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(57) ABSTRACT

An ultrasound diagnosis system, a medical image display
apparatus and displaying method that simultaneously
acquires virtual endoscopy image data and multi-planar-re-
construction (MPR) image data of a diagnosing target region
based on the volume data acquired from an object. Virtual
endoscopy image data is generated by setting up a viewing
point and a viewing direction on a volume data acquired from
the object. A marker is provided on a target region of a lumen
organ shown in the virtual endoscopy image data for setting
up an observing direction. A reference line started from the
volume data is set up along an observing direction. By com-
paring a voxel value of the volume data that is crossing to the
reference line with a prescribed threshold value, a reference
point where a surface of the diagnosing target region crosses
the reference line is set up to the volume data. MPR image
data is generated by extracting each voxel of the volume data
corresponded to each of three MPR cross-sectional planes
that are mutually orthogonally crossing at the reference point
and displayed with the virtual endoscopy image data.
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ULTRASOUND DIAGNOSIS APPARATUS,
MEDICAL IMAGE DISPLAY APPARATUS
AND MEDICAL IMAGE DISPLAYING
METHOD

[0001] This application claims priority under 35 U.S.C.
§119(a) from, and the benefit of, Japanese Patent Application
No. 2009-11177, filed on Jan. 21, 2009, the contents of which
are expressly incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nosis apparatus, a medical image display apparatus and a
medical image displaying method, and more particularly, to
an ultrasound diagnosis apparatus, a medical image display
apparatus and a medical image displaying method that can
generate and display virtual endoscopy (fly-through) image
databased onthree dimensional (3D) image data (hereinafter,
“volume data”) acquired by performing 3D scans over a target
organ in an object.

[0004] 2. Background of the Invention

[0005] An ultrasound diagnosis apparatus transmits and
receives ultrasound through a plurality of ultrasound trans-
ducers installed in a tip portion of an ultrasound probe to and
from adiagnosing target region in an object. By simply touch-
ing an ultrasound probe to a patient’s body surface, image
data of the target region is generated. The generated image
data can be displayed on a monitor in real time. An ultrasound
diagnosis apparatus is widely used as an apparatus for diag-
nosing the status of various target organs in a patient’s body.
[0006] Volume data can be acquired by moving one dimen-
sion (1D) array transducers in a direction orthogonal to a
direction of the array or by using a two-dimensional (2D)-
array ultrasound probe. The 2D array ultrasound probe
includes a plurality of transducers arranged both in azimuth
and the elevation directions. Recently, it has become possible
to improve operability of an ultrasound examination by gen-
erating 3D image data and multi-planar reconstruction image
data (hereinafter, “MPR image data”) by using the volume
data acquired in 3D scans over a target organ in an object.
[0007] Further, it has recently been proposed to set a virtual
viewing point of an observer in a follow organ of the volume
data acquired by performing 3D scans on an object in order to
examine an inner surface of the follow organ, such as a blood
vessel, observed from the viewing point as a virtual endos-
copy (“fly-through”) image data (For example, see Japanese
Patent Application Publication 2005-110973).

[0008] According the proposed method, it becomes pos-
sible to generate endoscopy image data based on volume data
acquired from outside of an object without inserting an endo-
scope into a body of the object. Consequently, the virtual
endoscopy (“fly-through”) image data can significantly
reduce invasive danger to the object during examination. Fur-
ther, since it becomes possible to freely set a viewing point or
a viewing direction to a follow (lumen) organ such as an
alimentary canal or a blood vessel, the proposed method can
safely perform examinations of thin follow organs in a high
accuracy.

[0009] However, according to the proposed method, it has
become possible to observe only surface status of the lumen
organ by using endoscopy image data acquired through an
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endoscope. Thus, it has been impossible for the proposed
method to examine internal tissue status of a target follow
organ. Thus, the conventional fly-through method can not
accurately grasp infiltration degrees or invasion degrees of an
internal status of'a diagnosing target wall of a lumen organ. To
accurately grasp infiltration degrees or invasion degrees of an
internal status of a diagnosing target wall of a lumen organ is
very important for a disease stage examination of a malignant
tumor.

SUMMARY OF THE INVENTION

[0010] The present invention addresses the above-men-
tioned and other problems and drawbacks, in order to provide
anovel ultrasound diagnosis apparatus, a medical image dis-
play apparatus and a medical image displaying method that
can simultaneously acquire virtual endoscopy image data and
multi-planar-reconstruction (MPR) image data of a diagnos-
ing target region based on volume data acquired from an
object.

[0011] One aspect of the ultrasound diagnosis system con-
sistent with the present invention is an ultrasound diagnosis
apparatus configured to generate virtual endoscopy image
data based on volume data acquired through 3D scans over a
diagnosing target region in an object, the ultrasound diagno-
sis apparatus comprising:

[0012] a viewing point/direction setting unit configured to
set a viewing point and a viewing direction to the volume
data;

[0013] avirtual endoscopy image data generating unit con-
figured to generate virtual endoscopy image data by process-
ing the volume data based on the viewing point and the
viewing direction;

[0014] a reference point setting unit configured to set a
reference point on the diagnosing target region of the volume
data based on the virtual endoscopy image data;

[0015] a multi-planar-reconstruction (MPR) plane setting
unit configured to set at least one MPR cross-sectional plane
to the volume data based on the reference point;

[0016] an MPR image data generating unit configured to
generate MPR image data based on the volume data on the
MPR cross-sectional plane; and

[0017] a display unit configured to display both the virtual
endoscopy image data and the MPR image data.

[0018] Another aspect of the present invention is a medical
image display apparatus configured to generate and display
virtual endoscopy image data based on volume data acquired
through 3D scans by using a medical image diagnosis appa-
ratus, the medical image display apparatus comprising:

[0019] a volume data storing unit configured to store the
volume data;
[0020] a viewing point/direction setting unit configured to

set a viewing point and a viewing direction to the volume
data;

[0021] avirtual endoscopy image data generating unit con-
figured to generate virtual endoscopy image data by process-
ing the volume data based on the viewing point and the
viewing direction;

[0022] a reference point setting unit configured to set a
reference point on the diagnosing target region of the volume
data based on the virtual endoscopy image data;

[0023] a multi-planar-reconstruction (MPR) plane setting
unit configured to set at least one MPR cross-sectional plane
to the volume data based on the reference point;
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[0024] an MPR image data generating unit configured to
generate MPR image data by extracting a voxel value of the
volume data on the MPR cross-sectional plane; and

[0025] adisplay unit configured to display both the virtual
endoscopy image data and the MPR image data.

