arrangement of an ultrasonic imaging apparatus according
to one embodiment of the present invention;

Fig. 2is adiagram for schematically representing a heart "H" which is imaged by way of a three-dimensional ultrasonic
imaging method from an apex portion of the heart;

Fig. 3A is a diagram for showing a position of a tomographic plane OAA’ of the heart "H" indicated in Fig. 2, and
Fig. 3B is a diagram for representing the tomographic plane OAA’;

Fig. 4A is a diagram for showing a position of a tomographic plane OBB’ of the heart "H" indicated in Fig. 2, and
Fig. 4B is a diagram for representing the tomographic plane OBB’;

Fig. 5A is a diagram for showing a position of a tomographic plane OCC’ of the heart "H" indicated in Fig. 2, and
Fig. 5B is a diagram for representing the tomographic plane OCC’;

Figs. 6A and 6B are explanatory diagrams for explaining the conventional ultrasonic scanning method in comparison
with an ultrasonic scanning method of the present invention;

Figs. 7A and 7B are explanatory diagrams for explaining an ultrasonic imaging method according an example not
covered by the claims and not being part of the present invention;

Figs. 8A to 8C are explanatory diagrams for explaining an ultrasonic imaging method according to a first embodiment
of the present invention;



10

15

20

25

30

35

40

45

50

55

EP 1 235 080 B1

Fig. 9 is an explanatory diagram for explaining an ultrasonic imaging method according to a second embodiment
of the present invention; and

Fig. 10 is an explanatory diagram for explaining an ultrasonic imaging method according to a third embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Referring now to drawings, various preferred embodiments of the present invention will be described in detail.
It should be understood that the same reference numerals will be employed as those for indicating the same, or similar
structural elements, and therefore, descriptions thereof are omitted.

[0020] Fig. 1 is a schematic block diagram for indicating a major arrangement of an ultrasonic imaging apparatus
according to one embodiment of the present invention. This ultrasonic imaging apparatus may be employed as, for
example, an ultrasonic diagnostic apparatus to be used for diagnosing a biological body (human body) or a defect (flaw)
detecting apparatus to be used in an industrial field.

[0021] As indicated in Fig. 1, this ultrasonic imaging apparatus is equipped with an ultrasonic probe 10, which is used
by abutting against an object to be inspected. The ultrasonic probe 10 is constructed in such a manner that a plurality
(N X N =N2 pieces) of ultrasonic transducers 11 having transmission/reception functions of ultrasonic waves (ultrasonic
pulses) are arrayed in a two-dimensional matrix shape constructed of N columns x N rows. As to the ultrasonic transducer
11, for example, piezoelectric elements are employed which involves one of piezoelectric ceramics typically known as
PZT (Pb(lead) zirconate titanate) and a polymer piezoelectric element typically known as PVDF (polyvinyl difluoride).
Alternatively, instead of employing such an ultrasonic transducer having the transmission/reception function of the
ultrasonic pulses in the ultrasonic probe 10, a piezoelectric element as an ultrasonic wave transmitting element may be
combined with an ultrasonic transducer of an optical converting type as an ultrasonic wave receiving element. As to the
optical converting type ultrasonic transducer, either Fabry-Perot resonators (abbreviated as "FPR") or fiber Bragg gratings
may be employed which are formed on the respective tip portions of very fine optical fibers.

[0022] N2 sets of pulsers 12 and N2 sets of receivers 14 are connected to N2 pieces of ultrasonic transducers 11,
respectively.

[0023] Each of the pulsers 12 is energized in response to an output signal of a timing controller 25 built in a system
control unit 20 (will be explained later), and thus, outputs a drive signal to the corresponding (relevant) ultrasonic trans-
ducer 11. The respective ultrasonic transducers 11 transmit ultrasonic pulses to the object to be inspected in response
to the drive signals output from the relevant pulsers 12, and then, receive ultrasonic echoes to output detection signals.
These ultrasonic echoes are produced by that these transmitted ultrasonic pulses are reflected from interiors of this
object to be inspected. As such a pulser, a high-speed pulser which can output a drive signal in a high repetition cycle
may be preferably employed.

