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Description
BACKGROUND
Technical Field

[0001] The present invention relates to an ultrasound diagnostic apparatus and a volume data processing method,
and more particularly to specification or measurement of an object tissue within a three-dimensional space.

Related Art

[0002] A three-dimensional space (a three-dimensional data acquisition space) can be formed by scanning a scanning
plane, which is formed by scanning an ultrasound beam, in the direction orthogonal to the scanning plane. A Disk
Summation method is conventionally known as a method for extracting an object tissue existing within a three-dimensional
space and calculating the volume thereof. With this conventional method, each of a plurality of slice data items which
are aligned across the object tissue is displayed as a tomographic image, and the outline of the object tissue is manually
traced on each tomographic image, enabling the cross sectional area in each slice to be calculated. Then, the cross
sectional area and the thickness (an interval between cross sections) for each slice is used to calculate an element
volume of each portion (each disc) in the object tissue. By summing these element volumes, a total volume of the object
tissue is obtained. According to this conventional method, the volume of the object tissue cannot be obtained with a high
precision unless the number of slice data items (i.e. the number of cross sections to be measured) is increased. On the
other hand, the burden of a user increases when manual tracing is required with respect to a great number of slice data
items. While application of automatic tracing in place of manual tracing with respect to each cross section may be
considered, if the outline includes an unclear portion, automatic tracing cannot be performed or the reliability of tracing
results is decreased.

[0003] JP2004-159997A describes processing for extracting a tissue (cardiac chamber or the like) existing within a
three-dimensional space. JP2002-224116A describes extraction of a tissue by using an outline model. JP 11-164834A
describes technology of correcting a manual tracing result. JP10-305033A, JP2002-330968A, JP2000-107183A, and
JP2000-26129 all describe technology of calculating a volume of a tissue.

[0004] The article "Transrectal ultrasound image processing for brachytherapy applications”, by Varsha Sampath, 25.
September 2006, Rochester, describes an ultrasound diagnosis apparatus for extracting an object tissue within living
body. A row of reference cross sections is set with regard to volume data. The row of reference cross sections includes
a plurality of manual tracing reference cross sections and the remaining sections, a plurality of automatic tracing reference
cross sections.

[0005] With regard to specification or measurement of an object tissue, technologies which sufficiently satisfy the
demand for achieving a high precision and lessening the burden of a user have not yet been achieved. None of the
documents described above describes a combined technology which allows realization of the advantages of both manual
tracing and automatic tracing in situations in which the outline of a tissue includes both clear and unclear portions. For
example, with regard to the placenta within a uterus during the later weeks of pregnancy, a region of the placenta in
contact with the uterus has a small difference in brightness in its ultrasound image whereas a region of the placenta in
contact with the amniotic fluid has a significant difference in brightness in its ultrasound image. For the above reasons,
there has been a demand for technology which makes it possible to reduce the burden on a user while increasing
precision when tracing a placenta in an ultrasound image.

SUMMARY

[0006] The present invention advantageously provides an apparatus and a method which enables improving the
precision of specification or measurement of an object tissue without imposing a significant burden on a user.

[0007] An ultrasound diagnostic apparatus according to an aspect of the invention is defined in claim 1.

[0008] Preferably, a set of cross sections formed of a plurality of cross sections is set with respect to an object tissue
(data corresponding to an object tissue) within volume data. In this case, the set of cross sections is preferably set so
as to cover a whole object tissue. The set of cross sections may correspond to a set of scanning planes formed of a
plurality of scanning planes or may be set independently from the set of scanning planes. In the set of cross sections,
intervals between individual cross sections may be uniform or non-uniform. With regard to a portion in the object tissue
where its shape significantly changes, a density of cross sections may be increased. In any case, the set of cross sections
is formed by including a plurality of representative cross sections and a plurality of non-representative cross sections.
When a plurality of representative cross sections are defined with respect to the object tissue, a manual tracing line is
formed on each representative cross section. With the above structure, in which manual tracing is performed with regard
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to a small number of representative cross sections, not all the cross sections, the burden of a user can be reduced.
Then, first correction procession is applied to each manual tracing line. The first correction processing includes deter-
mination of necessity of correction and execution of correction. With regard to each manual tracing line, a determination
at least as to whether or not correction is necessary is made. As such, each manual tracing line is automatically corrected
as required. For example, automatic tracing can be applied with regard to a portion of an object tissue having a clear
outline (boundary). In addition, because automatic tracing can generally be performed with a higher precision than
manual tracing (i.e., tracing results accounting for fine unevenness are more likely to be obtained by automatic tracing),
the results of manual tracing can be automatically corrected entirely or partially. (Consequently, manual tracing lines
which has been corrected can be obtained.) In this case, clearness of the outline of the object tissue can be used as a
criterion for determining whether or not application of correction processing is necessary. When the manual tracing lines
to which the first correction processing has been applied are formed on the plurality of representative cross sections,
respectively, interpolation tracing lines can be automatically formed in an easy manner on the individual non-represent-
ative cross sections on the basis of the manual tracing lines thus formed. For example, between two manual tracing
lines (adjacent manual tracing lines) on two adjacent representative cross sections (a pair of adjacent representative
cross sections), i.e. on one or a plurality of non-representative cross sections, one or a plurality of interpolation tracing
lines are automatically formed by interpolation processing. Thereafter, a second correction processing is applied to each
interpolation tracing line. The second correction processing, similar to the first correction processing described above,
includes determination of necessity of correction and execution of correction. Specifically, each interpolation tracing line
is corrected based on the actual tissue outline as required, thereby obtaining an interpolation tracing line which has been
corrected. As such, based on a row of tracing lines formed on a plurality of cross sections (including the plurality of
manual tracing lines after the first correction processing and the plurality of interpolation tracing lines after the second
correction processing), a surface shape of the object tissue can be imitated, and a three-dimensional image representing
the surface of the object tissue can be formed or a volume of the object tissue can be calculated. With the above structure,
because the individual manual tracing lines and the individual interpolation tracing lines can be corrected based on the
actual outline of the tissue (and as required), the precision in calculation and measurements can be increased. In other
words, with the above method, manual tracing and automatic tracing can be organically combined so that the advantages
of both types of processing can efficiently be obtained.

[0009] The representative cross section processing section includes a selection section which selects the plurality of
representative cross sections from a set of cross sections which is set with respect to the object tissue, a unit which
receives a tracing input from a user with respect to each representative cross section which is selected, and a first
correction processing section which, for the first correction processing, determines whether or not correction can be
applied for each point on each manual tracing line and corrects a position of a point which is determined to be correctable
based on an actual tissue outline. The representative cross sections are designated automatically or designated by a
user. The number of cross sections forming a set of cross sections or the number of representative cross sections in a
set of cross sections is designated automatically or designated by a user. Tracing of a tissue outline by a user is normally
performed on a tomographic image. While there are cases wherein fine unevenness cannot be sufficiently traced when
drawing manual tracing lines, as long as the tissue outline is clear (or distinguishable), the fine unevenness can be
traced with high precision by automatically correcting the manual tracing results (i.e. additional application of automatic
tracing). Alternatively, when it is not necessary to perform faithful manual tracing with respect to such fine unevenness,
the burden on a user can be reduced.

[0010] The first correction processing section determines whether or not correction can be performed by setting a
cross line with regard to each point and performing edge detection on the cross line. For edge detection, it is preferable
that changes in the brightness value (a differential value) or the like are considered.

