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(57) Abstract: Based on the position and orientation information of an ultrasonic probe, an image generation unit acquires, from
three-dimensional volume data, an image of a slice corresponding to atomographic image of an object obtained by the ultrasonic
probe. An image composition unit composes the image of the slice with the tomographic image to generate and output a compos-
ite image. In this composition, aregion of the tomographic image is specified asan unclear image sensing region, and the image in
the unclear image sensing region isreplaced with the image in aregion of the image of the dice corresponding to the unclear im-
age sensing region, thereby composing the tomographic image with the image of the dlice.
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DESCRI PTI ON

| MAGE PROCESSI NG APPARATUS AND | MAGE PROCESSING METHOD

TECHNI CAL  FI ELD

[ 0001] The present invention relates to a

techni que of processing an inmage obtained by a nedical
image collection apparatus (nodality) such as an
ultrasonic inmage diagnosis apparatus, magnetic
resonance imging apparatus (MA), X-ray conputerized
t onography apparatus (X-ray CT) , or optical coherence
t onography  (OCT) .

BACKGROUND ART

[ 0002] In the nedical field, a doctor displays, on
a nonitor, a nedical inmage obtained by sensing an
object and diagnostically interprets the displayed

medi cal inmage, thereby observing the state or tinme-rate
change of a norbid portion. Many of the nedical inmages
are tomographic images inside the object. Exanmpl es of
medi cal image collection apparatuses (nodalities) for

obtaining a tonographic image are an ultrasonic inmage
di agnosis apparatus, nmagnetic resonance imaging
apparatus (MI), X-ray conputerized tonography
apparatus (X-ray CT) , and optical coherence tonography
(QCT) .

[ 0003] It is difficult to grasp the state of an
unclear image sensing region existing in an obtained

tonographic imge just by observing individual
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t onographic inmages (obtained tonographic inmages)
obtained by these npdalities.

[ 0004] The unclear inmage sensing region will be
described here with reference to Fig. 17. The unclear

i mge sensing region is an unclear region in the imge
sensing region of an obtained tonographic inmage where
the lumnance is higher or |ower than usual. . For
exanmpl e, when an ultrasonic imge diagnosis apparatus
is used as the nedical image collection apparatus for
obtaining a tonographic inmage, a shadow region or a
posterior echo region corresponds to the unclear image
sensing region. The shadow region is a region where
the state inside the object is not visualized in the
obt ai ned tonographic image because the ultrasonic probe
serving as an inmage sensing unit is not in appropriate
contact with the object surface. Note that if the
ultrasonic probe is not in contact with the object
surface at all, the entire imge sensing region of the
obtai ned tonographic image is detected as the shadow
region. The posterior echo region is an unclear region
in the imge sensing region of an obtained tonographic
i rmge where the lumnance is higher or |ower than usual
because of the influence of a tunmor or the |ike inside
the object. Note that in the follow ng description,

the outside of the image sensing region of an obtained
tonographic image is not included in the unclear image

sensi ng region.
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[ 0005] Non- patent reference 1 (w Win, A. Khanene,
DA Cevert, 0. Kutter, and N. Navab, "Sinulation and
fully automatic multinodal registration of nedical
ultrasound,"” Proc. MCCAl '07, vol. 1, pp. 136-143,
2007.) discloses a nethod of obtaining a tonographic
image using a given nodality, generating an inage of
the same slice based on three-dinensional geonetric
volunme data acquired by another nodality, and

di splaying both imges in a superinposed rmanner.
According to this nmethod, even if the obtained
tonographic image contains an unclear inmage sensing
region, it is possible to grasp the state of the
unclear image sensing region as far as a correspondi ng
region is visualized in the tonographic imge
(generated tonographic inmge) generated based on the

t hr ee- di nensi onal geonetric volune data acquired by
anot her nodality. Patent reference 1 (Japanese Patent
No. 3871747) discloses a nethod of displaying an
obt ai ned tonographic imge and a generated tonographic
image side by side. This nmethod also allows to obtain
the sane effect as non-patent reference 1.

[ 0006] It is difficult to grasp the three-

di nensi onal shape or range of a norbid portion only by
observing individual tonographic inmages obtained by the
above-described nodalities. There is an attenpt to
reconstruct three-dinensional shape data from a

t onographi ¢ i mage group. I f the three-dinmensional
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shape data has been reconstructed, analysis or display
i s done based on the reconstructed data, thereby easily
grasping the three-dinmensional shape or range of a
norbid portion.

[ 0007] A nedical image collection apparatus such
as an MR, X-ray CI, or OCT obtains a tonographic inmage
group at an equal interval. It is therefore possible
to easily reconstruct three-dinensional shape data by
simply stacking the tonographic inmages. However, an
ultrasonic image diagnosis apparatus normally perforns
i mage sensing while a doctor or a technician holds an
ultrasonic probe in hand and freely noves it. For this
reason, the position of the space based on the human
body, which is visualized in each obtained tonographic
i mge, i s unknown. An attenpt has been made to neasure
the position and orientation of the ultrasonic probe
using an external sensor and obtain the positional

rel ati onship between tonographic inmages, thereby
reconstructing three-dimensional shape data (non-patent
reference 2 (A Fenster, "3-Dinensional Utrasound

I magi ng," |maging Econom cs, 2004.)). Another attenpt
has al so been made to estimate the positional

rel ati onship between tonographic inages based on the
correlation between image features in the tonographic

i mages w thout wusing any external sensor, thereby
reconstructing three-dinensional shape data (non-patent

reference 3 (T.A. Tuthill, J.F. Krucker, J.B. Fow kes,
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and p.L. Carson, "Autonmted three-dinensional us frane

positioning conputed from el evational speckle

decorrel ati on, Radi ol ogy, vol. 209, pp. 575-582,

1998. )).
[ 0008] The tonographic inmage group is obtained
while pressing the probe against the object. For this

reason, the object deforms due to the pressure of the
probe, and the reconstructed three-dinmensional shape
data is distorted.