[0026] A further aspect of the present invention is a medical
image displaying method configured to generate and display
virtual endoscopy image data based on volume data acquired
through 3D scans by using a medical image diagnosis appa-
ratus, the medical image displaying method comprising:
[0027] storing the volume data;

[0028] setting a viewing point and a viewing direction to
the volume data;

[0029] generating virtual endoscopy image data by pro-
cessing the volume data based on the viewing point and the
viewing direction;

[0030] setting a reference point on the diagnosing target
region of the volume data based on the virtual endoscopy
image data;

[0031] setting at least one MPR cross-sectional plane to the
volume data based on the reference point;

[0032] generating MPR image data by extracting voxels of
the volume data on the MPR cross-sectional plane; and
[0033] displaying both the virtual endoscopy image data
and the MPR image data.

[0034] According to the present invention, it becomes pos-
sible to set a diagnosis target position on a virtual endoscopy
image based on the volume data and to display MPR image
included the diagnosis target position. Consequently, it
becomes possible to significantly increase diagnosis accuracy
and diagnosis efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
various embodiments and/or features of embodiments of the
present invention, and together with the description, serve to
explain embodiments of the present invention. Where pos-
sible, the same reference number will be used throughout the
drawings to describe the same or like parts. In the drawings:
[0036] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus in accordance with a preferred embodi-
ment of the present invention.

[0037] FIG. 2 is a block diagram illustrating the transmis-
sion and reception unit, and the receiving signal processing
unit in the ultrasound diagnosis apparatus shown in FIG. 1.
[0038] FIG. 3A illustrates the direction of ultrasound trans-
mission and reception in a 3D (volume) scan by 2D array
transducers provided in an ultrasound probe.

[0039] FIG. 3Billustrates the direction of ultrasound trans-
mission and reception projected on the x-z plane in the vol-
ume scan shown in FIG. 3A.

[0040] FIG. 3Cillustrates the direction of ultrasound trans-
mission and reception projected on the y-z plane in the vol-
ume scan shown in FIG. 3A.

[0041] FIG. 4 is a block diagram illustrating the volume
data generating unit in the ultrasound diagnosis apparatus
shown in FIG. 1.

[0042] FIG. 5illustrates a volume data generating region in
an embodiment consistent with the present invention.
[0043] FIG. 6 illustrates a marker provided on a diagnosing
target region of a virtual endoscopy image data according to
a preferred embodiment consistent with the present inven-
tion.
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[0044] FIG. 7 illustrates a reference line set on a volume
data of a preferred embodiment consistent with the present
invention and a reference point where the reference line is
crossing on an inner surface of a diagnosing target region of
a follow organ.

[0045] FIG. 8 illustrates an MPR cross-sectional plane set
by the MPR cross-sectional plane setting unit in the preferred
embodiment consistent with the present invention.

[0046] FIG. 9A illustrates an MPR image data Ima of a
diagnosing target region of a blood vessel generated on the
MPR cross-sectional plane Pma shown in FIG. 8.

[0047] FIG. 9B illustrates the MPR image data Imb of the
blood vessel generated on the MPR cross-sectional plane
Pmb shown in FIG. 8.

[0048] FIG. 9C illustrates the MPR image data Imc of a
cross-sectional view of the blood vessel on the MPR cross-
sectional plane Pmc shown in FIG. 8 generated along a nor-
mal line to a surface of the from the reference point Cp shown
in FIG. 9B.

[0049] FIG. 9D illustrates the displayed virtual endoscopy
image data lye of the blood vessel.

[0050] FIG. 10A illustrates the MPR image data Ima of a
target region of a blood vessel generated on the MPR cross-
sectional plane Pma of.

[0051] FIG. 10B illustrates the cavity image data Icy of a
blood vessel.

[0052] FIG. 10C illustrates a cross-sectional view Imc of
the blood vessel generated on the MPR Pmc along a normal
line to the surface of the blood vessel from the reference point
Cp in the cavity image shown in FIG. 10B.

[0053] FIG. 10D illustrates the virtual endoscopy image
data lye of the blood vessel.

[0054] FIG. 11 is a flowchart illustrating an embodiment of
a medical image displaying method consistent with the
present invention.

[0055] FIG. 12 is a block diagram illustrating the medical
image display apparatus consistent with a preferred embodi-
ment according to the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0056] Firstly, an ultrasound diagnosis apparatus consistent
with the present invention generates virtual endoscopy image
data by setting a viewing point and a viewing direction (i.c., a
central direction of a viewing scope). By providing a marker
onadiagnosing target region of a follow organ (e.g., a malady
portion such as a tumor) displayed in the virtual endoscopy
image data. Then, a reference line is set to the observing
direction of the volume data used for the generation of the
virtual endoscopy image data as an starting point from the
viewing point. By comparing a voxel value of volume data
crossing with the reference line and a prescribed threshold
value for a voxel detection, a reference point is set to the
volume data at a point where a surface of a diagnosing target
region displayed by the virtual endoscopy image data crosses
the reference line. By extracting the voxel of the volume data
corresponding to at least one orthogonally crossing MPR
plane that crosses at the reference point, at least one MPR
image data is generated and displayed together with the vir-
tual endoscopy image data.

[0057] In the following description of the embodiments
consistent with the present invention, it is supposed that vol-
ume data is generated based on 3D B-mode data acquired
through 2D (i.e., an azimuth direction and an elevation direc-
tion) array ultrasound probes, and a plurality of MPR image
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data is generated by extracting each voxel of the volume data
corresponding to mutually orthogonal three MPR cross-sec-
tional planes. Each of the MPR image data is displayed
together with the virtual endoscopy image data. virtual endo-
scopy image data and MPR image data are generated by using
the volume data. Of course, the volume data can be generated
by mechanically moving 1D array ultrasound probes. It is
further possible to generate the volume data based on another
ultrasound data, such as color Doppler data.

[0058] FIG.1is ablock diagram of an ultrasound diagnosis
system 100 in accordance with a preferred embodiment of the
present invention. The ultrasound diagnosis system 100
includes a transmission/reception unit 2, a 2-D ultrasound
probe 3, a receiving signal processing unit 4 and a volume
data generating unit 5. The transmission/reception unit 2 sup-
plies driving signals to a plurality of selected transducers in
the ultrasound probe 3 for transmitting ultrasound pulses onto
an object along prescribed directions. Further, the transmis-
sion/reception unit 2 performs phase compensation and sum-
mation of the plurality channel of receiving signals acquired
through the selected transducers. Thus, the 2-D ultrasound
probe 3 transmits ultrasound pulses (transmission ultra-
sound) over a diagnosis target region inan object and converts
ultrasound echo signals into electric signals (receiving sig-
nals). The receiving signal processing unit 4 generates ultra-
sound data (B mode data) by processing the receiving signals
after arranging in phases and adding. The volume data gen-
erating unit 5 generates volume data by arranging the B mode
data acquired through 3D scan on an object so as to corre-
spond with the transmission and reception directions of ultra-
sounds.