[0011] The non-representative cross section processing section includes a unit which forms an interpolation tracing
line on each non-representative cross section by interpolation processing based on a plurality of manual tracing lines
to which the first correction processing has been applied, and a second correction processing section which, for the
second correction processing, determines whether or not correction can be performed for each point on each interpolation
tracing line and corrects a position of a point which is determined to be correctable based on an actual tissue outline.
With this structure, the interpolation tracing lines are automatically generated on the respective non-representative cross
sections, and then each interpolation tracing line is corrected based on the actual tissue outline, so that the tracing
results can be obtained with high precision. As no manual operations are necessary for the non-representative cross
sections, the burden on the user can be lessened. Further, because the interpolation tracing lines are not only generated
but also corrected based on the actual tissue outline, reliability of the interpolation processing results can be increased.
[0012] Preferably, the second correction processing section determines whether or not correction can be performed
by setting a cross line with regard to each point and performing edge detection on the cross line. Preferably, the ultrasound
diagnostic apparatus includes a unit which receives designation of a base line extending through the object tissue, and
a unit which sets a set of cross sections which are arranged in a direction of the base line and which are orthogonal to
the base line, and the plurality of representative cross sections and the plurality of non-representative cross sections
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are determined from the set of cross sections. With this structure, a set of cross sections is preset prior to tracing, and
some cross sections forming the set are designated as the representative cross sections, respectively, and other cross
sections are designated as the non-representative cross sections, respectively. However, itis also possible that a plurality
of representative cross sections and a plurality of non-representative cross sections are set stepwise, so that a set of
cross sections is consequently defined.

[0013] A method according to another aspect of the present invention is defined in claim 10.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Preferred embodiments of the present invention will be described in detail based on the following figures,
wherein:

Fig. 1 is a block diagram showing an ultrasound diagnostic apparatus according an embodiment of the present
invention;

Fig. 2 is a flowchart for explaining processing of extracting an object tissue;

Fig.3 is a view showing a cross sectional data concerning uterus;

Fig. 4 is a view showing volume data including placenta;

Fig. 5 is a view for explaining setting of a base cross section with respect to volume data;

Fig. 6 is a view showing a tomographic image corresponding to the base cross section;

Fig. 7 is a view for explaining setting of a base line on the tomographic image;

Fig. 8 is a view showing a row of reference cross sections automatically formed using the base line as a basis with
respect to the volume data;

Fig. 9 is a view showing a plurality of manual tracing reference cross sections included in the row of reference cross
sections;

Fig. 10 is a view showing a plurality of tomographic images corresponding to the plurality of manual tracing reference
cross sections;

Fig. 11 is a view for explaining a manual tracing line;

Fig. 12 is a view for explaining automatic correction of the manual tracing line;

Fig. 13 is a view for explaining automatic correction of a position on the tracing line;

Fig. 14 is a view for explaining a method of generating a plurality of interpolation tracing lines by interpolation
processing;

Fig. 15 is a view for explaining an interpolation tracing line generated by interpolation processing;

Fig. 16 is a view showing an interpolation tracing line which is automatically corrected;

Fig. 17 is a tracing plane formed of a plurality of tracing lines which are set along the entire areas of an object tissue;
Fig. 18 is a flowchart showing extraction processing according to another embodiment of the present invention;
Fig. 19 is a view conceptually showing addition of a manual tracing reference cross section;

Fig. 20 is a view showing a relationship of the shapes of a pair of adjacent manual tracing lines;

Fig. 21 is a view for explaining a method of calculating similarity between a pair of adjacent manual tracing lines;
Fig. 22 is a view for explaining some methods of adding cross sections; and

Fig. 23 is a view for specifically explaining the method shown in the lower portion of Fig. 22.

DETAILED DESCRIPTION

[0015] Preferred embodiments of the present invention will be described in detail with reference to the accompanying
drawings.

[0016] Fig. 1 is a block diagram showing the overall structure of an ultrasound diagnosis apparatus according to an
embodiment of the present invention. This ultrasound diagnosis apparatus is intended for use in the medical field, and,
in particular, has a function of extracting an object tissue within a living body and calculating the volume thereof. The
object tissue may include a placenta, a malignant tumor, a gallbladder, a thyroid gland, and so on. In the following
examples, processing of extracting a placenta as an object tissue will be described.

[0017] Referring to Fig. 1, a 3D (three-dimensional) probe 10 is an ultrasound transmitter/receiver which is used in
contact with a body surface or used in a state where it is inserted into cavities of humans. In this embodiment, the 3D
probe 10 includes a 2D (two-dimensional) array transducer which is composed of a plurality of transducer elements
arranged in the first and second directions. An ultrasound beam is formed by the 2D array transducer and is scanned
two-dimensionally, so that a three-dimensional echo data capturing space is formed as a three-dimensional space. More
specifically, the three-dimensional space is formed as an assembly of a plurality of scanning planes each formed by
scanning an ultrasound beam one dimensionally. A mechanism for mechanically scanning a 1D array transducer may
be provided, in place of the 2D array transducer, for forming a similar three-dimensional space.
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[0018] A transmission section 12 functions as a transmitting beam former. The transmission section 12 supplies a
plurality of transmitting signals which are delayed to the 2D array transducer, and thus a transmitting beam is formed.
Reflected waves from the living body are received by the 2D array transducer, which thereby outputs a plurality of
receiving signals to a receiving section 14. The receiving section 14 executes alignment and summation processing with
respect to the plurality of receiving signals, thereby outputting a receiving signal (beam data) having been subjected to
alignment and summation processing. The receiving signal is then subjected to predetermined signal processingincluding
detection, logarithmic transformation, and so on. The beam data which is a receiving signal having been subjected to
signal processing is stored in a 3D memory 16.

[0019] The 3D data memory 16 includes a three-dimensional memory space corresponding to a three-dimensional
space which is a transmission/reception space within a living body. When writing or reading data is performed with
respect to the 3D data memory 16, coordinate transformation with regard to each data is executed. In the present
embodiment, when writing data in the 3D data memory 16, coordinate transformation from a transmission/reception
coordinate system to a memory space coordinate system is performed, whereby volume data which will be described
below is formed. The volume data is an assembly of a plurality of frame data items (a plurality of slice data items)
corresponding to a plurality of scanning planes. Each frame data is composed of a plurality of beam data items, and
each beam data is formed of a plurality of echo data arranged in the depth directions. Here, the 3D data memory 16
and each of the elements which will be described after this 3D data memory 16 can be implemented as special-use
hardware or as a software function.

[0020] Athree-dimensionalimage forming section 18 executesimage processing based on a volume rendering method,
for example, based on the volume data stored in the 3D data memory 16, thereby forming a three-dimensional ultrasound
image. The image data thus obtained is transmitted to a display processing section 26. An arbitrary tomographic image
forming section 20 forms a tomographic image corresponding to an arbitrary cross section within a three-dimensional
space which is set by a user. In this case, data array corresponding to the arbitrary cross section is read from the 3D
data memory 16, so that, based on the data array thus read, a B mode image is formed as an arbitrary tomographic
image. The resulting image data is then transmitted to the display processing section 26.

[0021] A tissue extraction section 22, which is a module that executes image processing specific to the present
embodiment and which will be described in detail below, extracts an object tissue (object tissue data) existing within the
three-dimensional space or the volume data space by using trace processing. In this case, as will be described in detail
below, manual tracing processing and interpolation processing are used in combination, and also automatic correction
processing is used with respect to the respective processing results. The object tissue data thus extracted is transmitted
to the display processing section 26 and used for image display of the object tissue, and, in the present embodiment,
is also transmitted to a volume calculation section 24.

[0022] The volume calculation section 24 is a module which obtains a volume of an object tissue by using the volume
calculation method (Disk Summation Method) described above. More specifically, as a row of tracing lines formed of a
plurality of closed loops are formed for the whole object tissue by the tissue extraction section 22, the volume calculation
section 24 obtains the volume of the object tissue in an approximate manner based on these tracing lines. In this case,
the distance between each closed loops, i.e. between each cross section, is also used. The data of the volume values
thus calculated is transmitted to the display processing section 26. Here, the volume calculation method includes, in
addition to the Disk Summation Method described above, Average Rotation Method, and so on.