[0024] Each receiver 14 is provided with a preamplifier 15, a TGC (time gain compensation) amplifier 16, and an A/D
converter 17. A detection signal output from each of the ultrasonic transducers 11 is analog-processed by the preamplifier
15 and the TGC amplifier 16, which are contained in the corresponding receiver 14. The levels of these detection signals
are matched to input level of the A/D converter 17 owing to this analog process operation. The analog detection signal
output from the TGC amplifier 16 is converted into a digital detection signal by the A/D converter 17.

[0025] The respective pulsers 12 and receivers 14 are connected to the system control unit 20 for controlling the entire
system of the ultrasonic imaging apparatus. As previously explained, the respective pulsers 12 are connected to a timing
controller 25 built in the system control unit 20. The timing controller 25 outputs signals used to energize the respective
pulsers 12. This timing controller 25 can control generation timing of drive signals which are output from a plurality of
pulsers 12 in order to transmit ultrasonic beams toward a plurality of directions.

[0026] The respective receivers 14 are connected to a memory 21 which is connected to a phase matching calculation
unit 22 in the system control unit 20.

[0027] The phase matching calculation unit 22 contains N2 pieces of calculation lines which correspond to the above-
described N2 pieces of ultrasonic transducers 11. Each of the calculation lines contained in the phase matching calculation
unit 22 may be constituted by a shift register delay line, a digital fine delay device or a CPU (central processing unit)
and a software program, or it may be constituted by combining some of them. The detection data output from the
respective A/D converters 17 of the plural receivers 14 are once stored in the memory 21, and thereafter, these detection
data are entered into a plurality of calculation lines of the phase matching calculation unit 22. The phase matching
calculation unit 22 performs a phase matching operation in such a manner that predetermined delay amounts are applied
to the detection data which are entered into the respective calculation lines, and furthermore, these detection data are
digitally added to each other. Since such a phase matching calculation unit 22 is employed, reception focusing operations
can be simultaneously accomplished with respect to the plural directions towards the object to be inspected. The resultant
data in which phases are matched with each other by the phase matching calculation unit 22 are output to a display
image calculating unit 23.
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[0028] The display image calculating unit 23 executes the below-mentioned processing operations with respect to the
detection data entered from the phase matching calculation unit 22. That is, a waveform of the detection data is detected,
the detected waveform is converted into image data, a predetermined image processing operation is executed upon the
mage data, and furthermore, the scanning format is converted. As a result, the image data of the ultrasonic-beam data
space is converted into image data of a physical space. Further, the display image calculating unit 23 performs such a
calculation that voxel data which is data as to a certain volume is produced on the basis of a plurality of tomographic
image data so as to display a three-dimensional image.

[0029] A display unit 30 is connected to the display image calculating unit 23. The display unit 30 executes D/A
conversion to convert the image data, in which scanning format has been converted in the above-described image
calculating unit 23, into an analog image signal, and then, displays thereon a three-dimensional ultrasonic image of the
object to be inspected.

[0030] The system control unit 20 includes a measuring region setting device 31. This measuring region setting device
31 corresponds to an instrument for marking such a region as an existing range of a measurement target, on a display
screen of the display unit 30. As this measuring region setting device 31, for example, a pointing device such as a mouse
and a light pen may be employed.

[0031] Next, an ultrasonic imaging method according to an example usefull for the understanding of but not belonging
to the present invention will now be described with reference to Figs. 1 to 7B. In this example, as illustratively shown in
Fig. 2, a description is made of such a case where a heart within a biological body (human body) is ultrasonically imaged
is exemplified. Fig. 2 schematically shows a heart "H" as viewed from an apex portion "O" of the heart "H". Also, Fig.
3A illustratively shows one tomographic image OAA’ of the heart "H", and Fig. 3B illustratively shows the tomographic
image OAA’ which includes a tomographic image HA of the heart "H". Similarly, Fig. 4A illustratively shows one tomo-
graphic image OBB’ of the heart "H", and Fig. 4B illustratively shows the tomographic image OBB’ which includes a
tomographic image HB of the heart "H". Furthermore, Fig. 5A illustratively shows one tomographic image OCC’ of the
heart "H", and Fig. 5B illustratively shows the tomographic image OCC’ which includes a tomographic image HC of the
heart "H".