[0059] The ultrasound diagnosis system 100 further
includes a virtual endoscopy image data generating unit 6, a
cavity image data generating unit 7, a reference point setting
unit 8, an MPR cross-sectional plane setting unit 9 and an
MPR image data generating unit 10. The virtual endoscopy
image data generating unit 6 generates virtual endoscopy
image data by performing a rendering process of volume data
based on a viewing point and viewing direction data set
through an input unit 12. The cavity image data generating
unit 7 generates image data for displaying an inner side of a
lumen organ, such as a blood vessel by performing inversion
processes of the voxel values. Hereinafter, the inverted image
data is referred to as “cavity image data”. The reference point
setting unit 8 sets a reference point on a diagnosing target
region of the volume data based on position data of a marker
supplied from the input unit 12. The MPR cross-sectional
plane setting unit 9 sets three MPR cross-sectional planes that
are mutually orthogonally crossing at the reference point.
Further, the MPR cross-sectional plane setting unit 9 renews
positions and directions of the MPR cross-sectional plane
based on renewal instruction signals supplied from the input
unit 12. The MPR image data generating unit 10 generates
MPR image data by extracting each voxel of the volume data
corresponded to the MPR cross-sectional planes.

[0060] The ultrasound diagnosis apparatus 100, as illus-
trated in FIG. 1, further includes a display unit 11, an input
unit 12, a scan control unit 13 and a system control unit 14.
The display unit 11 displays virtual endoscopy image data,
cavity image data and MPR image data. The input unit 12 sets
a viewing point and a viewing direction to the volume data.
The input unit 12 further provides a marker to a diagnosing
target region of the virtual endoscopy image data and per-
forms a renewal of the MPR cross-sectional plane. The input
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unit 12 farther inputs various command signals. The scan
control unit 13 controls ultrasound transmissions and recep-
tions to 3D region of an object. The system control unit 14
totally controls each unit in the ultrasound diagnosis appara-
tus 100.

[0061] The ultrasound probe 3 includes a plurality (M) of
2D arrayed transducers (not shown) in a tip portion of the
probe for transmitting ultrasound pulses (transmission ultra-
sound) over a 3D volume of a diagnosis object portion in an
object. Ultrasound transmission and reception are performed
by touching the tip portion of the probe to a body surface of an
object. Thus, the plurality (M) of transducers is coupled to the
transmission/reception unit 2 through a plurality channels
(M) of a multi-core cable (not shown). In this embodiment,
2D array sector scanning ultrasound probe 3 is used for scan-
ning ultrasound. Of course, it is possible to use another type of
ultrasound probe, such as a linear scanning type ultrasound
probe or a convex scan type ultrasound probe.

[0062] FIG. 2 is a block diagram illustrating the transmis-
sion and reception unit 2 which includes a transmission unit
21 for driving a plurality (Mt) of transmission signals to the
selected plurality (Mt) of transmitting transducers in the
ultrasound probe 3 and a reception unit 22 for converting a
plurality (Mr) of ultrasound echo signals supplied from the
selected plurality (Mr) of receiving transducers. The trans-
mission unit 21 includes a rate pulse generator 211, a trans-
mission delay circuit 212 and a driving circuit 213. The rate
pulse generator 211 generates rate pulses which determine a
recycle period for transmission ultrasound. The generated
rate pulses are supplied to the transmission delay circuit 212.

[0063] The transmission delay circuit 212 includes a plu-
rality of independent delay circuits of the same number M of
2D array transducers as used for transmission in order to drive
a selected number Mt among the plurality number (M) of
transducers. The transmission delay circuit 212 gives a con-
vergence delay time for converging the transmission ultra-
sound into a prescribed depth and a deviation delay time for
transmitting ultrasound in a prescribed direction (6xp, 6yq) to
the rate pulses and supplies to the driving circuit 213. The
driving circuit 213 drives the selected number Mt (Mt is equal
or smaller than M) of transducers for transmitting ultrasound
based on the rate pulses.

[0064] The reception unit 22 includes a plurality of A/D
converters 221 corresponding to a plurality (Mr) of the
selected receiving transducers, a plurality of reception delay
circuits 222 for selected reception channels and a summation
circuit 223 of 1 channel.

[0065] The reception delay circuit 222 gives each of the
reception signals of Mr outputted from the A/D converter 221
aconvergence delay time for converging reception ultrasound
from a prescribed depth and a deviation delay time for setting
reception directivity to a predetermined direction (6xp, 8yq).
The reception signals acquired from the prescribed direction
(Oxp, Byq) are added in the summation circuit 223. The delay
time of the reception delay circuit 222 is controlled by the
scan control unit 12.

[0066] It is possible for the reception unit 22 to simulta-
neously receive reception ultrasound beams from a plurality
of directions by controlling the reception delay circuit 222 of
Mr channels supplied from the transducers. By applying this
parallel simultaneously reception, it becomes possible to sig-
nificantly decrease the necessary time for performing a trig-
gered entire volume mode scan.
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[0067] FIG.3A illustrates an ultrasound probe 3 having 2D
array transducers Trs 31 and an ultrasound transmission/re-
ception position P (r, 8xp, 8yq). The ultrasound probe 3 has a
center axis (z-axis). The ultrasound transmission/reception
position P (r, 0xp, Oyq) locates at a distance r from a surface
of the transducers Trs in an x-axis (azimuth) direction and a
y-axis (elevation) direction. FIG. 3B illustrates a projected
position P on an x-z plane transmitting and receiving ultra-
sound at an angle 0xp in the x-axis (azimuth) direction from
the z-axis. FIG. 3C illustrates a projected position P on a y-z
plane transmitting and receiving ultrasound at an angle 8yq in
the y-axis (elevation) direction from the z-axis. The delay
time in the transmission delay circuit 212 in the transmission
unit 21 and the reception delay circuit 222 in the reception
unit 22 are controlled by the scan control signals supplied
from the scan control unit 13 in order to perform a volume
scanona3D region including a diagnosing target region of an
object.

[0068] In FIG. 2, the reception signals processing unit 4
generates B mode data by processing the reception signals
received from the reception unit 22. The reception signals
processing unit 4 includes an envelope detector 41 for detect-
ing the envelope of the reception signals supplied from the
summation circuit 223 in the reception unit 22 and a logarith-
mic converter 42 for generating B mode data by converting
the amplitude of the envelope detected reception signals. It is
possible to replace of the positions of the envelope detector 41
and the logarithmic converter 42.