[0023] Each of the modules, i.e. the three-dimensional image forming section 18, the arbitrary tomographic image
section 20, and the tissue extraction section 22, and so on, functions in accordance with an operation mode selected
by a user, and data corresponding to the respective modes are input to the display processing section 26. The display
processing section 27 performs image combining processing, coloring processing, and so on, with respect to the input
data, and outputs image data which is the processing result. In accordance with the operation mode, a three-dimensional
ultrasound image, an arbitrary tomographic image, and so on, and also a three-dimensional image of the extracted
tissue, and the volume thereof are displayed in the display section 28. Here, itis possible to display the three-dimensional
image of the whole three-dimensional space and the three-dimensional image of the object tissue in a combined manner.
[0024] A control section 30 controls the operation of each section shown in Fig. 1, and particularly controls the tissue
extraction processing and the volume calculation described above based on the parameters set by a user through an
input section 32. The control section 30 also controls data writing to the 3D data memory 16 and so on. The input section
32 is formed of an operation panel including a keyboard, a trackball, and so on. The control section 30 is formed of a
CPU, an operation program, and so on. Here, the three-dimensional image processing, the arbitrary tomographic image
forming processing, the tissue extraction processing, and the volume calculation may be executed by a single CPU.
[0025] Referring now to Fig. 2 and the subsequent drawings, the processing of extracting an object tissue will be
specifically described. Fig. 2 provides a flowchart for the entire process.

[0026] In step S101, data is collected by using the 3D probe described above. In this case, a plurality of scanning
planes are formed. Fig. 3 shows sectional data 40 corresponding to one scan plane. In the present embodiment, an
object for observation is a placenta, such as that shown in Fig. 3 as cross section 42A. Here, numeral 41 denotes a
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fetus, numeral 43 denotes a uterus, and numeral 45 denotes amniotic fluid. As shown, the placenta 42A is attached or
joined to the inner wall of the uterus 43, and the image on the sectional data 40 at this joining portion, i.e. the boundary
portion, shows little difference in brightness and is unclear.

[0027] In step S102 of Fig. 2, volume data is assembled in the 3D data memory shown in Fig. 1. Specifically, the
sectional data 40 as shown in Fig. 3 is sequentially stored in the 3D data memory 16, whereby a set of volume data is
assembled in the memory 16, as shown in Fig. 4. The volume data (or a three-dimensional space) 44 includes a placenta
(placental data) 42, with other tissues not shown in Fig. 4.

[0028] In step S103, while an arbitrary tomographic image is being displayed on the display section, the position of
the cross section is approximately adjusted, thereby setting a base cross section 46 as shown in Fig. 5. In this case, it
is desirable to position the base cross section 46 such that the whole placenta 42 which is an object tissue appears on
the tomographic image, and particularly that the display size of the placenta can be maximized. However, because this
base cross section is used for merely determining the basis for setting a row of reference cross sections (a set of cross
sections), it is sufficient to set the base cross section 46 such that approximately the entire of the placenta 42 is covered,
and strict positioning of the base cross section 46 is not required. Fig. 6 shows, in an enlarged view, a tomographic
image 46A corresponding to the base cross section 46. In Fig. 6, (the cross section of) the placenta 42B is attached to
(the cross section of) the uterus 43.

[0029] Instep S104, as showninFig. 7, points at both ends of the placenta 42B which is an object tissue are designated
by a user on the tomographic image 46A representing the base cross section. In Fig. 7, the points at both ends are
designated with numerals 50 and 52. A straight line connecting these points is a base line 54. Further, in step S104, the
number m of cross sections forming a row of reference cross sections which will be described below is also set.
[0030] Once the base line 54 is set, a row of reference cross sections 56 are automatically generated with regard to
the volume data 44 corresponding to a three-dimensional space, as shown in Fig. 8. The row of reference cross sections
56 is formed as a plurality of cross sections orthogonal to the base line shown in Fig. 7, and is specifically formed of a
plurality of cross sections arranged at equal or non-equal intervals from one end point 50 to the other end point 52. More
specifically, the row of reference cross sections 56 includes a plurality of manual tracing reference cross sections 58
and a plurality of automatic tracing reference cross sections 60. The manual tracing reference cross sections 58 are
formed in a predetermined number n which is in the range of 5 to 10, for example. When a follow-up addition processing
which will be described below is applied, the manual tracing reference cross sections may be additionally set in a number
exceeding n. The manual tracing reference cross section corresponds to a representative cross section. Here, because
it is sufficient to perform manual tracing only with regard to the representative cross sections, the burden of the user can
be significantly lessened. With regard to the individual automatic tracing reference cross sections 60, on the other hand,
the tracing lines are automatically generated by interpolation processing, as will be described below.

[0031] Specifically, in step S105 of Fig. 2, the reference cross sections in the number n which is automatically selected
or selected by the user are displayed as a tomographic image on a screen. Fig. 9 shows n reference cross sections 58.
Fig. 10 shows a plurality of tomographic images 58A corresponding to the n reference cross sections 58, which form an
image list (an image collection) 64. In this case, a plurality of tomographic images 58A may be displayed sequentially
one by one or simultaneously displayed.

[0032] In step S106, manual tracing is performed with respect to the individual tomographic images 58A (see Fig. 10).
Specifically, the user, while observing an image, traces the outline, i.e. the boundary, of the placenta by using the input
section. The result of tracing is shown in Fig. 11. In Fig. 11, numeral 42B denotes a cross section of the placenta, and
numeral 42C denotes the outline of the placenta. The outline includes an unclear portion in contact with the uterus and
a relatively clear portion in contact with the amniotic fluid. Even an unclear portion can be traced to a certain degree due
to human visual judgment and empirical understanding. A manual tracing line denoted by numeral 66 is formed by tracing
the outline 42C as a closed loop. The manual tracing line 66 includes a portion 66B located on the uterus 43 side and
a portion 66A located on the amniotic fluid 45 side. In the both portions 66A and 66B, precise or faithful tracing cannot
be achieved with respect to fine unevenness of the uterus, and only the approximate shape of the uterus is imitated as
aloop line.

[0033] Instep S107 shown in Fig. 2, automatic correction of the manual tracing line is performed as shown in Fig. 12.
This correction processing is performed for each manual tracing line, i.e. for each manual tracing reference cross section
serving as a representative cross section. Specifically, as shown in Fig. 12, edge detection processing is applied to each
point on the manual tracing line with respect to its peripheral portion, and, with regard to a point for which an edge has
been detected, processing of shifting that point to the position on the edge is performed. With regard to a point for which
no edge is detected, the manual tracing result is maintained. As such, as a result of the first correction processing
performed with respect to each manual tracing line, an automatic tracing line portion 68A obtained by faithful tracing
along the outline 42C is formed with regard to the line portion on the amniotic fluid 45 side, as shown in Fig. 12. With
regard to the portion of the line on the uterus 43 side, on the other hand, because automatic tracing cannot be appropriately
performed due to poor difference in brightness, the original tracing result, which is the manual tracing line 68B, is retained.
In this portion, the manual tracing result is preferentially adopted in consideration of errors which could result from
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automatic tracing due to lack of clarity of the image, although a fine unevenness shape cannot be faithfully traced by
the manual tracing. As such, with the above processing, in regards to the manual tracing and the automatic tracing or
automatic tracing line correction, it is possible to efficiently use the advantages of the both processing or complement
the disadvantages with each other, in consideration of the respective advantages and disadvantages. Further, if the
manual tracing is performed on the premise that the automatic tracing line correction is performed, the burden on the
user can be advantageously reduced. In addition, an advantage that the precision in extraction and volume calculation
can be increased can also be achieved.