[ 0009] To prevent this, a deformation-free object
shape is acquired separately, and deformation is
corrected based on it. For exanple, a nmethod disclosed
in non-patent reference 4 (w Win, B. Roper, and N.
Navab, "Automatic registration and fusion of ultrasound
with CT for radiotherapy,” Proc. M CCAl 2005, vol. 2,
pp. 303-311, 2005.) acquires the deformation-free

t hr ee- di mensi onal shape data of an object in advance
using X-ray CT, and generates a sinmulated ultrasonic

i mmage based on it. A tonographic inage actually
obtained by an ultrasonic inmage diagnosis apparatus is
associated with the simulated inage based on inmage

i nformati on. This enables correction of defornmation.

[ 0010] Still another attenpt has been nmade to
estimate and correct the object deformation anount
caused by the probe pressure. For exanple, non-patent
reference 5 (G M. Treece, R.W. Prager, A.H. Cee, and L.

Berman, "Correction of probe pressure artifacts in
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freehand 3D ultrasound,” Medical Inmage Analysis, vol. &6,
no. 3, pp. 199-214, 2002.) discloses a nethod of
estimating and correcting, based on an inmage feature in
a tonographic imge and the neasured value of a
position and orientation sensor, the anount of
deformati on caused by the probe pressure. Thi s net hod
assunes that deformation occurs only in the probe
pressure application direction. The deformation anount
corresponding to the depth from the body surface of
each tonographic image is estimted and corrected by
calculating the correlation between the horizontal

lines of tonpbgraphic inages at adjacent image sensing
times. At this tinme, the correction is done by
adjusting the estimted value of the deformation anount
of each tonographic imge such that the estinmated
values of the deformation anounts and the neasured
values of the position and orientation sensor at the

i mage sensing start and end tinmes are consistent.

[ 0011] However, in the nmethod of non-patent
reference 1, a clearly sensed region (clear inmage
sensing region) and an unclear inage sensing region in
an obtained tonographic inmage are not explicitly

di scri m nat ed. Hence, the generated tonographic inmage
covers the clear image sensing region as well and

i npedes observation of the clear image sensing region.
Even if, for exanple, a biopsy cannula is included in

the clear inage sensing region, the cannula is hard to
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View.

[0012] In the nethod o;‘ patent reference 1, the
doctor needs to conplenment the unclear inmage sensing
region in the obtained tonographic inmge by observing
the corresponding region in the generated tonographic
image. At this time, it is inpossible to accurately
determ ne the correspondence between the unclear inmage
sensing region in the obtained tonographic imge and a
region in the generated tonographic image. This still
makes it difficult to grasp the state of the unclear

i mage sensing region.

[0013] The nethod of non-patent reference 4

i ndependently requires a nedical inmage collection
apparatus such as X-ray CT to obtain the reference

obj ect shape w thout deformation caused by the probe
pressure. That is, it is inpossible to reconstruct a
t hr ee- di nensi onal shape w thout deformation from only a
t onographic inmage group obtained by an ultrasonic image
di agnosi s appar at us.

[ 0014] In the nmethod of non-patent reference 5,
the measured value obtained by the position and
orientation sensor represents the position and
orientation of the deforned body surface, and the
correct value of the anmpbunt of deformation caused by
the probe pressure cannot be found. This nmakes it

i npossible to accurately correct the deformation and

obtain the reference object shape w thout deformation.



WO 2010/113633 PCT/JP2010/054465

DI SCLOSURE OF | NVENTI ON
[ 0015] The present invention has been made in
consi deration of the above-described problens, and
provides a technique of conplenenting an unclear imge
sensing region in an obtained tonographic inmge based
on three-di nensi onal vol une data.
[ 0016] It is another object of the present
invention to provide a technique of reconstructing
t hr ee- di mensi onal shape data with a little distortion
from a tonographic inmage group.
[0017] According to the first aspect of the
present invention, an inmage processing apparatus
conprising: an unit which acquires a tonographic inage
of an object obtained by an inage sensing unit; an unit
whi ch acquires position and orientation information of
the imge sensing wunit; an unit which acquires three-
di mensi onal volunme data of the object; an unit which
acquires an image of a slice corresponding to the
tonographic imge from the three-dinmensional vol une
data based on the position and orientation information;
a generation unit which generates a conposite image by
conposing the imge of the slice with the tonographic
imge; and an output wunit which outputs the conposite
i mage, wherein the generation unit specifies a region
as an unclear imge sensing region of the tonographic

i mmge, and conposes the tonobgraphic inmage with the
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image of the slice by replacing an inmage in the unclear
i mage sensing region with an inmage in a region of the
i mage of the slice corresponding to the unclear inmage
sensi ng region.

[ 0018] According to the second aspect of the
present invention, an inage processing method
conprising: a step of acquiring a tonographic inage of
an object obtained by an imge sensing unit; a step of
acquiring position and orientation information of the
i mage sensing unit; a step of acquiring three-

di mensi onal volunme data of the object; a step of
acquiring an inmage of a slice corresponding to the
tonographic image from the three-di nensional vol une
data based on the position and orientation information;
a generation step of generating a conposite inmage by
conposing the image of the slice with the tonographic
i mge; and an output step of outputting the conposite
i mge, wherein in the generation step, a region as an
uncl ear image sensing region of the tonographic inmage
is specified, and the tonographic inmage is conmposed
with the image of the slice by replacing an image in
the unclear image sensing region with an inage in a
region of the imge of the slice corresponding to the
uncl ear inmage sensing region.