[0032] In the ultrasonic imaging method of this example, a pre-imaging operation is firstly carried out before a main
ultrasonic imaging operation is commenced. In other words, while a slow frame rate is employed, ultrasonic images are
previously obtained up to a visible depth in the vicinity of the heart "H". The ultrasonic images obtained by the pre-
imaging operations are displayed on the display unit 30. That is to say, the tomographic plane OAA’ as shown in Fig.
3B, the tomographic plane OBB’ as shown in Fig. 4B, or the tomographic plane OCC’ as shown in Fig. 5B is displayed
on the display screen of the display unit 30.

[0033] Next, an operator of the ultrasonic imaging apparatus marks an existing range of a tomographic image HA, a
tomographic image HB, or a tomographic image HC on the image displayed on the display unit 30 by employing the
measuring region setting device 31.

[0034] Subsequently, the main ultrasonic imaging operation is carried out. That is, a tomographic image of the heart
"H", which has been marked by manipulating the measuring region setting device 31 in the pre-imaging operation, is
ultrasonically imaged. A sector scanning process executed in this example will now be described in comparison with
the conventional sector scanning process in the case where an image of, for example, the tomographic plane OBB’ as
shown in Fig. 4B is obtained by sector-scanning.

[0035] Figs. 6A and 6B are explanatory diagrams for explaining the conventional ultrasonic scanning process. Fig.
6A illustratively shows both the tomographic plane OBB’ which contains the tomographic image HB of the heart "H" as
shown in Fig. 4B, and a locus (trail) of ultrasonic beams which scan over this tomographic plane OBB’. Also, Fig. 6B is
a time chart for describing an ultrasonic scanning process which is executed so as to obtain such a sector image as
shown in Fig. 6A. On the other hand, Figs. 7A and 7B are explanatory diagrams for explaining the ultrasonic scanning
process according to this embodiment. Fig. 7A illustratively shows both the tomographic plane OBB’ which contains the
tomographic image HB of the heart "H" as shown in Fig. 4B, and a locus (trail) of ultrasonic beams which scan over this
tomographic plane OBB'. In this case, symbols M, M,---, M,, represent an existing range "M" of the tomographic image
HB which is marked after a pre-imaging operation has been carried out. Also, Fig. 7B is a time chart for describing an
ultrasonic scanning process which is executed so as to obtain such a sector image as shown in Fig. 7A. In Figs. 6B and
7B, an ordinate indicates echo strength, and an abscissa shows time.

[0036] As shown in Fig. 6A or 7A, in the case where the fan-shaped two-dimensional region OBB’ is scanned by the
ultrasonic beam, the ultrasonic beam is firstly transmitted from an apex portion "O" of the heart "H" toward a point By,
and then, points B4, B,, ---, B,, are scanned one after another. This fan-shaped two-dimensional region OBB’ is defined
by such a fan-shaped region between an ultrasonic beam OB, and another ultrasonic beam OB,,. Paths OB, OB, -,
OB,, of the respective ultrasonic beams which are extended from the apex portion "O" to the depth directions respectively
may be realized by synthesizing the ultrasonic pulses, which are transmitted from a plurality of ultrasonic transducers
11, to each other.

[0037] As shown in Fig. 6A, in the conventional scanning process, after the transmission/reception operation of the
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ultrasonic pulse/echo along the first path OB is completed and predetermined rest time has passed, the transmission/
reception operation of the ultrasonic pulse/echo along the next path OB, is commenced. The measurement time of the
ultrasonic beam for each path of the ultrasonic beam corresponds to a time duration between a time point when the
ultrasonic pulse is transmitted and a time point when the echo of the ultrasonic pulse reflected at the maximum depth
point within the obj ect to be inspected and returned from this maximum depth is received. This measurement time is
indicated by repetition time PRT(S) in Fig. 6B. Such a scanning process is repeatedly carried out in an equi-interval
along a direction of an angle "6" with respect to the fan-shaped two-dimensional region OBB'. Since the transmission/
reception operation of the ultrasonic pulse/echo is carried out along all of the paths OB, OB,, ---, OB,, of the ultrasonic
beams, image information of the entire tomographic plane may be obtained. As a result, measurement time Tm which
is required to form one sheet of a sector image is given as follows:

Tm = (T1 + T2 + Tr) X Np

T1: time duration between a time point when the ultrasonic pulse is transmitted and a time point when the ultrasonic
pulse reaches maximum depth.