[0034] Fig. 13 shows a specific method of correcting a point. With regard to a certain point 72 on the manual tracing
line 66, a direction 74 which is orthogonal to the tracing line 66 is defined, and edge detection is executed along this
direction 74 in both directions from the point 72. The range of edge detection is indicated by numeral 76. In edge detection,
adifferential value is calculated at each detection position, and a position is determined to be an edge when the differential
value atthat position exceeds a predetermined value. In the illustrated example, because the differential value is increased
when a detection point reaches the outline 42C, updating processing for shifting the point 72 to a new position 78 is
performed. As a result of application of this processing to the individual points on each tracing line, with regard to a
portion having a clear outline, a tracing line portion which coincides with the outline can be generated.

[0035] While in this embodiment the differential processing is applied as described above, various other processing
can also be applied as long as an edge can be detected. According to the present embodiment, because, with regard
to an unclear image-portion with little difference in brightness, the forced position correction is not performed, i.e. the
manual tracing result is preferentially adopted, excessive correction of tracing results can be prevented. Further, the
direction of edge detection may be various directions other then the orthogonal direction. For example, when a center
point of a tissue is known, a straight line connecting the noted point and the center point may be defined as a detection
direction.

[0036] In step S108 shown in Fig. 2, with regard to the plurality of automatic tracing reference cross sections shown
in Fig. 8, automatic tracing processing is executed. In this case, as shown in Fig. 14, a plurality of composite tracing
lines 68 which are a plurality of manual tracing lines to which the first correction processing has been applied, formed
on the plurality of manual tracing reference cross sections 58, are used as a basis. Specifically, on the basis of these
composite tracing lines 68, interpolation processing is performed, so that a tracing plane 70 obtained by coupling a
plurality of closed loops into a plane shape is formed. In this case, while it is not necessarily required to generate a
perfect three-dimensional curved surface, it is at least required that the interpolation processing be executed such that
an interpolation tracing line is generated on each automatic tracing reference cross section 60.

[0037] Fig. 15 shows sectional data 60 on the automatic tracing reference cross section corresponding to a non-
representative cross section. Specifically, an interpolation tracing line 74 which is a closed loop substantially enclosing
the outline 42C of the placenta 42B which is an object tissue is automatically set. This interpolation tracing line 74,
however, is not a result of actual tracing, but is generated by interpolation processing based on two or more composite
tracing lines provided on the manual tracing cross sections existing before and after the noted automatic tracing reference
cross section. Accordingly, the interpolation tracing line 74 may completely or partially deviate from the actual outline 42C.
[0038] Accordingly, in step S109 of Fig. 2, the processing for automatically correcting the tracing lines as described
with reference to Figs. 12 and 13 is executed. Specifically, as shown in Fig. 16, a line portion in contact with the amniotic
fluid is subjected to the automatic correction, whereas a line portion in contact with the uterus 43 is not subjected to the
automatic tracing correction and the tracing result by means of the interpolation processing is maintained. Consequently,
the interpolation tracing line which is partially corrected is formed. The second correction processing as described above
is executed with regard to each of the automatic tracing reference cross sections.

[0039] By performing a series of the processings described above, a tracing plane having been subjected to the
automatic correction, which encloses or imitates the whole placenta which is an object tissue can be defined. The tracing
plane 72 is specifically formed of a plurality of closed loops, i.e. a plurality of tracing lines which include the plurality of
composite tracing lines (the plurality of manual tracing lines having been subjected to the first correction processing)
and the plurality of interpolation tracing lines having been subjected to the second correction processing. In step S111,
a three-dimensional image of the tissue which is extracted is displayed on the screen along with the volume data
calculated concerning the tissue.

[0040] Conventionally, in order to achieve volume calculation with high precision, it is necessary to perform manual
tracing precisely with respect to a large number of (such as 200 or 300, for example) cross sections, as a result of which
great burden is placed on a user or reliability of the volume calculation value is reduced because such processing is
substantially impossible. According to the present embodiment, however, it is sufficient to perform manual tracing only
with respect to a plurality of representative cross sections, allowing a significant reduction in the user’s burden and also
allowing acquirement of the calculation results with high precision. Specifically, because tracing correction is automatically
applied to the manual tracing results, a user can perform manual tracing without being concerned with very fine une-
venness in the clear outline portions, resulting in a further reduction in the user burden. Further, the manual tracing need
not be performed with regard to the non-representative cross sections. Specifically, with regard to the non-representative
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cross sections, the automatic tracing is applied, and the automatic correction is further applied to the automatic tracing
results, thereby processing an image such that the image with high reliability can be obtained. In this regard, the user’s
burden can also be reduced and highly precise calculation can be performed.

[0041] While, in the above example, the base cross section, both end points, the number of representative cross
sections, the number of cross sections forming a cross section set, and so on are set by a user, all or a portion of these
items may be set automatically. Alternatively, the values of these items may be dynamically varied depending on the
situation. Further, while in the above example a plurality of cross sections are basically arranged at an equal interval, it
is also possible to reduce the interval between the cross sections, i.e. to arrange the cross sections close to each other
in the portion of a tissue in which a change in the shape is great, and to increase the interval between the cross sections,
i.e. to arrange the cross sections distant from each other in other portions. Also, according to the above-described
embodiment, because whether or not automatic tracing correction is necessary is automatically determined for each
point, excessive correction can be prevented. Specifically, it is possible to adaptively determine, in accordance with
clearness of the boundary or the outline, whether the manual tracing results or the interpolation tracing results are
maintained or these results are corrected. As such, processing which can adapt to various situations can be advanta-
geously achieved. Here, various methods conventionally proposed can be used for automatic tracing and correction of
the tracing lines.

[0042] Referring now to Figs. 18 to 23, an example modification will be described. Fig. 18 is a flowchart showing a
process of extracting an object tissue. It should be noted that steps similar to those shown in Fig. 2 are designated by
the same numerals in Fig. 18, and that these steps will not be described again.

[0043] The process shown in Fig. 18 further includes step S200 for generating one or a plurality of additional manual
tracing reference cross sections (i.e. one or a plurality of additional manual tracing lines) between the steps S107 and
S108, as required. This step S200 aims at increasing the density of the manual tracing operations to thus enhance the
tissue extraction precision with regard to a portion with a great change in the shape. Fig. 19 conceptually shows the
processing content. Specifically, with this processing, when, among pairs of adjacent manual tracing lines 100-1, 100-2,
100-3, ..., a pair of adjacent manual tracing lines in which a change in the shape of the object tissue portion is great and
therefore the similarity of the tracing lines is small is specified, an additional manual tracing reference cross section 102
is additionally set between the specified pairs of adjacent manual tracing lines (see the pairs 100-1 and 100-2 in Fig.
19). Here, in the process shown in Fig. 18, a step corresponding to the addition processing step S200 can be provided
between the steps S106 and S107. In this case, after one or a plurality of additional manual tracing lines are added,
automatic correction processing (S107) is applied with respect to a group of manual tracing lines including these additional
manual tracing lines.

[0044] The process shown in Fig. 18 will be specifically described. A series of steps starting from step S201 are
performed for each pair of adjacent manual tracing lines, with the object pair of adjacent manual tracing lines being
shifted one by one. A pair of adjacent manual tracing lines is formed of two adjacent manual tracing lines (which are
two composite tracing lines when automatic correction has been already applied). Assuming that the number of manual
tracing reference cross sections prior to the addition processing is n, the pair of adjacent manual tracing lines in the
number (n-1) is formed.