[0019] According to the third aspect of the
present invention, an inage processing apparatus

conprising: an acquisition unit which tine-serially
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acquires tonographic imges of an object obtained by an
imge sensing unit; a determnation unit which

determ nes whether a tonographic inmage acquired by the
acquisition wunit is a tonographic inmage obtained in a
state in which the inmage sensing unit is in contact

with the object; a correction unit which corrects
deformation of, out of tonographic inage groups

obtained in a state in which the inage sensing unit is
in contact with the object, a tonographic inage group
other than a tonographic inmage obtained inmediately
after the contact and a tonographic inmage obtained

i mredi ately before cancel of the contact; and a
generation wunit which generates three-dinensional shape
data of the object based on the tonographic inmage group
corrected by the correction unit.

[ 0020] According to the fourth aspect of the
present invention, an inmage processing apparatus
conprising: an acquisition unit which time-serially
acquires tonographic inmages of an object obtained by an
i mge sensing unit and position and orientation
information of the imge sensing unit; a determ nation
unit which determ nes whether a tonographic inmage
acquired by the acquisition unit is a tonographic inmage
obtained in a state in which the inage sensing unit is
in contact with the object; and a generation unit which
generates three-di nensional shape data of the object

using the position and orientation information
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imedi ately before and immediately after the contact
and the position and orientation information

i medi ately before and imediately after cancel of the
cont act .

[ 0021] According to the fifth aspect of the
present invention, an inmage processing nethod
conprising: an acquisition step of tinme-serially
acquiring tonographic inmages of an object obtained by
an image sensing unit; a determnation step of

determ ning whether a tonographic inmage acquired in the
acquisition step is a tonographic inmage obtained in a
state in which the image sensing unit is in contact
with the object; a correction step of correcting
deformation of, out of tonographic image groups
acquired in the acquisition step, a tonographic inmage
group other than a tonographic inmage obtained

imedi ately after the contact and a tonographic inmage
obtained imediately before cancel of the contact; and
a generation step of generating three-dinensional shape
data of the object based on the tonographic image group
corrected in the correction step.

[ 0022] According to the sixth aspect of the
present invention, an inmage processing nethod
conprising: an acquisition step of tinme-serially
acquiring tonographic inmages of an object obtained by
an imge sensing unit and position and orientation

information of the image sensing unit; a determ nation



WO 2010/113633 PCT/JP2010/054465
- 12 -

step of determ ning whether a tonographic inmage
acquired in the acquisition step is a tonographic inmage
obtained in a state in which the inmage sensing unit is
in contact with the object; and a generation step of
generating three-dinensional shape data of the object
using the position and orientation information

i medi ately before and immediately after the contact

and the position and orientation information

i medi ately before and inmediately after cancel of the

cont act
[ 0023] Further features of the present invention
will becone apparent from the follow ng description of

exenmpl ary enbodinments with reference to the attached

dr awi ngs .

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0024] Fig. 1 is a block diagram showi ng an
exampl e of the functional arrangenent of an inmage
processing apparatus according to the first enbodi nent;
[ 0025] Fig. 2 is a block diagram showi ng an
exanmpl e of the hardware configuration of a conputer;
[ 0026] Fig. 3 is a flowhart illustrating the
operation of the image processing apparatus according
to the first enbodi ment;
[ 0027] Fig. 4 is a flowhart illustrating the
process in step S3010 according to the first

enmbodi nent ;
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[ 0028] Fig. 5 is a view showing an exanple of an
i mage sensing region;
[ 0029] Fig. 6 is a flowhart illustrating the

process in step S3030 according to the first

enmbodi nent ;

[ 0030] Fig. 7 is a flowhart of the process in
step S3010 according to the second enbodinent;

[ 0031] Fig. 8 is a flowhart of the process in
step S3030 according to the second enbodinent;

[ 0032] Fig. 9 is a flowhart of the process in
step S3010 according to the third enbodi nent;

[ 0033] Fig. 10 is a flowhart of the process in
step S3010 according to the fourth enbodinent;

[ 0034] Fig. 11 is a flowhart of the process in
step S3030 according to the fourth enbodinment;

[ 0035] Fig. 12 is a flowhart of the process in
step S3010 according to the fifth enbodi ment;

[ 0036] Fig. 13 is a view showing a central region,
left region, and right region based on a posterior echo
region;

[ 0037] Fig. 14 is a flowhart of the process in
step S3030 according to the fifth enbodi nent;

[ 0038] Fig. 15 is a flowhart of the process in
step S3020 according to the sixth enbodinment;

[ 0039] Fig. 16 is a flowhart of the process in
step S3030 according to the sixth enbodinment;

[ 0040] Fig. 17 is a view for explaining an unclear
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i mage sensi'ng regi‘on;

[ 0041] Fig. 18 is a block diagram showi ng an
exanpl e of the functional arrangenent of an inage
processing apparatus according to the eighth

embodi nent ;

[ 0042] Fig. 19 is a flowhart illustrating the
operation of the inmage processing apparatus according
to the eighth enbodi nent;

[ 0043] Fig. 20 is a flowhart of the process in
step S53010 according to the eighth enbodi nment;

[ 0044] Fig. 21 is a flowhart of the process in
step S53030 according to the eighth enbodi nent;

[ 0045] Fig. 22 is a flowhart of the process in
step S53040 according to the eighth enbodi nent;

[ 0046] Fig. 23 is a block diagram showi ng an
exanpl e of the functional arrangenent of an inage
processing apparatus according to the ninth enbodi ment;
[0047] Fig. 24 is a view showing a state in which
an object and an ultrasonic probe 5195 are in contact
with each other;

[ 0048] Fig. 25 is a flowhart illustrating the
process in step S53040 according to the ninth

embodi nent ;