[0069] FIG. 4 illustrates a construction of the volume data
generating unit 5 shown in FIG. 1. The volume data generat-
ing unit 5 includes an ultrasound data memory unit 51, an
interpolation processing unit 52 and a volume data memory
unit 53. However, it is possible to eliminate the interpolation
processing unit 52. The ultrasound data memory unit 51
stores a plurality of ultrasound data generated in the reception
signals processing unit 4 based on reception signals collected
by a3D scan on each of the plurality of 3D regions that are set
on adiagnosis object portion in an object with accompanying
of ultrasound transmission/reception directions. The interpo-
lation processing unit in the sub-volume data generating unit
6 forms 3D ultrasound data by arranging the plurality of B
mode data of 3D regions at a prescribed time phase that are
read out from the B mode data memory unit in accordance
with the transmission/reception directions (6xp,0yq). The
interpolation processing unit 52 further generates 3D ultra-
sound data (volume data) formed of equidistant distance vox-
els by interpolating unequal distance voxels constructing the
3D ultrasound data. As explained above, it is possible to
directly generate the volume data without performing inter-
polations. The acquired volume data are stored in the volume
data memory unit 53.

[0070] InFIG. 1, the virtual endoscopy image data gener-
ating unit 6 includes an arithmetic circuit and a memory
circuit (both not shown). In the memory circuit, an arithmetic
processing program is preliminarily stored for generating
virtual endoscopy image data by using volume data. The
arithmetic circuit reads volume data stored in the memory
circuit and the arithmetic processing program stored in the
memory unit 53 in the volume data generating unit 5 for
generating virtual endoscopy image data by performing a
rendering process based on viewing point data and viewing
direction data supplied from the input unit 12 through the
system control unit 14.
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[0071] FIG. 5 illustrates a volume data generating region
Rv generated in the volume data generating unit 5 and a
virtual endoscopy image data generating region Rf set in the
volume data generating region Rv. For instance, a viewing
point Ps and a viewing direction Ds are set in a lumen of a
follow organ volume data of an object generated in the vol-
ume data generating unit 5. The viewing direction Ds is
starting from the viewing point Ps. Further, a viewing scope
¢x'm along an x' direction and a viewing scope ¢y'm along a
y' direction are set centered on the viewing direction Ds. The
arithmetic circuit in the virtual endoscopy image data gener-
ating unit 6 extracts volume data of the virtual endoscopy
image data generating region Rf included in the viewing
scopes ¢x'm and ¢y'm set in the volume data generating
region Rv. The arithmetic circuit further generates virtual
endoscopy image data by performing a rendering process of
the acquired volume data based on the viewing point Ps and
viewing direction Ds.

[0072] Tt is possible to freely set the orthogonal crossing
coordinate system [x',y',2'] in the mutually orthogonal cross-
ing coordinate system [X, y, z] for forming the volume data
generating region Rv. In the coordinate system [x',y',z'], the
7'-axis is formed in the viewing direction Ds for forming
virtual endoscopy image data generating region Rf. It is also
possible to set the viewing point Ps and viewing direction Ds
under an observation of MPR image data generated by using
volume data of the volume data generating region Rv. By
successively renewing the position and direction of the view-
ing point Ps and viewing direction Ds provided to the volume
data and by observing each acquired virtual endoscopy image
data, it becomes possible to set a suitable viewing point Ps and
viewing direction Ds.

[0073] The cavity image data generating unit 7 (FIG. 1)
generates 3D cavity image data for displaying a lumen inside
of a thin follow organ that has extremely small amplitude of
ultrasound echo wave by performing a prescribed process of
volume data generated in the volume data generating unit 5.
Practically, an inversion process is performed for volume data
that is inverted magnitude relations of the voxel values.
[0074] InFIG. 1, the input unit 12 provides a marker to a
diagnosing target region of virtual endoscopy image data
displayed on the display unit 11. The reference point setting
unit 8§ receives via the system control unit 14 an observing
direction data provided to the marker for setting a reference
line in the observing direction of the volume data used for a
generation of virtual endoscopy image data. Thus, the refer-
ence line has a starting point at the viewing point.

[0075] By comparing between a voxel value of the volume
data thatis crossing the reference line and a prescribed thresh-
old value o of the voxel value, a reference point is set to the
volume data. Thus, an inner surface of diagnosing target
region of a follow organ displayed by the virtual endoscopy
image data and the reference line cross at the reference point.
In this case, the amplitude of ultrasound echo wave acquired
from the inner surface of the follow organs is usually larger
than amplitudes of ultrasound echo wave acquired from
another region. Accordingly, it becomes possible to set a
reference point that indicates a crossing point between the
reference line and the inner surface of the follow organ by
measuring voxel values of volume data existed along the
reference line.

[0076] FIG. 6illustrates a marker arranged on a diagnosing
target region of virtual endoscopy image data. Thus, the input
unit 12 arranges the marker Mk on a diagnosing target region
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(not shown) that is shown by the virtual endoscopy image data
generating region Rf (FIG. 5) a virtual endoscopy image data
lye of the virtual endoscopy image data generating region Rf
(FIG. 5) surrounded by the viewing scope ¢x'm along the x'
direction and the viewing scope ¢y'm along the y' direction
that are centered at the viewing direction Ds and shown along
the observing direction (¢px'o, py' 0) of the virtual endoscopy
image data lye. Pixels of virtual endoscopy image data lye at
a position (¢x', ¢y') are formed based on the voxels of the
volume data existed along the observing direction (¢x', dy').
An azimuth axis and an elevation axis of the pixel correspond
10 ¢x' and ¢y, respectively.

[0077] FIG. 7illustrates a reference line Gp and a reference
point Cp that are set up to acquire virtual endoscopy image
data of a follow organ (lumen). The reference line Gp indi-
cates an observing direction (¢x'0, ¢py'o) set up on the volume
data of the virtual endoscopy image data generating region
Rf. The reference point Cp indicates a crossing point at which
the reference line Gp along the observing direction (px'o,
¢y'o) and the follow organ inner surface Si along the reference
line Gp are crossing over. As illustrated in FIG. 7, to acquire
virtual endoscopy image data of a follow organ (lumen) that
is surrounded by the inner surface Si, a viewing point Ps is set
up at a position in the inner surface Si of the follow organ.
Then, a reference line Gp started from the viewing point Ps is
set up along the observing direction (¢x'o, ¢y'0).

[0078] Referring to FIG. 1, the MPR cross-sectional planes
setting unit 9 sets up three MPR cross-sectional planes that
are mutually orthogonally crossing at the reference point Cp.
Further, the MPR cross-sectional planes setting unit 9 renews
positions and directions of the MPR cross-sectional plane
based on a renewal instruction signal supplied from the input
unit 12.

[0079] FIG. 8 illustrates the MPR cross-sectional planes set
up by the MPR cross-sectional planes setting unit 9. For
instance, three MPR cross-sectional planes are set up based
on the orthogonally crossing coordinate system [x', y', 7'] of
the virtual endoscopy image data generating region Rf shown
m FIG. 5. As illustrated in FIG. 8, the MPR cross-sectional
planes set up an MPR cross-sectional plane Pma that is par-
allel to a (x'-z') plane including the reference point Cp set up
by the reference point setting unit 8, an MPR cross-sectional
plane Pmb parallel to a (y'-7') plane and an MPR cross-
sectional plane Pmc parallel to a (x'-y'") plane. By supplying a
renewal instruction signal from the input unit 12 through the
system control unit 14, these three orthogonal MPR cross-
sectional planes can be moved to a desired position along a
desired direction while keeping the relative position relation-
ships.