[0045] In step S201, similarity is calculated with regard to the pair of adjacent manual tracing lines which is under
consideration at that time (i.e. an object pair of adjacent manual tracing lines). In calculating the similarity, a cross-
correlation operation, for example, is executed. More specifically, information representing the similarity of the shapes
of the two manual tracing lines is obtained. This information serves as a criterion when determining whether or not a
manualtracing reference cross section should be added, i.e. whether or not a portion has a significant change in the shape.
[0046] Fig. 20 shows a specific example of similarity calculation. First, in order to appropriately perform pairing which
will be described below, sampling processing is applied to each of two manual tracing lines 102A and 102B which are
adjacent to each other, to thereby set rows of points 104A and 104B, respectively. Then, a plurality of point pairs are
defined between these rows of points 104A and 104B in accordance with a predetermined rule. Specifically, each point
pair is formed of two points which are in a corresponding relationship (see numeral 106). A variety of suitable rules can
be selectively adopted in accordance with the situation. For example, it is possible that, with regard to the rows of points
104A and 104B, a first point pair is specified for two points which are the most closely adjacent to each other, and then
pairing is sequentially performed from the first point pair in the predetermined rotating direction, to finally specify the n-
th point pair.

[0047] Fig. 21 shows a result of such processing. Specifically, as described above, two rows of points 104A and 104B
are set on the two manual tracing lines 102A and 102B on the two adjacent manual tracing reference cross sections
58A and 58B, respectively. Then, a centroid is obtained with regard to each of the manual tracing lines 102A and 102B,
and a distance between the centroid and each point is calculated. As indicated by numeral 108 in Fig. 21, when the
distance to the centroid is represented for each sample point number t with respect to each row of points 104A, 104B,
graphs (functions) f5(t) and fg(t) are obtained. Then, by executing the cross-correlation operation (1) described below,
the similarity o as a cross-correlation coefficient can be obtained (similarity o: 0.0 to 1.0). Here, the method of obtaining
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the similarity a is not limited to the example described above. In any case, information indicating the similarity of shapes
between two tracing lines is obtained.

[ s
W e wan [ 2 o

[0048] Referring again to Fig. 18, in step S202, whether or not the similarity o described above is equal to or less than
a predetermined value is determined. If the similarity o exceeds the predetermined value, the two shapes are determined
to be similar, and the process proceeds to step S205 and addition of cross sections is not performed. If the similarity o
is equal to or less than the predetermined value, on the other hand, the two shapes are determined to have no similarity,
i.e. a change in the shape of the object tissue is determined to be great. Consequently, in step S203, one or a plurality
of additional manual tracing reference cross sections are set between the two adjacent manual tracing reference cross
sections. Here, the number of cross sections to be added may be one fixed number or may be varied depending on the
situation. Subsequently, the processing similar to those in steps S105 to 107 described above is applied on each of the
added manual tracing reference cross sections. More specifically, each of the added reference cross section is displayed
as an image, and the user performs manual tracing while observing the image. Then, each manual tracing line is
automatically corrected. Here, such an additional manual tracing operation may be performed after completion of the
determination of necessity of addition with respect to all the pairs of adjacent manual tracing lines. In step S205, whether
or not the above-described determination concerning the addition processing and the necessary addition processing is
completed is determined with regard to all the pairs of adjacent manual tracing lines, and if there are any unprocessed
pairs of adjacent manual tracing lines, the above processing is repeated with respect to these unprocessed pairs.
[0049] With regard to the above-described step S203, several methods of adding a manual tracing reference cross
section may be applied, as will be described below with reference to Figs. 22 and 23. It should be noted that the correction
of the process shown in Fig. 18 should be determined based upon the addition method to be employed.

[0050] Fig. 22 shows three types of addition methods. When the method shown in the upper level of the table shown
in Fig. 22 is selected, a single predetermined value (threshold value) described above is used. Then, when the similarity
o equals to or is less than the predetermined value, only one manual tracing reference cross section is added. Fig. 22,
in the upper level, further shows the condition and specific example of this method. In this specific example, one reference
cross section is added in each of a space between the cross sections B and C and a space between the cross sections
C and D (see the hatched portions). In the type of method shown in the middle level in the table of Fig. 22, a plurality of
different threshold values are used. For example, a plurality of threshold values are used as indicated as conditions in
the table, and either 1, 2, or 3 is selected as the number of cross sections to be added for each range of the threshold
values. Obviously, no reference cross sections are to be added if the similarity exceeds the maximum threshold value.
In the specific example of this method, one reference cross section is added between B and C, and two reference cross
sections are added between C and D. Further, in the type of method shown in the lower level in the table of Fig. 22, the
number of cross sections to be added is previously determined as k, and the additional cross sections in the number k
are dynamically distributed. This method will be described with reference to Fig. 23. It is first assumed that an increment
Aa. has been obtained from (oyyax - oin)/K- Here, oyax indicates the maximum value of all the o values in its initial
state, and o, indicates the minimum value of all the o values in its initial state. As shown in Fig. 23 (1), a cross section
pair having o with the minimum value is specified among all the cross section pairs, and one additional cross section is
inserted. In this example, insertion of one additional cross section between C and D is determined. With this processing,
the increment Ao described above is added to the minimum a. (i.e. the original o between C and D) (at this point in time,
the minimum value is raised). Then, as shown in Fig. 23(2), in the state after the above-descried addition processing,
o having the minimum value is specified again. Here, because the o value between C and D is minimum once again,
further insertion of one additional cross section between C and D is determined. Then, as in the above processing, the
increment Ao is further added to o having been subjected to adding correction. Subsequently, as shown in Fig. 23(3),
in the state after the second addition processing, o with the minimum value is specified. In this case, because o between
B and C is the minimum, insertion of an additional cross section between B and C is determined. In this manner, with
repetition of insertion of an additional cross section in k times, the insertion processing of additional cross sections is
completed. The processing conditions and the specific example in this case are also shown in the lower level in the table
of Fig. 22. While example adding methods are described above, any appropriate method may be selected in accordance
with a particular situation. The method shown in the lower level of the table in Fig. 22 is advantageous in that a further
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number of cross sections can be added in the position where the cross sections should be preferentially added, within
a limited number of cross sections to be added. According to the methods shown in the upper and middle levels, on the
other hand, simple processing can be expected.

Claims
1. An ultrasound diagnostic apparatus, comprising:

a data acquisition section which performs transmission and reception of ultra-sound with respect to a three-
dimensional space including an object tissue to acquire volume data;

arepresentative cross section processing section which, when a plurality of manual tracing lines (66) are formed
on a plurality of representative cross sections (58, 60) which are set with regard to the object tissue, applies a
first correction processing to each manual tracing line (66);

a non-representative cross section processing section which forms, by interpolation processing based on a
plurality of manual tracing lines (66) to which the first correction processing has been applied, a plurality of
interpolation tracing lines (74) on a plurality of non-representative cross sections (58, 60) which are set with
regard to the object tissue, and applies a second correction processing to each interpolation tracing line (74); and
a unit which extracts object tissue data from the volume data or calculates a volume of the object tissue, based
on rows of tracing lines formed of a plurality of manual tracing lines (66) to which the first correction processing
has been applied and a plurality of interpolation tracing lines (74) to which the second correction processing
has been applied

characterized in that

the first correction processing includes partially correction processing in which a portion of each manual tracing line
(66) is corrected based on an actual tissue outline (42C) and another portion of the manual tracing line (66) is
maintained, the representative cross section processing section includes:

a selection section which selects the plurality of representative cross sections (58, 60) from a set of cross
sections which is set with respect to the object tissue;

a unit which receives a tracing input from a user with respect to each representative cross section (58, 60) which
is selected; and

a first correction processing section which, for the first correction processing, determines whether or not cor-
rection can be applied for each point on each manual tracing line (66) and corrects a position of a point which
is determined to be correctable based on an actual tissue outline (42C),

wherein the first correction processing section determines whether or not correction can be performed by setting a
cross line with regard to each point and performing edge detection on the cross line, wherein if an edge is detected
it is determined that an correction can be performed and if no edge is detected it is determined that no correction
can be performed.