[ 0049] Fig. 26 is a block diagram show ng an
exanpl e of the functional arrangenment of an inage
processing apparatus according to the 10th enbodi nent;

and
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[ 0050] Fig. 27 is a view for explaining a contact
determ nation nmethod according to the third

modi fication of other enbodi nents.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
[ 0051] The enbodi ments of the present invention
will now be described with reference to the
acconpanyi ng draw ngs. Note that the enbodinents to be
expl ai ned below are detailed enbodied exanples of the
present invention and are included in detailed exanples
of the arrangenments described in the appended clains.
[0052] [First Enbodi ment]

An image processing apparatus according to this
enbodi ment detects an unclear inage sensing region in
an obtained tonographic inmage and conplenments the
detected unclear inmage sensing region based on three-
di nrensi onal vol ume data. Note that in this enbodi nent,
a case will be described in which a shadow region is
handl ed as an unclear inmage sensing region, and three-
di nensional volume data is handled as three-dinensional
i mmge data. The enbodinment w Il be explained below.

[ 0053] The arrangenent of the inage processing
apparatus according to the enbodinent and its

peri pheral devices will be described first with
reference to Fig. 1. As shown in Fig. 1, an inmge
processing apparatus 100 according to this enbodi ment

includes a data input unit 110, region detection wunit
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120, image generation wunit 130, and image conposition
unit 140. An ultrasonic inmge diagnosis apparatus 190
serving as a nedical image collection apparatus for
obtaining a tonographic inmge is connected to the inage
processing apparatus 100. A data server 200 configured
to hold the three-dinensional volune data of an object
is also connected to the image processing apparatus 100.
[ 0054] The ultrasonic image diagnosis apparatus
190 obtains a tonographic inmage of an object in real
tinme. The tonographic imge (obtained tonographic

i mmge) obtained by the ultrasonic inage diagnosis
apparatus 190 is input to the inmmge processing

apparatus 100 via the data input unit 110.

[ 0055] Normally, a doctor or a technician senses
an object while holding an ultrasonic probe serving as
the imge sensing unit (not shown) of the ultrasonic

i mge diagnosis apparatus 190 in hand and freely noving
t he probe. However, since the position of the space
based on the object, which is visualized in the

obtai ned tonographic image, is unknown, a position and
orientation sensor (not shown) is attached to the inmmge
sensing unit to neasure the position and orientation of
the imge sensing unit. The position and orientation
sensor is fornmed from e.g., FASTRAK available from
Pol henus, U. S. A Note that the position and
orientation sensor can have any design if it can

nmeasure the position and orientation of the imge
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sensing unit. In all acquisition nmethods, position and
orientation information representing the position and
orientation of the image sensing unit is input to the

i mge processing apparatus 100 via the data input unit
110. The position and orientation of the imge sensing
unit are represented by a position and orientation on,
for exanple, a reference coordinate system (a
coordinate system whose origin is defined at one point
on a space based on an object, and whose X-, Y-, and Z-
axes are defined as three axes that cross at right
angles at that origin) . Note that the position and
orientation of the inmage sensing unit may be input by
the operator wusing a keyboard or nobuse (not shown) .

[ 0056] The data server 200 holds the three-

di nensi onal volune data of the sane object as that of
the obtained tonographic imge. The three-dinensional
volume data is, for exanple, reconstructed in advance
from a tonographic image group obtained by previously
causing the ultrasonic imge diagnosis apparatus 190 to
sense the object. For exanple, according to the method
di sclosed in non-patent reference 2, the position and
orientation of the inmage sensing unit are measured
using the position and orientation sensor, and the
positional relationship between tonographic inages is
obtai ned, thereby reconstructing three-dinensional

vol une dat a.

[ 0057] Note that the three-dinensional volunme data
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is expressed on the above-described reference
coordinate system The three-dinmensional volune data
of the object is input to the inage processing
apparatus 100 via the data input unit 110.

[ 0058] An unclear imge sensing region (in this
case, including a posterior echo region) in a

t onographic inmage obtained by sensing the object from a
given direction is sonetimes a clear image sensing
region in another tonographic inmage obtained by sensing
the object from another direction. In this case, use
of a tonographic inmage group obtained by sensing the
object from a plurality of directions allows to
reconstruct three-di nensional volune data in which the
unclear image sensing region is conplenented to sone
extent. As a consequence, a generated tonographic
image in which the unclear inmage sensing region is
conplemented to sone extent can be obtained. The
"generated tonographic imge" is a tonographic imge
generated based on three-dinensional volunme data
acquired by another nodality, as described above. The
units of the inmage processing apparatus 100 will be
expl ai ned next.

[ 0059] The data input unit 110 converts the

obt ai ned tonographic inmage input from the ultrasonic

i mmge diagnosis apparatus 190 into digital data as
needed, and outputs it to the region detection unit 120

and the image conposition wunit 140. The data input
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unit 110 also outputs, to the inage generation wunit 130,
t hr ee- di nensi onal volune data concerning the sane
object as that of the obtained tonographic inmage, which
is input from the data server 200. Based on the
position and orientation information of the inmage
sensing wunit input from the ultrasonic inmge diagnosis
apparatus 190 and the "position and orientation
information of the obtained tonographic image on the

i mge sensing unit coordinate system', which is
calculated and held in advance, the data input unit 110
obtains position and orientation information of the
obt ai ned tonographic image on the reference coordinate
system  The data input unit 110 outputs, to the inmage
generation wunit 130 of the succeeding stage, the
obtained "position and orientation information of the
obt ai ned tonographic image on the reference coordinate
systent'. The inmage sensing unit coordinate system is a
coordi nate system whose origin is defined at one point
on the image sensing unit, and whose X-, Y-, and Z-axes
are defined as three axes that cross at right angles at
that origin.