T2: time duration between a time point when the ultrasonic pulse is reflected at the maximum depth and a time point
when the echo is received

Tr: rest time

Np: total path number of transmitted ultrasonic beams

[0038] On the other hand, in the scanning process according to this example, the existing range "M" of the heart "H"
is previously marked by performing the pre-imaging operation. Since the display unit 30 monitors this marking operation,
the display unit 30 converts a length of each of the ultrasonic beams displayed on the display screen into arrival time of
the ultrasonic pulse.

[0039] In the scanning process of this example, an ultrasonic pulse is transmitted from the apex portion "O" of the
heart "H" along the path OB,. This ultrasonic pulse passes through the tomographic image HB of the heart "H" located
within the existing range "M" and then is reached to a maximum depth within a biological body. However, echoes which
are reflected from the points farther than the maximum depth of the tomographic image HB of the heart "H" are essentially
unnecessary echoes. Therefore, as shown in Fig. 7A, when the ultrasonic pulse is transmitted from the apex portion "O"
along the first path OB, such echoes which have been produced up to the maximum depth of the existing range "M"
on the path OB are received among all of echoes produced from this ultrasonic pulse. At a time point when the echo
produced at the maximum depth M, of the existing range "M" is received, a transmission of an ultrasonic pulse is
commenced along the subsequent path OB,. In other words, a reception of echoes which are produced at the points
farther than this maximum depth M is skipped. As a result, as shown in Fig. 7B, with respect to the first path OB, such
a scanning time X, may be shortened which corresponds to a distance between the maximum depth M, of the existing
range "M" and the maximum depth "B," within the biological body.

[0040] Similar to the case of the first path OB, as to the next path OB, such echoes which have been produced up
to a maximum depth M, of the existing range M on the path OB, are received, whereas a reception of echoes produced
at the points farther than this maximum depth M, is skipped. Then, at a time instant when such an echo produced at
the maximum depth M, of the existing range "M" is received, a transmission of an ultrasonic pulse along the next path
OB, (third path) is commenced. As previously explained, while the receptions of such echoes are skipped which are
produced at the points farther than the maximum depths My, M4, M,, ---, M,, of the existing range "M" of the tomographic
image HB, the paths OB, OB, OB,, ---, OB,, are scanned in an equi-distance in a plurality of directions one after another
along an angle "6" with respect to the fan-shaped two-dimensional region OBB’ shown in Fig. 7A. As a consequence,
as shown in Fig. 7B, since the scanning time X, X4, X,, -, X,, can be shortened in the respective scanning processes,
the scanning time as to the entire region of the fan-shape two-dimensional region OBB’ can be largely shortened, as
compared with the scanning time in the conventional scanning process as shown in Fig. 6.

[0041] Although mostofthe reflected echoes are produced from the plural locations of the measurement target (namely,
heart "H"), only the detection signals corresponding to the focal region may be emphasized in such a manner that the
phase matching calculation unit 22 applies both proper weights and proper time differences to the respective detection
signals, and thereafter, adds these processed detection signals to each other.

[0042] An ultrasonic imaging method according to a first embodiment of the present invention will now be described.
[0043] Fig. 8A illustratively shows both the tomographic plane OBB’ which contains the tomographic image HB of the
heart "H" as shown in Fig. 4B, and also shows a locus of an ultrasonic beam which scans over this tomographic plane
OBB'. Fig. 8B shows a time chart of an ultrasonic scanning process which is performed in order to obtain a sector image
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as shown in Fig. 8A. Fig. 8C is a time chart showing reception waveforms of reflected echoes.

[0044] In this first embodiment, similar to the above-explained example, a pre-imaging operation is carried out, and
a peripheral portion of the tomographic image HB of the heart "H" is marked so as to set the existing range "M".
[0045] Next, a main ultrasonic imaging operation is carried out. As sown in Fig. 8B, both an ultrasonic pulse along
one path OB, from an apex portion "O" of the heart "H", and also an ultrasonic pulse along another path OB, are
transmitted in a continuous mode. Alternatively, although both the ultrasonic pulses are not continuously transmitted,
the below-mentioned ultrasonic pulse transmission timing manner may be employed. That is, the ultrasonic beam along
the path OBy, is reflected at a minimum depth M’ of the existing range "M" appeared on this path OB, and before the
reflected ultrasonic pulse (echo) is reached to the ultrasonic probe, another ultrasonic beam along another path OB; is
transmitted. As explained above, since the ultrasonic pulses are transmitted in such a manner that these ultrasonic
beams along the two paths scan over the existing range "M" during the substantially same time duration, a time period
required for scanning the tomographic plane OBB’ can be reduced to approximately 1/2.