2. The ultrasound diagnostic apparatus according to claim 1, wherein
the non-representative cross section processing section includes:

a unit which forms an interpolation tracing line (74) on each non-representative cross section (58, 60) by inter-
polation processing based on a plurality of manual tracing lines (66) to which the first correction processing has
been applied; and

a second correction processing section which, for the second correction processing, determines whether or not
correction can be performed for each point on each interpolation tracing line (74) and corrects a position of a
point which is determined to be correctable based on an actual tissue outline (42C).

3. The ultrasound diagnostic apparatus according to claim 2, wherein
the second correction processing section determines whether or not correction can be performed by setting a cross
line with regard to each point and performing edge detection on the cross line.

4. The ultrasound diagnostic apparatus according to claim 1, comprising:

a unit which receives designation of a base line (54) extending through the object tissue; and
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a unit which sets a set of cross sections (58, 60) which are arranged in a direction of the base line (54) and
which are orthogonal to the base line (54),

wherein
the plurality of representative cross sections (58, 60) and the plurality of non-representative cross sections (58, 60)
are determined from the set of cross sections (58, 60).

The ultrasound diagnostic apparatus according to claim 1, wherein
the object tissue is a tissue within uterus (43).

The ultrasound diagnostic apparatus according to claim 1, further comprising:

a similarity calculation section which calculates a similarity value for each pair of adjacent manual tracing lines
(66) in a plurality of manual tracing lines (66) before or after the first correction processing;

an additional representative cross section setting section which adds one or a plurality of additional representative
cross sections (58, 60) in addition to the plurality of representative cross sections (58, 60) based on the similarity
value for each pair of adjacent manual tracing lines (66); and

an additional representative cross section processing section which applies the first correction processing to
one or a plurality of manual tracing lines (66) formed on the one or plurality of additional representative cross
sections (58, 60).

The ultrasound diagnostic apparatus according to claim 6, wherein
the similarity calculation section calculates the similarity value by performing cross correlation operation between
two manual tracing lines (66) forming each pair of adjacent manual tracing lines (66).

The ultrasound diagnostic apparatus according to claim 6, wherein

the additional representative cross section setting section adds the one or plurality of additional representative cross
sections (58, 60) between a pair of adjacent representative cross sections (58, 60) for which the similarity value
satisfies a predetermined addition condition.

The ultrasound diagnostic apparatus according to claim 8, wherein
the additional representative cross section setting section determines the number of additional representative cross
sections (58, 60) to be added in accordance with the similarity value.

A volume data processing method, comprising:

storing volume data acquired by performing transmission and reception of ultrasound with respect to a three-
dimensional space including an object tissue;

receiving a plurality of manual tracing operations with respect to a plurality of representative cross sections (58,
60) which are set with regard to the object tissue;

performing correction processing by determining whether or not position correction can be performed, based
on an actual tissue outline (42C), with regard to each point on each manual tracing line (66) formed on each of
the representative cross sections (58, 60) and each point on each interpolation tracing line (74) formed on each
of non-representative cross sections (58, 60) which are set with regard to the object tissue and correction a
position of a point which is determined to be correctable and maintaining a position of another point, which is
determined to be not correctable;

wherein an edge detection processing is applied to each point on the manual tracing line with respect to its
peripheral portion and if an edge is detected it is determined that an correction can be performed and if no edge
is detected it is determined that no correction can be performed

wherein the manual tracing lines are the result of a manual tracing operation and the interpolating tracing lines are
the result of a interpolation tracing operation; and

extracting the object tissue or calculating a volume of the object tissue based on a row of a plurality of interpolation
tracing lines (74) and a plurality of manual tracing lines (66) to which the correction processing has been applied.

The volume data processing method according to claim 10, wherein

when one or a plurality of additional representative cross sections (58, 60) are set in addition to the plurality of
representative cross sections (58, 60), receiving one or a plurality of manual tracing operations with respect to the
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one or a plurality of additional representative cross sections (58, 60); and
wherein the correction processing is also determined based on each manual tracing line (66) formed on each of the
additional representative cross sections (58, 60).

Patentanspriiche

Ultraschalldiagnosegerat mit:

einer Sektion zur Datenerfassung, die bezlglich eines dreidimensionalen Raums, der ein Objektgewebe auf-
weist, Senden und Empfangen von Ultraschall durchfiihrt, um Volumendaten zu erfassen;

einer Sektion zur Verarbeitung eines reprasentativen Querschnitts, die, wenn eine Vielzahl manueller Nach-
verfolgungslinien (66) auf einer Vielzahl représentativer Querschnitte (58, 60) gebildet ist, die hinsichtlich des
Objektgewebes festgelegt werden, eine erste Korrekturverarbeitung auf jede manuelle Nachverfolgungslinie
(66) anwendet;

einer Sektion zur Verarbeitung eines nicht reprasentativen Querschnitts, die durch Interpolationsverarbeitung,
basierend auf einer Vielzahl manueller Nachverfolgungslinien (66), auf welche die erste Korrekturverarbeitung
angewendet worden ist, eine Vielzahl von Interpolationsnachverfolgungslinien (74) auf einer Vielzahl nicht
reprasentativer Querschnitte (58, 60) bildet, die hinsichtlich des Objektgewebes festgelegt werden, und eine
zweite Korrekturverarbeitung auf jede Interpolationsnachverfolgungslinie (74) anwendet; und

einer Einheit, die Objektgewebedaten aus den Volumendaten entnimmt oder ein Volumen des Objekigewebes
berechnet, basierend auf Reihen von Nachverfolgungslinien, die aus einer Vielzahl manueller Nachverfolgungs-
linien (66), auf welche die erste Korrekturverarbeitung angewendet worden ist, und einer Vielzahl von Interpo-
lationsnachverfolgungslinien (74), auf welche die zweite Korrekturverarbeitung angewendet worden ist, gebildet
werden,

dadurch gekennzeichnet, dass
die erste Korrekturverarbeitung eine Teilkorrekturverarbeitung aufweist, in der ein Bereich von jeder manuellen
Nachverfolgungslinie (66), basierend auf einer tatsachlichen Gewebekontur (42C), korrigiert wird und ein anderer
Bereich der manuellen Nachverfolgungslinie (66) beibehalten wird, wobei die Sektion zur Verarbeitung eines repra-
sentativen Querschnitts aufweist:

eine Auswahlsektion, welche die Vielzahl reprasentativer Querschnitte (58, 60) von einer Reihe von Querschnit-
ten auswahlt, die bezliglich des Objektgewebes festgelegt sind;

eine Einheit, die eine Nachverfolgungseingabe von einem Anwender beziiglich jedes reprasentativen Quer-
schnitts (58, 60), der ausgewahlt ist, empfangt; und

eine Sektion zur ersten Korrekturverarbeitung, die fir die erste Korrekturverarbeitung bestimmt, ob eine Kor-
rektur fir jeden Punkt auf jeder manuellen Nachverfolgungslinie (66) angewendet werden kann oder nicht und
eine Position von einem Punkt korrigiert, der basierend auf einer tatsédchlichen Gewebekontur (42C) bestimmt
wird, korrigierbar zu sein;

wobei die Sektion zur ersten Korrekturverarbeitung durch Festlegen einer Querlinie bezlglich jedes Punkts und
Durchfiihren von Kantenerkennung auf der Querlinie bestimmt ob eine Korrektur durchgefiihrt werden kann oder
nicht, wobei wenn einen Kante erkannt wird, es bestimmt wird, dass eine Korrektur durchgefiihrt werden kann, und
wenn keine Kante erkannt wird, es bestimmt wird, dass keine Korrektur durchgefiihrt werden kann.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Sektion zur Verarbeitung eines nicht reprasentativen Querschnitts aufweist:

eine Einheit, die eine Interpolationsnachverfolgungslinie (74) auf jedem nicht reprasentativen Querschnitt (58,
60) durch Interpolationsverarbeitung basierend auf einer Vielzahl manueller Nachverfolgungslinien (66), auf
welche die erste Korrekturverarbeitung angewendet worden ist, bildet; und

eine Sektion zur zweiten Korrekturverarbeitung, die fiir die zweite Korrekturverarbeitung bestimmt, ob eine
Korrektur fiir jeden Punkt aufjeder Interpolationsnachverfolgungslinie (74) durchgefiihrt werden kann oder nicht,
und eine Position eines Punkts korrigiert, der als korrigierbar, basierend auf einer tatsédchlichen Gewebekontur
(42C), bestimmt worden ist.