[ 0060] The region detection unit 120 detects the
shadow region in the obtained tonographic inage input
from the data input unit 110, and outputs data
representing the detected region to the inage
conposition wunit 140. In this enbodinment, a mask imge

is used as the data representing the shadow region.
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The mask inmage has the sanme size as that of the

obtai ned tomographic imge and assigns different pixe
values to the shadow region and regions other than it.
[ 0061] The inmage generation wunit 130 generates a
t onographic inmage using the three-dinmensional vol ume
data input from the data input unit 110 and the
position and orientation information of the obtained
tonographic image on the reference coordinate system
and outputs the generated tonographic image to the

i mge composition unit - 140.

[ 0062] Using the obtained tonographic image input
from the data input unit 110, the mask inage input from
the region detection wunit 120, and the generated
tonographic inmage input from the inmage generation wunit
130, the image conposition wunit 140 conposes the
generated tonmographic imge with the shadow region of
the obtained tonographic inmage. The inmage conposition
unit 140 outputs the conposite image obtained by the
conposition process to an external device.

[0063] Note that at |east sone of the data input
unit 110, region detection wunit 120, inage generation
unit 130, and image conposition unit 140 shown in Fig
1 may be inplemented as independent devices.

Al ternatively, the units may be inplemented as software
applications which are installed in one or a plurality
of conputers and executed by the CPUs of the conputers

to inmplement corresponding functions. In this
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enbodi nent, the units (data input unit 110, region
detection wunit 120, image generation wunit 130, and

i mage conposition wunit 140) are assuned to be

i npl enented as software and installed in a single
conput er.

[ 0064] The hardware configuration of the conputer
which inplenments the functions of the data input unit
110, region detection wunit 120, inmage generation wunit
130, and inmage conposition wunit 140 by executing
software will be described with reference to Fig. 2.
[ 0065] A CPU 1001 controls the entire conputer
using conputer prograns and data stored in a RAM 1002
and a ROM 1003. The CPU 1001 also inplenments the
functions of the data input unit 110, region detection
unit 120, inmage generation wunit 130, and inmage
conmposition wunit 140 by executing software applications
corresponding to them

[ 0066] The RAM 1002 is an exanple of a conputer-
readabl e storage nedium and has an area for tenporarily-
storing conputer prograns and data |oaded from an
external storage device 1007 or a storage nmedium drive
1008. The RAM 1002 also has an area for tenporarily
storing data received from the outside via an I/F 1009
and a work area necessary for the CPU 1001 to perform
various Kkinds of processing.

[0067] The ROM 1003 is an exanple of a conputer-

readabl e storage nedium and generally stores conputer
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progranms and setting data. A keyboard 1004 and a nouse
1005 are used as input devices. The operator can input
various instructions to the CPU 1001 by using them

[ 0068] A display unit 1006 is forned from a CRT, a
liquid crystal display, or the like and can display the
processing result of the CPU 1001 as an image or
characters. For example, the display wunit 1006 can

di splay various kinds of medical imges such as an
obt ai ned tonographic inmage and a conposite inage, or a
message which should be displayed for image processing.
[ 0069] The external storage device 1007 is a nass
information storage device represented by a hard disk
drive. The external storage device 1007 stores the OS
(Operating Systenm) , and progranms and data which are
used to cause the CPU 1001 to execute each processing
to be described later as processing to be executed by
the image processing apparatus according to this

enbodi nent . The conputer progranms include conputer
progranms which cause the CPU 1001 to inplenment the
functions of the data input unit 110, region detection
unit 120, inage generation wunit 130, and inage
conposition wunit 140. The data include data to be
descri bed below as known information. Under the
control of the CPU 1001, the conputer prograns and data
stored in the external storage device 1007 are |oaded
to the RAM 1002 as needed as the process target of the

CPU 1001.
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[ 0070] Under the control of the CPU 1001, the
storage nedium drive 1008 reads out conputer prograns
and data from a storage medium such as a CD-ROM or a
DVD-ROM and outputs them to the RAM 1002 or the
external storage device 1007 .

[0071] The 1/F 1009 is formed from an anal ogue
video port configured to connect the ultrasonic image
di agnosis apparatus 190, a digital input/output port
such as | EEE1394, or an Ethernet® port configured to
output the information of a composite image or the like
to the outside. The data server 200 is connected to
the 1/F 1009. Data externally input via the I/F 1009
is stored in the RAM 1002. The I/F 1009 inplenents
sone functions of the data input unit 110. The above-
descri bed constituent elements are connected to each
other via a bus 1010.

[0072] The operation of the inmage processing
apparatus according to the enmbodinment wll be described
next with reference to Fig. 3. Note that in the
follow ng explanation, the units shown in Fig. 1 are
the entities of processing. In this enbodi ment,
however, the CPU 1001 executes conputer prograns
corresponding to the units, as described above. Hence,
the CPU 1001 is the entity of processing in fact.

[0073] In step S3000, the data input wunit 110
acquires, from the ultrasonic inmage diagnosis apparatus

190, the obtained tonographic imge of an object and
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the position and orientation information of the inmage
sensing unit of the ultrasonic inage diagnosis
apparatus 190. The data input unit 110 also acquires
the three-dinensional volune data of the object from
the data server 200. Based on the position and
orientation information of the image sensing unit and
the "position and orientation information of the
obt ai ned tonographic imge on the inmage sensing unit
coordinate system which is calculated and held in
advance, the data input unit 110 obtains the position
and orientation information of the obtained tonographic
image on the reference coordinate system The data
input unit 110 outputs the obtained tonographic imge
to the region detection unit 120 and the inage
conposition wunit 140 and the three-dinmensional volune
data and the "position and orientation information of
t he obtained tonographic imge on the inage sensing
unit coordinate systent to the inage generation unit
130.