[0046] Echoes produced in both the path OB and the path OB, are superposed on each other and then received by
the ultrasonic imaging apparatus as shown in Fig. 8C. These ultrasonic echoes may be separated from each other by
a calculation process operation executed in the phase matching calculation unit 22.

[0047] In this ultrasonic imaging apparatus, such echoes produced up to a maximum depth Mg or M; of the existing
range "M" are received among echoes produced along the path OB or OB;. In other words, receptions of echoes which
are produced at the points farther than the maximum depth My or M; are skipped, and then, ultrasonic pulses are
transmitted along a next path or next paths (for example, combination of path OB, and path OB;, ). As explained above,
since the receptions of echoes produced at the points farther than the maximum depth M, or M, of the existing range
"M" are skipped, scanning time X, or X; for the points farther than the maximum depth M, or M; can be shortened.
[0048] Similarly, both an ultrasonic pulse along one path OB, and another ultrasonic pulse along another path OB;, 4
are transmitted in a continuous mode. In this ultrasonic imaging apparatus, echoes produced up to a maximum depth
M, or M;, 4 of the existing range "M" are received among echoes produced along the path OB, or OB;, . Thus, receptions
of such echoes which are produced at the points farther than these maximum depths are skipped.

[0049] As explained above, the ultrasonic scanning operation by combining the two ultrasonic beams with each other
is repeatedly carried out in an equi-interval along a direction of an angle "6" with respect to the fan-shaped two-dimensional
region OBB’ as shown in Fig. 8A.

[0050] According to this first embodiment, the scanning time for the points located farther than the maximum depths
of the existing range "M" can be shortened. Furthermore, the ultrasonic beams along the two paths scan over the object
to be inspected during the substantially same time duration. As a result, the overall scanning time can be improved, and
therefore, the frame rate can be heightened. On the other hand, in the case where the frame rate is made constant,
images having high resolution can be obtained.

[0051] When selecting a plurality of paths along which the obj ect to be inspected is scanned during the substantially
same time duration, it is preferable to select a plurality of paths, for instance, the path OB and the path OB;, which are
spatially separated from each other. In this case, the echoes reflected from the respective directions may be easily
separated from each other by performing the reception focusing operation. At this time, a plurality of paths contained in
one tomographic plane may be selected. Alternatively, a plurality of paths which are contained in different tomographic
planes may be selected. For example, both a path contained in the tomographic plane OAA’ as shown in Fig. 3B and
another path contained in the tomographic plane OBB’ as shown in Fig. 4B may be alternatively selected.

[0052] Referring now to Fig. 9, an ultrasonic imaging method according to a second embodiment of the present
invention will be described. Fig. 9 illustratively shows both the tomographic plane OAA’ which contains the tomographic
image HA of the heart H indicated in Fig. 3B, and a locus of an ultrasonic beam which scans over this tomographic plane
OAA’

[0053] In this second embodiment, similar to the above-explained example, a pre-imaging operation is carried out,
and a peripheral portion of the tomographic image HA of the heart "H" is marked so as to set the existing range "M".
Then, while an attention is paid to this existing range "M", a scanning operation of such a region other than the existing
range "M" is skipped as to a scanning direction "9".

[0054] As shown in Fig. 9, in the two-dimensional region OAA’, the existing range "M" is located between a path OA;
and a path OA,,,. As a result, both a range defined by a path OA; to the path OAj and also another range defined by a
path OA, to a path OA,,, which are located in both sides of the existing range "M", are skipped along the angle direction
"9". In this case, a scanning operation similar to that of either the example or the first embodiment is carried out within
such a range defined by the path OA, to the path OA,,, which passes through the existing range "M".

[0055] In accordance with this second embodiment, since the ultrasonic pulse scanning operation is carried out while
skipping such an unnecessary range along the angle direction "6" in addition to the unnecessary range along the depth
direction, the overall scanning time can be furthermore shortened.

[0056] Next, an ultrasonic imaging method according to a third embodiment of the present invention will now be
explained with reference to Fig. 10. Fig. 10 schematically shows a heart to explain the ultrasonic imaging method of this
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third embodiment.