3. Ultraschalldiagnosegerat nach Anspruch 2, wobei
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die Sektion zur zweiten Korrekturverarbeitung durch Festlegen einer Querlinie hinsichtlich jeden Punkts und Durch-
fihren von Kantenerkennung auf der Querlinie bestimmt, ob eine Korrektur durchgefihrt werden kann oder nicht.

Ultraschalldiagnosegerat nach Anspruch 1, das aufweist:

eine Einheit, die ein Ziel einer Basislinie (54) empfangt, die sich durch das Objektgewebe erstreckt; und
eine Einheit, die eine Reihe von Querschnitten (58, 60) festlegt, die in einer Richtung der Basislinie (54) ange-
ordnet sind und die orthogonal zu der Basislinie (54) sind, wobei

die Vielzahl reprasentativer Querschnitte (58, 60) und die Vielzahl nicht reprasentativer Querschnitte (58, 60) aus
der Reihe von Querschnitten (58, 60) bestimmt werden.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
das Objektgewebe ein Gewebe in einem Uterus (43) ist.

Ultraschalldiagnosegerat nach Anspruch 1, ferner aufweisend:

eine Sektion zur Ahnlichkeitsberechnung, die einen Ahnlichkeitswert fiir jedes Paar benachbarter manueller
Nachverfolgungslinien (66) in einer Vielzahl manueller Nachverfolgungslinien (66) vor oder nach der ersten
Korrekturverarbeitung berechnet; und

eine Sektion zur Festlegung eines zusatzlichen reprasentativen Querschnitts, die einen oder eine Vielzahl
zusatzlicher reprasentativer Querschnitte (58, 60) zusatzlich zur Vielzahl reprasentativer Querschnitte (58, 60),
basierend auf dem Ahnlichkeitswert fiir jedes Paar benachbarter manueller Nachverfolgungslinien (66) hinzu-
fugt; und

eine Sektion zur Verarbeitung eines zusatzlichen reprasentativen Querschnitts, welche die erste Korrekturver-
arbeitung auf eine oder eine Vielzahl manueller Nachverfolgungslinien (66) anwendet, die auf dem einen oder
der Vielzahl zusatzlicher repréasentativer Querschnitte (58, 60) gebildet sind.

Ultraschalldiagnosegerat nach Anspruch 6, wobei

die Sektion zur Ahnlichkeitsberechnung den Ahnlichkeitswert durch Anwenden einer Kreuzkorrelationsfunktion auf
zwei manuelle Nachverfolgungslinien (66) berechnet, die jedes Paar benachbarter manueller Nachverfolgungslinien
(66) bilden.

Ultraschalldiagnosegerat nach Anspruch 6, wobei

die Sektion zur Festlegung eines zusétzlichen reprasentativen Querschnitts den einen oder die Vielzahl zuséatzlicher
reprasentativer Querschnitte (58, 60) zwischen einem Paar benachbarter reprasentativer Querschnitte (58, 60), fur
die der Ahnlichkeitswert eine vorbestimmt Zusatzbedingung erflillt, hinzufiigt.

Ultraschalldiagnosegerat nach Anspruch 8, wobei
die Sektion zur Festlegung eines zusatzlichen reprasentativen Querschnitts die Anzahl zuséatzlicher représentativer
Querschnitte (58, 60), die gemaR dem Ahnlichkeitswert hinzugefiigt werden sollen, festlegt.

10. Verfahren zur Verarbeitung von Volumendaten mit:

Speichern von Volumendaten, die durch Senden und Empfangen von Ultraschall beziiglich eines dreidimensi-
onalen Raums, der ein Objektgewebe aufweist, erfasst werden;

Empfangen einer Vielzahl manueller Nachverfolgungsvorgange beziglich einer Vielzahl représentativer Quer-
schnitte (58, 60), die hinsichtlich des Objektgewebes festgelegt werden;

Durchfiihren von Korrekturverarbeitung durch Bestimmen ob Positionskorrektur durchgefiihrt werden kann oder
nicht, basierend auf einer tatsdchlichen Gewebekontur (42C), bezlglich jedes Punkts auf jeder manuellen
Nachverfolgungslinie (66) die auf jedem der reprasentativen Querschnitte (58, 60) gebildet ist und jedes Punkts
auf jeder Interpolationsnachverfolgungslinie (74), die auf jedem der nicht reprasentativen Querschnitte (58, 60)
gebildet ist, die bezliglich des Objektgewebes festgelegt wurden, und Korrektur einer Position eines Punkts,
der als korrigierbar festgelegt wird und Beibehalten einer Position eines anderen Punkts, der als nicht korrigierbar
bestimmt wird;

wobei eine Kantenerkennungsverarbeitung auf jeden Punkt auf der manuellen Nachverfolgungslinie bezuglich ihres
peripheren Bereichs angewendet wird und wenn eine Kante erkannt wird, es bestimmt wird, dass eine Korrektur
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durchgeflihrt werden kann und wenn keine Kante erkannt wird, es bestimmt wird, dass keine Korrektur durchgefihrt
werden kann,

wobei die manuellen Nachverfolgungslinien das Ergebnis eines manuellen Nachverfolgungsvorgangs und die Inter-
polationsnachverfolgungslinien das Ergebnis eines Interpolationsnachverfolgungsvorgangs sind; und

Extrahieren des Objekigewebes oder Berechnen eines Volumens des Objekigewebes basierend auf einer Reihe
einer Vielzahl von Interpolationsnachverfolgungslinien (74) und einer Vielzahl manueller Nachverfolgungslinien (66)
auf welche die Korrekturverarbeitung angewendet worden ist.

Verfahren zur Verarbeitung von Volumendaten nach Anspruch 10, wobei

wenn einer oder eine Vielzahl zuséatzlicher reprasentativer Querschnitte (58, 60) zusatzlich zur Vielzahl reprasen-
tativer Querschnitte (58, 60) festgelegt wird, eines oder eine Vielzahl manueller Nachverfolgungsvorgéange beziiglich
des einen oder einer Vielzahl zusétzlicher reprasentativer Querschnitte (58, 60) empfangen werden; und

wobei die Korrekturverarbeitung auch basierend auf jeder manuellen Nachverfolgungslinie (66) bestimmt wird, die
auf jedem der zusétzlichen reprasentativen Querschnitte (58, 60) gebildet ist.

Revendications

1.