[0080] The MPR image data generating unit 10 (FIG. 1)
reads out volume data stored in the volume data memory unit
53 of the volume data generating unit 5. Three MPR image
data Ima to Imc are generated by setting up the MPR cross-
sectional planes Pma to Pmc to the volume data. Practically,
each of MPR image data Ima to Imc is generated based on the
respective volume data corresponding to each of MPR cross-
sectional planes Pma to Pme.

[0081] The display unit 11 (FIG. 1) includes a display data
generating unit, a data conversion unit and a monitor (all not
shown). The display data generating unit in the display unit 11
selects a desired image data among the virtual endoscopy
image data Ive generated in the virtual endoscopy image data
generating unit 6, MPR image data Pma to Pmec generated in
the MPR image data generating unit 10 and cavity image data
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generated in the cavity image data generating unit 7 based on
a display data selection signal supplied from input unit 12,
and generates display data with attaching collateral data, such
as an object data to the desired image data. The data conver-
sion unit in the display unit 11 displays the display data
generated by the display data generating unit on a monitor by
performing conversion processes, such a display format con-
version and a D/A conversion.

[0082] FIGS. 9A-9D and 10A-10D illustrate specific
examples of display data displayed on a monitor. FIG. 9A
illustrates MPR image data Ima of a diagnosing target region
of a blood vessel generated on the MPR cross-sectional plane
Pma shown in FIG. 8. FIG. 9B shows MPR image data Imb
generated on the MPR cross-sectional plane Pmb depicted in
FIG. 8. FIG. 9C illustrates MPR image data Imc of a cross-
sectional view of the blood vessel along a normal line (N.L) to
a surface of the blood vessel from the reference point Cp
shown in FIG. 9B. FIG. 9D illustrates virtual endoscopy
image data Ive showing an inner surface a blood vessel.
[0083] In each of the MPR image data Ima, Imb and Imc
acquired on the respective MPR cross-sectional planes, a
reference point Cp that indicates a crossing point between an
inner surface of a diagnosing target region in the lumen organ
(blood vessel) Ov and the reference line along an observing
direction (¢x'o, ¢py'0) and another two MPR cross-sectional
planes including the reference point Cp are displayed as dis-
play data. For instance, MPR image data Ima (FIG. 9A)
acquired on MPR cross-sectional plane Pma shows the refer-
ence point Cp and another two MPR cross-sectional planes
Pmb and Pmc which include the reference point Cp. In the
virtual endoscopy image data Ive shown by FIG. 9D, the
reference point Cp is illustrated in the diagnosing target
region in the follow organs Ov.

[0084] When the reference point Cp shown in either one of
the four image data Ima, Imb, Imc or Imv is moved to a
desired direction by using an input device provided in the
input unit 12, the reference point Cp shown in another three
image data are also moved in conjunction with the moving
indicated reference point Cp. After moving, three MPR cross-
sectional planes are set up by including the moved reference
point Cp. Fach of the MPR image data Ima to Imc¢ shown in
FIGS. 9A to 9C are respectively renewed by MPR image data
generated on the newly set up MPR cross-sectional planes.
[0085] FIG. 10A illustrates the MPR image data Ima gen-
erated on the MPR cross-sectional plane Pma as similar as
illustrated in FIG. 9A. FIG. 10B illustrates the cavity image
data Icy of the blood vessel shown in FIG. 10A. FIG. 10C
illustrates an MPR image data Imc of a cross-sectional view
of the blood vessel along a normal line to a surface of the
blood vessel from the reference point Cp on the cavity image
shown in FIG. 10B. FIG. 10D illustrates the virtual endos-
copy image data Ive of the blood vessel. In the cavity image
data Icy shown in FIG. 10B, a reference point Cp that indi-
cates a cross point between an inner surface of a diagnosing
target region of the lumen organ Ov and a reference line along
the observing direction (¢px'o, ¢y'0) is appended. FIG. 10C is
a cross-sectional view of a blood vessel along a normal line
(N.L.) from the reference point Cp located on an inner surface
of the cavity image shown in FIG. 10B.

[0086] When the reference point Cp shown in either one of
the image data is moved to a desired direction by an instruc-
tion from the input unit 12, the reference point Cp shown in
other image data are also moved in conjunction with the
moving of the indicated reference point Cp, and MPR image
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data Ima shown in FIG. 10A and MPR image data Imc shown
in FIG. 10C are renewed by the MPR image data newly
generated by the newly set up MPR cross-sectional planes
including the moved reference point Cp.

[0087] 1In FIG. 1, the input unit 12 includes input devices
such as a display panel, a key board, and pointing devices,
such as a trackball, a mouse, selection buttons or input but-
tons. The operation unit 8 further includes a viewing point/
viewing direction setting unit 121 for setting a viewing point
and a viewing direction to the volume data, a marker provid-
ing unit 122 for providing a marker on a diagnosing target
region of the virtual endoscopy image data and an MPR
cross-sectional plane renewing unit 123 for renewing the
position or the direction of the MPR cross-sectional plane. By
using the display panel or the input devices, an object data and
various command signals are inputted, a volume data gener-
ating condition, a virtual endoscopy image data generating
condition and an MPR image data generating conditions, a
threshold value o and viewing scopes ¢px'm and ¢y'm are set
up and display data is selected.

[0088] The scan control unit 13 (FIG. 1) controls delay
times of'the transmission delay circuit 212 in the transmitting
unit 21 and the reception delay circuit 222 (FIG. 2) in the
receiving unit 22 for successively performing ultrasound
transmissions/receptions to 3D regions on an object.

[0089] The system control unit 14 includes a CPU and a
memory circuit (both not shown). The memory circuit in the
system comtrol unit 14 stores various data inputted, set up or
selected by the input unit 12. The CPU in the system control
unit 14 totally controls each unit in the ultrasound image
diagnosis apparatus, and generates and displays virtual endo-
scopy image data, cavity image data and MPR image data. It
is also possible to use GPU or ASIC by replacing CPU.

[0090] FIG. 11 is a flowchart for illustrating an embodi-
ment of the medical image displaying method consistent with
the present invention. Prior to start an ultrasound examination
for an object, an operator of the ultrasound diagnosis appa-
ratus 100 inputs the object data and sets up operations, such as
generating conditions of a volume data, virtual endoscopy
image data, MPR image data, the threshold value a for detect-
ing voxels and viewing scopes ¢x'm and ¢py'm. The operator
further selects display data by using the input unit 12. Then,
the operator performs an initial setting of an ultrasound probe
3 at an appropriate position on a body surface of the object
(FIG. 11, step S1). In this embodiment, display data is gen-
erated by composing the virtual endoscopy image data
selected based on the selection signal and MPR image data
under the display format illustrated in FIG. 9. Of course, as
illustrated in FIG. 10, it is possible to generate the display data
by composing the virtual endoscopy image data, the cavity
image data and the MPR image data.