[0057] In this third embodiment, in the case where only a partial region within an object to be inspected is of interest
such as avalve portion "H™" of a heat"H" as shown in Fig. 10, only this region is limitedly scanned by using ultrasonic pulses.
[0058] Similar to the first embodiment, a pre-imaging operation is firstly carried out, and an area in the vicinity of the
valve portion "H™ of the heat "H" is marked by using the measuring region setting device 31. When a major imaging
operation is carried out, only such an area in the vicinity of the valve portion "H", which is marked, is scanned by using
ultrasonic beams by combining the scanning methods of the ultrasonic beam according to the example and the first and
second embodiments with each others.

[0059] In accordance with this third embodiment, since the ultrasonic beam is scanned only to the small region and
the unnecessary range is skipped, the ultrasonic imaging operation can be carried out in the high efficiency.

[0060] As previously described in detail, according to the presentinvention, the measuring time required in the scanning
operation of the ultrasonic beam executed one time can be shortened. Also, the scanning operations of the ultrasonic
beams can be carried out along the plural directions at the same time. Therefore, a total number of ultrasonic beams
which are transmitted per unit time can be increased. As a result, the ultrasonic imaging apparatus according to the
present invention can obtain image information in the high frame rates, or can improve the resolution of the obtained
image information.

Claims

1. An ultrasonic imaging method of transmitting an ultrasonic beam toward a measurement target located within an
object to be inspected, and receiving ultrasonic echoes reflected from the measurement target to generate detection
signals by using an ultrasonic probe (10), and processing the detection signals so as to obtain image information
of the measurement target, said method comprising the steps of:

(a) executing a pre-imaging operation and setting a region to be measured on the basis of an image obtained
by thepre-imaging operation; and

(b) transmitting an ultrasonic beam in such a manner that the region set at step (a) is scanned and receiving
ultrasonic echoes so as to execute an imaging operation,

characterized in that step (b) includes transmitting a first ultrasonic beam along a first direction and then transmitting
a second ultrasonic beam along a second direction different from the first direction before an ultrasonic echo of the
first ultrasonic beam reflected at a minimum depth point within the region set at step (a) reaches said ultrasonic
probe (10) and obtaining the detection signals generated on the basis of ultrasonic echoes reflected from at least
the first and second directions and separating the detection signals from each other.

2. An ultrasonic imaging method according to claim 1, wherein step (a) includes setting a region which contains an
existing range of the measurement target.

3. An ultrasonic imaging method according to claim 1, wherein step (a) includes setting a region which is limited to a
portion of the measurement target.

4. An ultrasonic imaging apparatus for transmitting an ultrasonic beam toward a measurement target located within
an objectto be inspected and receiving ultrasonic echoes reflected from the measurementtargetto generate detection
signals, and processing the detection signals so as to obtain image information of the measurement target, said
apparatus comprising:

drive signal generating means (12) for generating a plurality of drive signals;

an ultrasonic probe (10) for transmitting an ultrasonic beam in accordance with the plurality of drive signals
generated by said drive signal generating means (12) and receiving ultrasonic echoes of the transmittedultrasonic
beam to generate a plurality of detection signals;

signal processing means (14) for obtaining image information of the measurement target on the basis of the
plurality of detection signals generated by said ultrasonic probe (10);

measurement region setting means (31) for setting a region to be measured on the basis of an image obtained
by a pre-imaging operation; and

control means (20) for controlling both said drive signal generating means (12) and said signal processing
means (14) to transmit an ultrasonic beam in such a manner that the region set by said measurement region
setting means (31) is scanned and receive ultrasonic echoes by using said ultrasonic probe (10),
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characterized in that said control means (20) controls said drive signal generating means (12) to transmit a first
ultrasonic beam along a first direction and then transmit a second ultrasonic beam along a second direction different
from the first direction before an ultrasonic echo of the first ultrasonic beam reflected at a minimum depth point
within the region set by said measurement region setting means (31) reaches said ultrasonic probe (10) and controls
said signal processing means (14) to obtain the detection signals generated on the basis of ultrasonic echoes
reflected from at least the first and second directions and separate the detection signals from each other.

Patentanspriiche

1.