[ 0074] In step S3010, the region detection wunit
120 detects a shadow region serving as an unclear inmge
sensing region from the obtained tonographic inage
received from the data input unit 110. Note that the
process in this step will be described later in detail
with reference to the flowhart of Fig. 4.

[ 0075] In step S3020, based on the position and

orientation information obtained by the data input unit
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110 in step S3000, the image generation unit 130
generates a tonographic inmage by extracting, from the
t hr ee- di nensi onal volune data, an inmage of the sane
slice as that of the obtained tonpbgraphic i nmage
acquired by the data input wunit 110. Note that only a
portion corresponding to the shadow region in the

t hr ee- di nensi onal volune data nay be generated as the
generated tonographic inmage.

[ 0076] In step S3030, the image conposition unit
140 conposes the tonmographic inmage generated in step
S3020 with the shadow region in the obtained
tomographic image received from the data input unit 110.
Note that the process in this step will be described
later in detail wth reference to the flowhart of Fig.
6.

[0077] In step S3040, the image conposition unit
140 outputs the conposite image obtained by the
conmposition process in step S3030 to an external device
via the I/F 1009. Alternatively, the conposite imge
is stored in RAM 1002 so as to be available for another
application.

[ 0078] The shadow region in the obtained
tomographic image i s conplenented based on the three-
di mensional volune data by the above-described

processi ng.

[ 0079] Details of the process in step S3010 will

be described next with reference to Fig. 4. Note that
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the processing according to the flowhart of Fig. 4 is
i mpl emented by causing the CPU 1001 to execute a
computer program that inplenents the functions of the

region detection unit 120.

[ 0080] In step S4000, the region detection unit
120 receives the obtained tonopgraphic imge from the
data input wunit 110. In step S4010, the region
detection unit 120 generates, as a mask inmmge, an inmage

having the sane size as that of the obtained

t onogr aphi ¢ imge received in step S4000. Note that
the pixel values of all pixels of the mask inage are
set to 0.

[ 0081] In step S4020, the region detection unit
120 converts the inmage sensing region of the obtained
t onogr aphi ¢ imge into a rectangle, and perforns the
same conversion for the nmask i mage. For exanple, when
a convex probe is used as the inmage sensing unit of the
ul trasonic i mage diagnosis apparatus 190, the image
sensing region has a fan shape, as shown in Fig. 5.

This shape is converted into a rectangle by, e.g.,
.. Otan @

X:_DIB.X—DIB.X_

y=r

where (r, B) represents the polar coordinates of the

i mge sensing region of the convex probe as shown in
Fig. 5, rp and 6, are the maxinum values of r and ©

in the imge sensing region, respectively, and (x,y)
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represents the orthogonal coordinates after conversion.
Note that when a linear probe is used as the inmage
sensing unit of the ultrasonic imge diagnosis
apparatus 190, the inmage sensing region is rectangular,

and this step is unnecessary.

[ 0082] In step S4030, the region detection wunit
120 selects, as a selected vertical Iline, an
unprocessed vertical Iline in the rectangle region of
t he obtained tonographic inmage. In step S4040, the

region detection wunit 120 determ nes whether the pixel
values (lum nance values) of all pixels of the selected
vertical line are smaller than a threshol d.

[ 0083] The lum nance is not necessarily |ow near
the upper end portion of the inmage sensing region even
if the ultrasonic probe is not in appropriate contact
with the object surface. Not to use the upper end
portion of the image sensing region, it may be

determ ned whether all pixel values at y-coordinates

| arger than a predeterm ned y-coordinate value are

smal l er than the threshold. I f the pixel values of all
pi xels of the selected vertical Iline are smaller than
the threshold upon determnation, the process advances

to step S4050. Oherw se, the process advances to step

S4060.
[ 0084] Note that the processing of determ ning
whether the region is a shadow region is not limted to

t he above-described processing. For exanple, the
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determ nation nmay be done by checking whether the
average of the pixel values of all pixels of the
selected vertical line are equal to or smaller than a
threshold, and the variance of the pixel values is
equal to or smaller than a threshol d.

[ 0085] In step S4050, the region detection unit
120 sets the pixel values of pixels of a line of the
mask image corresponding to the selected vertical |Iine

to 1, and advances the process to step S4060.

[ 0086] In step S4060, the region detection unit
120 determ nes whether all vertical I|ines have been
selected in step S4030. If an unselected vertical line

exi sts upon determi nation, the process returns to step
S4030. If all vertical lines have been selected, the
process advances to step S4070.

[ 0087] In step S4070, the region detection unit
120 determ nes whether the pixel values of the nmask
imge at all pixel positions in the rectangle region
have been set to 1. |If not all pixel values have been
set to 1 upon determination, a probe noncontact flag
representing whether the ultrasonic probe is not in
contact with the object surface at all is set to 0. On
the other hand, if all pixel values have been set to 1,
t he probe noncontact flag is set to 1.

[ 0088] In step S4080, the region detection unit
120 performs inverse conversion of equations (1) for

the mask inmage. Note that when a linear probe is used
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as the image sensing unit of the ultrasonic image
di agnosis apparatus 190, this step is unnecessary.

[ 0089] In step S4090, the region detection wunit
120 outputs, to the inmage conposition wunit 140, the
mask inmage representing the shadow region and the probe
noncontact flag obtained by the processing in step
S4000 to $S4080.

[ 0090] The above-described processing allows to
detect the shadow region from the obtained tonpgraphic
imge. The detected shadow region is reflected on the
mask image as a region formed from a pixel group having
pi xel values "1".

[ 0091] Details of the process in step S3030 wll
be described next with reference to Fig. 6. Note that
the processing according to the flowhart of Fig. 6 is
i mpl emented by causing the CPU 1001 to execute a
conputer program that inplenents the functions of the
i mge conposition unit 140.