[0091] After completing the initial settings, the operator
inputs an examination start command through the input unit
12 (FIG. 11, step S2). This command signal is supplied to the
system control unit 14 for starting acquisition of volume data
of a 3D region in an object. Thus, as illustrated in FIG. 2, the
rate pulse generator 211 in the transmitting unit 21 generates
rate pulses by dividing the reference signal supplied from the
system control unit 14 and supplies rate pulses to the trans-
mission delay circuit 212. The transmission delay circuit 212
gives a focusing delay time for focusing transmitted ultra-
sounds a prescribed depth and a deflection delay time for
emitting the transmitted ultrasounds along the first transmis-
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sion/reception direction (0x1, y1) at the rate pulse based on
the control signals supplied from the transmission/reception
control unit 11.

[0092] Basedon therate pulses supplied from the transmis-
sion delay circuit 212, the driving circuit 213 generates driv-
ing signals for driving a plurality (Mt) of transmission trans-
ducers in the ultrasound probe 3 for transmitting ultrasounds
onto the object.

[0093] A portion of the transmitted ultrasounds reflect at
boundary surfaces of an organ or tissues having different
acoustic impedances in the object. The reflected ultrasounds
are received through a plurality (Mr) of transducers in the
ultrasound probe 3 and converted to reception signals of Mr
channels. The Mr channels reception signals supplied from
the transducers in the ultrasound probe 2 are converted to
digital signals through the A/D converter 221. Further, the
reception delay circuits 222 of Mr channels gives the focusing
delay times for focusing the Mr channels reception signals
from a prescribed depth and the deflecting delay time for
setting a strong reception directivity to the transmission/re-
ception direction (0x1,0y1). The focused Mr channels recep-
tion signals are phase compensated and summed at the sum-
mation unit (adder) 223.

[0094] The phase compensated and summed receiving sig-
nals are supplied to the receiving signal processing unit 4. The
receiving signal processing unit 4 generates B mode ultra-
sound data by performing envelope detections and logarith-
mic conversions. The generated B mode data is stored in the
ultrasound data memory unit 51 of the volume data generat-
ing unit 5 with the transmission/reception direction (6x1,0y1)
attached as appendix data.

[0095] After finishing the generation and storing of the
ultrasound data along the transmission/reception direction
(6x1,8y1), the system control unit 14 performs 3D scan by
successively renewing the transmission/reception directions
(0xp,0yq) without the first transmission/reception direction
(6x1,8y1). Thus, by controlling the delay times of the trans-
mission delay circuit 212 in the transmission unit 21 and the
reception delay circuit 222 in the reception unit 22, the trans-
mission/reception directions (0xp,0yq) are successively
renewed along the 0x direction by A0x, and also renewed
along the By direction by ABy. Where Oxp=0x1+(p-1)A6x
(p=1 to P), 8yq=0y1+(q-1)ABy(q=1 to Q). These ultrasound
data acquired along the renewed transmission/reception
directions also are stored in the ultrasound data memory unit
51 with the respective transmission/reception direction data
attached.

[0096] As illustrated in FIG. 4, the volume data generating
unit 5 generates 3D ultrasound data by arranging a plurality of
ultrasound data read out from the ultrasound data memory
unit 51 so as to correspond to each of the transmission/recep-
tion directions (8xp, 8yq), where 8xp=0x1+(p-1)A0x(p=1 to
P); 6yq=0y1+(q-1) ABy(g=1 to Q). The generated volume
data is stored in the volume data memory unit 53 (FIG. 11,
step S3).

[0097] Then, the operator tentatively sets up a viewing
point and a viewing direction to volume data through the
input unit 12 (FIG. 11, step S4). The virtual endoscopy image
data generating unit 6 generates virtual endoscopy (fly-
through) image data by performing a rendering process of
volume data read out from the volume data memory unit 53 in
the volume data generating unit 5 based on the viewing point
and viewing direction data supplied from the input unit 12
through the system control unit 14 (FIG. 11, step S5). Under
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observation of the virtual endoscopy image data displayed on
a monitor in the display unit 11, an appropriate viewing point
and viewing direction for diagnosing target region is newly
set up.

[0098] When a favorable acquisition of virtual endoscopy
image data for the target region to be diagnosed is succeeded,
the operator provides a marker on the diagnosing target
region of the virtual endoscopy image data displayed on the
display unit 11 by using input devices in the input unit 12
(FIG. 11, step S6).

[0099] Based on the observing direction data for the diag-
nosing target region set up by providing the marker on the
virtual endoscopy image data, the reference point setting unit
8 sets up a reference line that originates from the viewing
point. Further, by comparing a voxel value of the volume data
at a crossing point to the reference line with a threshold value
o for voxel detection, a reference point is set up to the volume
data at a crossing point where an inner surface of the diag-
nosing target region of the follow organ displayed by the
virtual endoscopy image data the reference line is crossing
with the reference point (FIG. 11, step S7).

[0100] Then, the MPR cross-sectional plane setting unit 9
sets up three MPR cross-sectional planes that are mutually
orthogonally crossing at the reference point (FIG. 11, step
S8). The MPR image data generating unit 10 sets up the MPR
cross-sectional planes on the volume data read out from the
volume data memory unit 53 in the volume data generating
unit 5. By extracting each 3D ultrasound data corresponding
to each of the MPR cross-sectional planes, 2D MPR image
data is generated (FIG. 11, step S9).

[0101] When the generation of MPR image data has com-
pleted, the display unit 11 composes the virtual endoscopy
image data generated in the virtual endoscopy image data
generating unit 6 and the three MPR image data generated in
the MPR image data generating unit 10. Further, the display
unit 11 displays the generated display data with attached
appendix data of the object data on the monitor (FIG. 11, step
S10).

[0102] Ifit is desired to observe these various image data
with a different viewing scope or at different MPR cross-
sectional planes, the generation and display of the virtual
endoscopy image data and the MPR image data are similarly
repeated. For instance, by moving the reference point
attached to the MPR image data displayed on the monitor in
the display unit 11 by using an input device in the input unit
12, it becomes possible to generate MPR image data on a
desired MPR cross-sectional plane.