Ultraschall-Abbildungsverfahren zum Senden eines Ultraschallstrahls in Richtung auf ein MeRziel, welches sich
innerhalb eines zu priifenden Objekts befindet, und zum Empfangen von Ultraschallechos, die von dem Melziel
reflektiert werden, um Nachweissignale zu erzeugen, wozu eine Ultraschallsonde (10) verwendet wird, und zum
Verarbeiten der Nachweissignale, um Bildinformation tGber das MeRziel zu erhalten, umfassend folgende Schritte:

(a) Ausfiihren einer Vorabbildungsoperation und Einstellen einer zu messenden Zone auf der Grundlage eines
durch die Vorabbildungsoperation erhaltenen Bilds; und

(b) Senden eines Ultraschallstrahls in der Weise, daf3 die im Schritt (a) eingerichtete Zone abgetastet wird, und
Empfangen von Ultraschallechos, um eine Abbildungsoperation auszufiihren,

dadurch gekennzeichnet, da der Schritt (b) das Senden eines ersten Ultraschallstrahls entlang einer ersten
Richtung und das anschlieRende Senden eines zweiten Ultraschallstrahls entlang einer zweiten, von der ersten
Richtung verschiedenen Richtung beinhaltet, bevor ein Ultraschallecho des an einem Minimum-Tiefenpunkt inner-
halb der im Schritt (a) eingerichteten Zone reflektierten ersten Ultraschallstrahls die Ultraschallsonde (10) erreicht,
aullerdem das Erhalten der Nachweissignale, die auf der Grundlage von Ultraschallechos erzeugt wurden, die aus
zumindest der ersten und der zweiten Richtung reflektiert wurden, und das Separieren der Nachweissignale von-
einander.

Verfahren nach Anspruch 1, bei dem der Schritt (a) das Einrichten einer Zone beinhaltet, die einen existierenden
Bereich des Mel3ziels enthalt.

Verfahren nach Anspruch 1, bei dem der Schritt (a) das Einrichten einer Zone beinhaltet, die begrenzt ist auf einen
Teil des MeRziels.

Ultraschallabbildungsverfahren zum Senden eines Ultraschallstrahls auf ein MeRziel, welches sich in einem zu
prufenden Objekt befindet, und zum Empfangen von Ultraschallechos, die von dem MeRziel reflektiert werden, um
Nachweissignale zu erzeugen, und zum Verarbeiten der Nachweissignale mit dem Zweck, Bildinformation des
MeRziels zu erlangen, umfassend:

eine Treibersignalerzeugungseinrichtung (12) zum Erzeugen einer Mehrzahl von Treibersignalen;

eine Ultraschallsonde (10) zum Senden eines Ultraschallstrahls nach MaRgabe der mehreren Treibersignale,
die von der Treibersignalerzeugungseinrichtung (12) erzeugt werden, und zum Empfangen von Ultraschallechos
des gesendeten Ultraschallstrahls, um eine Mehrzahl von Nachweissignalen zu bilden;

eine Signalverarbeitungseinrichtung (14) zum Erhalten von Bildinformation des Mefziels auf der Grundlage
der mehreren, von der Ultraschallsonde (10) erzeugten Nachweissignale;

eine MelRzoneneinstelleinrichtung (31) zum Einrichten einer zu messenden Zone auf der Grundlage eines durch
eine Vorabbildungsoperation gewonnen Bilds; und

eine Steuereinrichtung (20) zum Steuern sowohl der Treibersignalerzeugungseinrichtung (12) als auch der
Signalverarbeitungseinrichtung (14), um einen Ultraschall in der Weise zu senden, daR die von der MeRzonen-
einstelleinrichtung (31) eingerichtete Zone abgetastet und Ultraschallechos unter Verwendung der Ultraschall-
sonde (10) empfangen werden,

dadurch gekennzeichnet, daB die Steuereinrichtung (20) die Treibersignalerzeugungseinrichtung (12) so steuert,
daB sie einen ersten Ultraschallstrahl entlang einer ersten Richtung sendet und anschlielend einen zweiten Ultra-
schallstrahl entlang einer zweiten, von der ersten Richtung verschiedenen Richtung sendet, bevor ein Ultra-
schallecho des an einem Minimum-Tiefenpunkt innerhalb der von der MeRzoneneinstelleinrichtung (31) eingerich-
teten Zone reflektierten Ultraschallstrahls die Ultraschallsonde (10) erreicht, und die Signalverarbeitungseinrichtung
(14) so steuert, da® die Nachweissignale erhalten werden, welche erzeugt werden auf der Grundlage von Ultra-
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schallechos, die aus mindestens der ersten und der zweiten Richtung reflektiert werden, und um die Nachweissignale
voneinander zu separieren.