Un appareil de diagnostic a ultrasons comprenant:

une section d’acquisition de données qui effectue la transmission et la réception d’'ultrasons par rapport a un
espace tridimensionnel comprenant un tissu objet pour acquérir des données sur le volume;

une section de traitement de section transversale représentative qui, lorsqu’une pluralité de lignes de tracage
manuel (66) est formée sur une pluralité de sections transversales représentatives (58, 60) qui sont réglées
par rapport au tissu objet, applique un premier traitement correctif a chaque ligne de tragage manuel (66);
une section de traitement de section transversale non représentative qui forme, par le biais d’'un traitement
d’interpolation sur la base d’une pluralité de lignes de tragage manuel (66) a laquelle le premier traitement
correctif a été appliqué, une pluralité de lignes de tragage d’interpolation (74) sur une pluralité de sections
transversales non représentatives (58, 60) qui sontréglées par rapport au tissu objet et qui applique un deuxieme
traitement correctif a chaque ligne de tragage d’interpolation (74); et

une unité qui extrait des données de tissu objet a partir de données sur le volume ou calcule un volume du tissu
objet sur la base de rangées de lignes de tragage formées d’une pluralité de lignes de tragage manuel (66) a
laquelle le premier traitement correctif a été appliqué et d’'une pluralité de lignes de tragage d’interpolation (74)
a laquelle le deuxieme traitement correctif a été appliqué

caractérisé en ce que

le premier traitement correctif comprend un traitement correctif partiel dans lequel une partie de chaque ligne de
tracage manuel (66) est corrigée sur la base d’un contour de tissu effectif (42C) et une autre partie de la ligne de
tracage manuel (66) est maintenue,

la section de traitement de section transversale représentative comprend:

une section de sélection qui sélectionne la pluralité de sections transversales représentatives (58, 60) a partir
d’'un ensemble de sections transversales qui est réglé par rapport au tissu objet;

une unité qui recoit une entrée de tragage d’un utilisateur par rapport a chaque section transversale représen-
tative (58, 60) qui est sélectionnée; et

une section de premier traitement correctif qui détermine, pour le premier traitement correctif, si une correction
peut étre ou non appliquée a chaque point sur chaque ligne de tragcage manuel (66) et corrige une position sur
un point qui est déterminé pour étre corrigeable sur la base d’'un contour de tissu effectif (42C),

tandis que la section de premier traitement correctif détermine si une correction peut étre ou non effectuée en réglant
une ligne transversale par rapport a chaque point et en effectuant une détection de bord sur la ligne transversale,
tandis que si un bord est détecté, il est déterminé qu’une correction peut étre effectuée et que si aucun bord n’est
détecté, il est déterminé qu’aucune correction ne peut étre effectuée.

L’appareil de diagnostic a ultrasons selon la revendication 1, tandis que la section de traitement de section trans-
versale non représentative comprend:

une unité qui forme une ligne de tragage d’interpolation (74) sur chaque section transversale non représentative
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(58, 60) par un traitement d’interpolation sur la base d’'une pluralité de lignes de tragage manuel (66) a laquelle
le premier traitement correctif a été appliqué; et

une section de deuxiéme traitement correctif qui, pour le deuxiéme traitement correctif, détermine si une cor-
rection peut ou non étre effectuée pour chaque point de chaque ligne de tragage d’interpolation (74) et corrige
une position d’un point qui est déterminé pour étre corrigeable sur la base d’un contour de tissu effectif (42C).

L’appareil de diagnostic a ultrasons selon la revendication 2, tandis que la section de deuxieme traitement correctif
détermine si une correction peut ou non étre effectuée en réglant une ligne transversale par rapport a chaque point
et en effectuant une détection de bord sur la ligne transversale.

L’appareil de diagnostic a ultrasons selon la revendication 1, comprenant:

une unité qui recoit la désignation d’'une ligne de base (54) s’étendant au travers du tissu objet; et

une unité qui place un ensemble de sections transversales (58, 60) qui sont agencées dans une direction de
la ligne de base (54) et qui sont perpendiculaires a la ligne de base (54), tandis que

la pluralité de sections transversales représentatives (58, 60) et la pluralité de sections transversales non
représentatives (58, 60) sont déterminées a partir de I'ensemble de sections transversales (58, 60).

L’appareil de diagnostic a ultrasons selon la revendication 1, tandis que le tissu objet et un tissu a 'intérieur d’utérus
(43).

L’appareil de diagnostic a ultrasons selon la revendication 1, comprenant également:

une section de calcul de similarité qui calcule une valeur de similarité pour chaque paire de lignes de tracage
manuel adjacentes (66) dans une pluralité de lignes de tragage manuel (66) avant ou apres le premier traitement
correctif;

une section plagant une section transversale représentative additionnelle qui ajoute une ou une pluralité de
sections transversales représentatives (58, 60) en plus de la pluralité de sections transversales représentatives
(58, 60) sur la base de la valeur de similarité pour chaque paire de lignes de tragage manuel adjacentes (66); et
une section de traitement de section transversale représentative additionnelle qui applique le premier traitement
correctif a une ou une pluralité de lignes de tragage manuel (66) formée sur une ou une pluralité de sections
transversales représentatives additionnelles (58, 60).

L’appareil de diagnostic a ultrasons selon la revendication 6, tandis que la section de calcul de similarité calcule la
valeur de similarité en effectuant une opération d’intercorrélation entre deux lignes de tragage manuel (66) formant
chaque paire de lignes de tragage manuel adjacentes (66).

L’appareil de diagnostic a ultrasons selon la revendication 6, tandis que la section réglant la section transversale
représentative additionnelle ajoute la une ou pluralité de sections transversales représentatives additionnelles (58,
60) entre une paire de sections transversales représentatives adjacentes (58, 60) pour laquelle la valeur de similarité
remplit une condition supplémentaire prédéterminée.

L’appareil de diagnostic a ultrasons selon la revendication 8, tandis que la section réglant la section transversale
représentative additionnelle détermine le nombre de sections transversales représentatives additionnelles (58, 60)
a ajouter conformément a la valeur de similarité.

10. Une méthode de traitement de données sur le volume comprenant:

un stockage de données sur le volume acquises en effectuant une transmission et une réception d’ultrasons
par rapport a un espace tridimensionnel comprenant un tissu objet,

une réception d’'une pluralité d’'opérations de tragage manuel parrapport a une pluralité de sections transversales
représentatives (58, 60) qui sont réglées par rapport au tissu objet,

une réalisation d’un traitement correctif en déterminant si une correction de position peut ou non étre effectuée
sur la base d’un contour de tissu effectif (42C) par rapport a chaque point sur chaque ligne de tragcage manuel
(66) formée sur chacune des sections transversales représentatives (58, 60) et chaque point sur chaque ligne
de tracage d’interpolation (74) formée sur chacune des sections transversales non représentatives (58, 60) qui
sont réglées par rapport au tissu objet et la correction d’une position d’un point qui est déterminé pour étre
corrigeable et le maintien d’une position d’'un autre point, qui est déterminé pour ne pas étre corrigeable,
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tandis qu’un traitement de détection de bord est appliqué a chaque point sur la ligne de tragage manuel par rapport
a sa partie périphérique et si un bord est détecté, il est déterminé qu’une correction peut étre effectuée, et si aucun
bord n’est détecté, il est déterminé qu’aucune correction ne peut étre effectuée tandis que les lignes de tracage
manuel sont le résultat d’'une opération de tragage manuel et les lignes de tracage d’interpolation sont le résultat
d’'une opération de tragage d’interpolation; et

une extraction du tissu objet ou un calcul d’un volume du tissu objet sur la base d’'une

rangée d’une pluralité de lignes de tragage d’interpolation (74) et d’'une pluralité de lignes de tragage manuel (66)
a laquelle le traitement correctif a été appliqué.

La méthode de traitement de données sur le volume selon la revendication 10, tandis que

lorsqu’une ou une pluralité de sections transversales représentatives additionnelles (58, 60) sont réglées en plus
de la pluralité de sections transversales représentatives (58, 60) recevant une ou une pluralité d’opérations de
tracage manuel par rapport a une ou a une pluralité de sections transversales représentatives additionnelles (58,
60), et

tandis que le traitement de correction est également déterminé sur la base de chaque ligne de tragage manuel (66)
formée sur chacune des sections transversales représentatives additionnelles (58, 60).
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