[0103] According to the above-explained embodiment and
the modification, it becomes possible to simultaneously
acquire virtual endoscopy image data and a plurality of MPR
image data on a diagnosing target region based on the volume
data acquired from an object. Consequently, it becomes pos-
sible to observe inner tissues by comparing organ surfaces of
a diagnosing target region in a follow organ, which can sig-
nificantly improve diagnosis accuracy and efficiency. In par-
ticular, by observing an organ surface status due to the virtual
endoscopy image data, an inner surface of a follow organ to
which it is difficult to insert an endoscope can easily be
observed. Further, obtaining the volume data used for a gen-
eration of the virtual endoscopy image data eliminates inva-
sion of the subject resulting in greatly reduced risk to the
subject, since these data are acquired through an ultrasound
probe provided outside of an object body.
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[0104] Further, since the MPR cross-sectional planes are
formed at a reference point set up on a diagnosing target
region of volume data, and the position and the direction of
the MPR cross-sectional plane can be automatically renewed
in association with a renewal of the reference point by an
input operation, it becomes always possible to observe a
desired virtual endoscopy image with comparing to the MPR
image. In particular, by setting up three MPR cross-sectional
planes mutually orthogonally cross at the reference point, it
can efficiently acquire detail data of inner tissues that are
effective for a diagnosis of the diagnosing target region.
[0105] According to the above-explained embodiment and
the modification of the ultrasound diagnosis apparatus, it is
possible to determine accurately a positional relationship of a
diagnosing target region to a follow organ (lumen) by com-
paratively displaying between the emphasized lumen cavity
image data in a follow organ and the MPR image data.
[0106] FIG. 12 explains anembodiment of a medical image
display apparatus consistent with the present invention. The
medical image display apparatus generates virtual endoscopy
image data by setting up a viewing point and a viewing
direction to an object volume data acquired through an ultra-
sound diagnosis apparatus. By providing a marker on a diag-
nosing target region of a follow organ displayed by the virtual
endoscopy image data, an observing direction is set up. Then,
areference line originated from the viewing point is set up in
the observing direction of the volume data used for a genera-
tion of the virtual endoscopy image data. By comparing a the
volume data crossing the reference line and a prescribed
threshold value, a reference point where a surface of a diag-
nosing target region displayed by the virtual endoscopy
image data is crossing to the reference line is set up in the
volume data. A plurality of MPR image data is generated by
extracting the volume data corresponded to the respective
three MPR cross-sectional planes that are mutually orthogo-
nally crossing at the reference point, and these MPR image
data are displayed with the virtual endoscopy image data.
[0107] FIG. 12 illustrates a construction of an embodiment
of the medical image display apparatus 200 consistent with
the present invention. To avoid redundant explanations, each
unit that has the same construction and function as the units of
the ultrasound diagnosis apparatus 100 shown in FIG. 1 is
indicated by the same number.

[0108] The medical image display apparatus 200 includes a
volume data storing unit 15, a virtual endoscopy image data
generating unit 6, a cavity image data generating unit 7, a
reference point setting unit 8, an MPR cross-sectional plane
setting unit 9 and an MPR image data generating unit 10. The
volume data storing unit 15 stores volume data of an object
that is acquired by an ultrasound diagnosis apparatus. The
virtual endoscopy image data generating unit 6 generates
virtual endoscopy image data by performing a rendering pro-
cess of the volume data based on a viewing point and a
viewing direction set up by the input unit 12a. The cavity
image data generating unit 7 generates cavity image data by
performing an inversion process of a voxel value of the vol-
ume data. The reference point setting unit 8 sets up areference
point on a diagnosing target region of the volume data based
on a position data of a marker supplied from the input unit
12a. The MPR cross-sectional plane setting unit 9 sets up
three MPR cross-sectional planes that are mutually orthogo-
nally crossing at the reference point. Further, the MPR cross-
sectional plane setting unit 9 renews the positions and direc-
tions of the MPR cross-sectional planes based on renewal
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instruction signals supplied from the input unit 12¢. The MPR
image data generating unit 10 generates MPR image data by
extracting voxel value of the volume data corresponded to
each of the MPR cross-sectional planes.

[0109] The medical image display apparatus 200 further
includes a display unit 11, an input unit 12¢ and a system
control unit 14a. The display unit 11 displays virtual endos-
copy image data, cavity image data and MPR image data. The
input unit 124 sets up a viewing point and a viewing direction
1o the volume data, and provides a marker on a diagnosing
target region of the virtual endoscopy image data. The input
unit 12a further renews the MPR cross-sectional planes, and
inputs various command signals. The system control unit 14a
totally controls each unit in the medical image display appa-
ratus 200.

[0110] As explained above, the input unit 12a includes
input devices such as a display panel, a key board, pointing
devices, such as a trackball, a mouse, selection buttons or
input buttons. The input unit 12« includes a viewing point/
viewing direction setting unit 121 for setting a viewing point
and a viewing direction to the volume data, a marker provid-
ing unit 122 for providing a marker on a diagnosing target
region of the virtual endoscopy image data, and an MPR
cross-sectional plane renewing unit 123 for renewing the
position or the direction of the MPR cross-sectional planes.
Further, operations for setting up virtual endoscopy image
data generating conditions, MPR image data generating con-
ditions, athreshold value ¢. and viewing scope ¢x'm and ¢y'm,
input operations for an object data and various command
signals and a selecting operation of display data are per-
formed by using the display panel or the input devices.
[0111] The system control unit 14a totally controls each
unit in the medical image display apparatus 200 based on the
inputted, set up or selected data for generating and displaying
virtual endoscopy image data, cavity image data and MPR
image data. In this embodiment, the various image data are
generated and displayed by the similar generating and dis-
playing processes as illustrated in FIG. 11, steps S4 to S10.
[0112] According to the medical image display apparatus
consistent with the present invention, as similar to the above-
mentioned ultrasound diagnosis apparatus, it becomes pos-
sible to simultaneously acquire virtual endoscopy image data
and a plurality of MPR image data of a diagnosing target
region based on the volume data acquired from an object.
Consequently, it becomes possible to observe an organ sur-
face of a diagnosing target region of a follow organ while
comparing the internal tissues so as to significantly improve
the accuracy and efficiency of the diagnosis.

[0113] MPR cross-sectional are formed at the reference
point set up set in a diagnosing target region of the volume
data, and the position and the direction of the MPR cross-
sectional plane are automatically renewed in conjunction
with a renewal of the reference point by an operator. Conse-
quently, it becomes possible to always observe a desired
virtual endoscopy image with comparison to MPR image. In
particular, by setting three MPR cross-sectional planes that
are mutually orthogonally crossing at the reference point, it
can efficiently acquire inner tissues detail data that are useful
for diagnosing a target region. Further, by displaying an
emphasized cavity image data of an inner lumen organ with
comparison to the virtual endoscopy image data and the MPR
image data, it becomes possible to accurately determine a
positional relationship of a diagnosing target region in a fol-
low organ.
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[0114] The medical image display apparatus consistent
with the present invention can generate and display various
image data by using volume data supplied from another pro-
vided medical image display apparatus through a network.
Consequently, it becomes possible for an operator to effi-
ciently examine the object and still avoid limits of specific
times and places.