Revendications

Procédé d’imagerie par ultrasons consistant a émettre un faisceau d’'ultrasons vers une cible de mesure située a
l'intérieur d'un objet a inspecter et a recevoir des échos ultrasonores réfléchis a partir de la cible de mesure pour
générer des signaux de détection en utilisant une sonde a ultrasons (10) et a traiter les signaux de détection de
fagon a obtenir des informations d’image de la cible de mesure, ledit procédé comprenant les étapes consistant a :

(a) exécuter une opération de préformation d’'image et établir une région a mesurer sur la base d’une image
obtenue par I'opération de préformation d’image, et

(b) émettre un faisceau d’'ultrasons de telle maniére que la région établie a I'étape (a) soit balayée et recevoir
des échos ultrasonores de fagon a exécuter une opération de formation d'image,

caractérisé en ce que |'étape (b) comprend I'émission d’'un premier faisceau d’ultrasons le long d’'une premiére
direction et ensuite I'émission d’un second faisceau d’ultrasons le long d’une seconde direction différente de la
premiére direction, avant qu’un écho ultrasonore du premier faisceau d’ultrasons réfléchi a un point de profondeur
minimum a l'intérieur de la région établie a I'étape (a) n’atteigne ladite sonde a ultrasons (10), et I'obtention des
signaux de détection, générés sur la base des échos ultrasonores réfléchis a partir d’au moins les premiére et
seconde directions, et la séparation des signaux de détection les uns des autres.

Procédé d’imagerie par ultrasons selon la revendication 1, dans lequel I'étape (a) comprend I'établissement d’'une
région qui contient une plage résistante de la cible de mesure.

Procédé d’imagerie par ultrasons selon la revendication 1, dans lequel I'étape (a) comprend I'établissement d’'une
région qui est limitée a une partie de la cible de mesure.

Dispositif d’'imagerie par ultrasons destiné a émettre un faisceau d’ultrasons vers une cible de mesure située a
l'intérieur d’'un objet a inspecter et a recevoir des échos ultrasonores réfléchis a partir de la cible de mesure pour
générer les signaux de détection, et a traiter les signaux de détection de fagon a obtenir des informations d’'image
de la cible de mesure, ledit dispositif comprenant :

un moyen de génération de signaux de commande (12) destiné a générer une pluralité de signaux de commande,
une sonde a ultrasons (10) destinée a émettre un faisceau d’'ultrasons conformément a la pluralité des signaux
de commande générés par ledit moyen de génération de signaux de commande (12) et recevoir les échos
ultrasonores du faisceau d’ultrasons émis pour générer une pluralité de signaux de détection,

un moyen de traitement de signal (14) destiné a obtenir des informations d'image de la cible de mesure sur la
base de la pluralité de signaux de détection générés par ladite sonde a ultrasons (10),

un moyen d’établissement de région de mesure (31) destiné a établir une région a mesurer sur la base d’'une
image obtenue par une opération de préformation d'image, et

un moyen de commande (20) destiné a commander a la fois ledit moyen de génération de signal de commande
(12) et ledit moyen de traitement de signal (14) pour émettre un faisceau d’'ultrasons, de telle maniére que la
région établie par ledit moyen d’établissement de région de mesure (31) soit balayée, et recevoir les échos
ultrasonores en utilisant ladite sonde a ultrason (10),

caractérisé en ce que ledit moyen de commande (20) commande ledit moyen de génération de signaux de com-
mande (12) pour émettre un premier faisceau d’'ultrasons le long d’'une premiere direction et émettre ensuite un
second faisceau d’ultrasons le long d’une seconde direction différente a la premiére direction avant qu’'un écho
ultrasonore du premier faisceau d’ultrasons réfléchi a un point de profondeur minimum a l'intérieur de la région
établie par ledit moyen d’établissement de région de mesure (31) n’atteigne ladite sonde a ultrasons (10) et com-
mande ledit moyen de traitement de signal (14) pour obtenir les signaux de détection générés sur la base des échos
ultrasonores réfléchis a partir d’au moins les premiére et seconde directions et séparer les signaux de détection les
uns des autres.
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