[ 0092] In step S6000, the image conposition unit
140 receives the obtained tonographic image from the
data input unit 110 and the nmask image representing the
shadow region and the probe noncontact flag from the
region detection wunit 120. The inage conposition unit
140 also receives the generated tonographic inmage from
the inmage generation wunit 130.

[ 0093] In step S6010, the image conposition unit

140 determ nes whether the probe noncontact flag is O
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or 1. |f the probe noncontact flag is O upon
determ nation, the process advances to step S6020. | f

the probe noncontact flag is 1 upon determ nation, the
process advances to step S6050.

[ 0094] In step S6020, the inmage conposition unit
140 selects, as a selected pixel, an unselected pixel
in aregion, i.e., the shadow region (unclear inmage
sensing region) of the obtained tonographic inmage
corresponding to the region with the pixel value "1" in
the mask i nmage.

[ 0095] In step S6030, the inmage conposition unit
140 replaces the pixel value of the selected pixel wth
the pixel value at the corresponding pixel position of
the generated tonographic inmage. |In step S6040, the

i mage conposition wunit 140 determ nes whether all

pi xels in the shadow region have been selected in step
S6020. I f an unsel ected pixel exists upon

determ nation, the process returns to step S6020. I f
all pixels in the shadow region have been selected, the
process advances to step S6060.

[ 0096] In step S6050, the image conposition unit
140 replaces the pixel values of all pixels of the
obt ai ned tonographic imge wth the pixel values at
correspondi ng pixel positions of the generated

t onogr aphi ¢ i mage. In step S6060, the inmage
conposition unit 140 stores the obtained tonographic

i mage updated by the processing in steps S6000 to S6050
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in the RAM 1002 as the conposite inage of the obtained
t onographic imge and the generated tonographic inmage.
[ 0097] The above-descri bed processing enables to
conpose the shadow region in the obtained tonographic
imge with the generated tonographic inmage.
[ 0098] As described above, according to this
enbodi ment, it is possible to conpose a shadow region
which is an unclear inage sensing region in an obtained
tonographic inage with the imge of the sane slice as
that of a tonographic image generated based on three-
di mensi onal volune data. This allows to conplenent the
uncl ear image sensing region based on the three-
di mensi onal volune data w thout inpeding observation of
a clear imge sensing region in the tonographic image.
[0099] [Second Enbodi ment]

In the fhirst enbodi nent, a case has been
described in which a shadow region is handled as an

uncl ear imge sensing region. However, the unclear

i mage sensing region is not limted to the shadow
region and may be a posterior echo region. In the
second enbodinent, a case will be explained in which a

posterior echo region is handled as an unclear inmage
sensi ng region.

[0100] This enbodinment will be described bel ow
regarding only portions different fromthe first
enbodi rent. Note that the arrangenent of an inmage

processi ng apparatus according to this enbodinment is
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the sanme as in Fig. 1 except only the functions of a
region detection wunit 120 and an inmge conposition unit
140.

[0101] The region detection unit 120 receives an
obtained tonographic inmage from a data input unit 110.
The region detection wunit 120 detects a posterior echo
region in the obtained tonographic inmage as an unclear
i mmge sensing region, and outputs data representing the
detected region to the image conposition wunit 140. In
this enbodinent, a mask image representing the
posterior echo region is used as the data representing
the posterior echo region.

[0102] The image conposition wunit 140 receives the
obtained tonographic inage output from the data input
unit 110, the nmsk inmge representing the posterior
echo region output from the region detection wunit 120,
and a generated tonographic imge output from an inage
generation wunit 130. Based on these data, the inmmge
conposition wunit 140 conposes the posterior echo region
of the obtained tonbgraphic inmage with the generated
tonmographic inmage, and outputs the obtained conposite
imge to the outside.

[0103] Processing to be executed by the region
detection wunit 120 of this enbodinent in step S3010
will be described next with reference to Fig. 7. The
same step nunbers as in Fig. 4 denote the sane

processes in Fig. 7, and a description thereof wll not
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be repeated.

[0104] In step S7030, the region detection unit
120 detects the posterior echo region of the obtained
tonmographic imge using, e.g., a nethod disclosed in
the follow ng reference.

[0105] Fukuoka, "Conputer-Aided Diagnosis System
on Breast U trasound", Japanese Journal of Radiol ogical
Technol ogy, vol. 63, no. 12, pp. 1429-1434, 2007.
[0106] More specifically, the region detection
unit 120 detects a tunor candidate region using a

nmet hod based on vertical edge detection, and defines
the region behind (under) it as a posterior echo region.,
[0107] In step S7040, the region detection unit
120 sets the pixel values of pixels of a region of the
mask inmage corresponding to the posterior echo region
detected in step S7030 to 1, and advances the process
to step S7050.

[0108] In step S7050, the region detection unit
120 perfornms inverse conversion of equations (1) for
the mask imge. Note that when a linear probe is used
as the image sensing unit of an ultrasonic inmage

di agnosi s apparatus 190, this step is unnecessary.
[0109] In step S7060, the region detection wunit
120 outputs the mask inage representing the posterior
echo region obtained by the above-described processing
to the imge conposition wunit 140. The above-descri bed

processing allows to detect the posterior echo region
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from the obtained tonographic image.

[0110] Processing to be executed by the inage
conposition unit 140 of this enbodinent in step S3030
will be described next with reference to Fig. 8. In
step S8000, the image composition wunit 140 receives the
obt ai ned tonographic inmage from the data input unit 110
and the nmask inmage representing the posterior echo
region from the region detection wunit 120. The inage
conmposition wunit 140 also receives the generated

tonographic imge from the inmge generation unit 130.