[0115] In the above-mentioned embodiment, to generate
virtual endoscopy image data, a viewing point is set up in a
lumen of follow organs, such as an alimentary canal or blood
vessels. According to the present invention, an application of
a diagnosing target region is not limited to the above-men-
tioned follow organs. For instance, it is applicable to examine
the hepatic cancer based on virtual endoscopy image data and
MPR image data by setting up the viewing point in an
abdominal cavity.

[0116] Inthe above-mentioned ultrasound diagnosis appa-
ratus embodiment consistent with the present invention, three
MPR cross-sectional planes Pma to Pmc are formed at refer-
ence point set up on a diagnosing target region in the volume
data so as to orthogonally cross with each others and each of
MPR image data Ima to Imc is generated on the respective
MPR cross-sectional planes. Of course, the number of the
MPR cross-sectional planes is not limited to three (3). In the
embodiment, the cavity image data for emphasized display-
ing of inner side of a follow organ (lumen) is displayed
accompanied by virtual endoscopy image data and MPR
image data. Itis possible to comparatively display with virtual
endoscopy image data or MPR image data.

[0117] In the above-mentioned embodiment of ultrasound
diagnosis apparatus consistent with the present invention,
volume data is generated based on 3D B mode data acquired
through a 2D array ultrasound probe and virtual endoscopy
image data and MPR image data are generated by using the
volume data. As mentioned above, it is possible to generate
volume data by mechanically moving by 1D array ultrasound
probe. It is also possible to generate volume data another
ultrasound data, such as color Doppler data.

[0118] If each sizes of these image data, positions and
directions are inadequate for generating and displaying vir-
tual endoscopy image data and MPR image data, the input
unit 12 (12a) can newly generate a desired virtual endoscopy
image data and a desired MPR image data by rotating the
orthogonally crossing coordinate system [x',y',2] or the MPR
cross-sectional plane and renewals of the viewing field angles
¢x'm and $py'm.

[0119] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

What is claimed is:

1. An ultrasound diagnosis apparatus configured to gener-
ate virtual endoscopy image data based on volume data
acquired through 3D scans over a diagnosing target region in
an object, the ultrasound diagnosis apparatus comprising:

a viewing point/direction setting unit configured to set a

viewing point and a viewing direction to the volume
data;
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a virtual endoscopy image data generating unit configured
to generate virtual endoscopy image data by processing
the volume data based on the viewing point and the
viewing direction;

a reference point setting unit configured to set a reference
point on the diagnosing target region of the volume data
based on the virtual endoscopy image data;

a multi-planar-reconstruction (MPR) plane setting unit
configured to set at least one MPR cross-sectional plane
to the volume data based on the reference point;

a MPR image data generating unit configured to generate
MPR image data based on the volume data on the MPR
cross-sectional plane; and

a display unit configured to display both the virtual endo-
scopy image data and the MPR image data.

2. The ultrasound diagnosis apparatus according to claim

1, further comprising a marker unit configured to provide a
marker on the virtual endoscopy image data for setting an
observing direction on the diagnosing target region,
wherein the a reference point setting unit sets the reference
point at a position where the reference line set along the
observing direction of the volume data crosses the diag-
nosing target region.

3. The ultrasound diagnosis apparatus according to claim
2, wherein the reference point setting unit sets the reference
point at a position where the reference line and a surface of the
diagnosing target region are crossing.

4. The ultrasound diagnosis apparatus according to claim
3, wherein the a reference point setting unit sets the reference
point on a surface of the diagnosing target region by compar-
ing a value of the volume data that crosses the reference line
with a prescribed threshold value.

5. The ultrasound diagnosis apparatus according to claim
3, wherein the a reference point setting unit sets the reference
point on an inner surface of the diagnosing target region in a
follow organ by comparing a value of the volume data that
crosses the reference line with a prescribed threshold value.

6. The ultrasound diagnosis apparatus according to claim
1, wherein the MPR cross-sectional plane setting unit sets
three MPR cross-sectional planes that are orthogonally cross-
ing at the reference point with each other.

7. The ultrasound diagnosis apparatus according to claim
1, wherein the display unit displays for comparison the virtual
endoscopy image data and the MPR image data.

8. The ultrasound diagnosis apparatus according to claim
1, further comprising a cavity image data generating unit
configured to generate cavity image data by performing an
inversion process for a voxel value of the volume data;

wherein the display unit displays for comparison the vir-
tual endoscopy image data, the MPR image data and the
cavity image data.

9. The ultrasound diagnosis apparatus according to claim
1, further including an MPR plane renewing unit,

wherein the MPR plane renewing unit renews a position or
a direction of the MPR cross-sectional plane set by the
MPR cross-sectional plane setting unit by moving the
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reference pointappended to the virtual endoscopy image
data and the MPR image data displayed on the display
unit.

10. The ultrasound diagnosis apparatus according to claim
1, wherein the a reference point setting unit renews a position
of a reference point appended on another image data in con-
junction with a movement of a reference point appended on
either one of the virtual endoscopy image data displayed on
the display unit or the MPR image data.

11. A medical image display apparatus configured to gen-
erate and display virtual endoscopy image data based on
volume data acquired through 3D scans of a medical image
diagnosis apparatus, the medical image display apparatus
comprising;

a volume data storing unit configured to store the volume

data;

a viewing point/direction setting unit configured to set a
viewing point and a viewing direction to the volume
data;

a virtual endoscopy image data generating unit configured
to generate virtual endoscopy image data by processing
the volume data based on the viewing point and the
viewing direction;

a reference point setting unit configured to set a reference
point on the diagnosing target region of the volume data
based on the virtual endoscopy image data;

a multi-planar-reconstruction (MPR) plane setting unit
configured to set at least one MPR cross-sectional plane
to the volume data based on the reference point;

a MPR image data generating unit configured to generate
MPR image data by extracting voxels of the volume data
on the MPR cross-sectional plane; and

a display unit configured to display both the virtual endo-
scopy image data and the MPR image data.

12. A medical image displaying method configured to gen-
erate and display virtual endoscopy image data based on
volume data acquired through 3D scans by using a medical
image diagnosis apparatus, the medical image displaying
method comprising:

storing the volume data;

setting a viewing point and a viewing direction to the
volume data;

generating virtual endoscopy image data by processing the
volume data based on the viewing point and the viewing
direction;

setting a reference point on the diagnosing target region of
the volume data based on the virtual endoscopy image
data;

setting at least one MPR cross-sectional plane to the vol-
ume data based on the reference point;

generating MPR image data by extracting voxels of the
volume data on the MPR cross-sectional plane; and

displaying both the virtual endoscopy image data and the
MPR image data.
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