[0111] In step S8010, the image conposition wunit
140 selects, as a selected pixel, an unselected pixel
in a region, i.e., the posterior echo region of the

obt ai ned tonographic inmage corresponding to the region
with the pixel value "1" in the mask imge.

[0112] In step S8020, the image conposition wunit
140 replaces the pixel value of the selected pixel wth
the pixel value at the corresponding pixel position of
the generated tonographic inmage. In step S8030, the

i mage conposition wunit 140 determ nes whether all
pixels in the posterior echo region have been selected
in step S8010. I f an unselected pixel exists upon
determ nation, the process returns to step S8010. | f
all pixels in the posterior echo region have been

sel ected, the process advances to step S8040.

[0113] In step S8040, the image conposition wunit

140 outputs the obtained tonographic inage updated by
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the processing in steps S8000 to S8030 as the conposite
i rage of the obtained tonographic imge and the
generated tonographic image. The output destination is
not particularly limted, as in the first enbodinent.
The above-described processing enables to conpose the
posterior echo region in the obtained tonographic inmage
with the generated tonographic image

[0114] As described above, according to this

enbodi nent, it is possible to conpose a posterior echo
region which is an unclear inmage sensing region in a
tonographic imge with the imge of the sane slice as
that of a tonographic inmage generated based on three-

di mensi onal volune data. This allows to conplenent the
uncl ear 1inmage sensing region based on the three-

di mensi onal volume data w thout inpeding observation of
a clear image sensing region in the tonographic inmage.
[0115] [Third Enbodi nent]

In the first enbodinent, a case has been
described in which a shadow region is handled as an
uncl ear inmage sensing region. In the second enbodi nment
a case has been described in which a posterior echo
region is handled as an unclear inmage sensing region.
However, the unclear inmage sensing region is not
[imted to one of the shadow region and the posterior
echo region and may include both of them In the third
enbodi nent, a case will be explained in which both a

shadow region and a posterior echo region are handl ed
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as an unclear inmage sensing region.

[0116] This enbodinment will be described below
regarding only portions different from the first

enbodi nent . Note that the arrangenent of an imge
processing apparatus according to this enbodinment is
the sane as in Fig. 1 except only the functions of a
region detection wunit 120 and an inmage conposition unit
140.

[0117] The region detection unit 120 receives an
obt ai ned tonographic inage output from a data i nput
unit 110. The region detection unit 120 detects a
region that conbines a shadow region and a posterior
echo region in the obtained tonographic imge, and
outputs data representing the detected region to the

i mmge conposition wunit 140. In this enbodi ment, a mask
i mge representing the region that conbines the shadow
region and the posterior echo region is used as the
data representing the region that conbines the shadow
region and the posterior echo region.

[0118] The image conposition wunit 140 receives the
obt ai ned tonographic inage output from the data input
unit 110, the mask inmage representing the region that
conbi nes the shadow region and the posterior echo
region output from the region detection unit 120, and a
generated tonographic inmage output from an inage
generation wunit 130. Based on these data, the inmage

conposition wunit 140 conposes the region that conbines
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the shadow region and the posterior echo region of the
obt ai ned tonographic imge with the generated
tonographic inmage, and outputs the obtained conposite
i mge to the outside.

[0119] Processing to be executed by the region
detection unit 120 of this enbodinment in step S3010
will be described next with reference to Fig. 9. The
same step nunbers as in Fig. 4 denote the sane
processes in Fig. 9, and a description thereof wll not
be repeated.

[ 0120] In step S9080, the region detection wunit
120 detects, wusing, e.g., the method disclosed in
(reference 2) above, the posterior echo region from an
imge region in the rectangle region of the obtained

t onographic image corresponding to the immge region
with the pixel value "0" in the mask i mage.

[0121] In step S9090, the region detection wunit
120 sets the pixel values of pixels of a region of the
mask image corresponding to the posterior echo region
detected in step S9080 to 1, and advances the process
to step S9100.

[0122] In step S9100, the region detection wunit
120 performs inverse conversion of equations (1) for
the mask inmage. Note that when a linear probe is used
as the image sensing unit of an ultrasonic inmage

di agnosis apparatus 190, this step is unnecessary.

[ 0123] In step S9110, the region detection wunit
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120 outputs, to the image conposition wunit 140, the
mask image representing the region that conbines the
shadow region and the posterior echo region and a probe
noncontact flag obtained by the above-described
processi ng. The above-described processing allows to
detect the region that conbines the shadow region and
the posterior echo region from the obtained tonographic
i mage .
[ 0124] The procedure of processing executed by the
i mge conposition unit 140 is the same as that of the
processing of the flowhart shown in Fig. 6. The
shadow region in the flowhart of Fig. 6 is replaced
with the region that conmbines the shadow region and the
posterior echo region.
[ 0125] As descri bed above, according to this
enmbodi ment, it is possible to conpose a region that
conbi nes a shadow region and a posterior echo region,
which is an unclear inmmge sensing region in a
tonographic image, with the imge of the sane slice as
that of a tonographic inmage generated based on three-
di nensi onal volune data. This allows to conplenent the
unclear image sensing region based on the three-
di nensi onal volune data w thout inpeding observation of
a clear image sensing region in the tonographic image.
[0126] [Fourth Enbodi ment ]

In this enbodinment, the inmage sensing clarity of

a region of an obtained tonographic image is calculated
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using a nmethod corresponding to the property of the
uncl ear image sensing region. In accordance wth the

i mge sensing clarity, the obtained tonographic image
is conposed with a generated tonographic image
generated based on three-dinensional volume data. Note
that in this enbodiment, a case will be described in
which a shadow region is handled as an unclear inmage
sensing region, and three-dinensional volune data is
handl ed as three-di nensional i mge dat a.

[0127] This enbodinent will be described below
regarding only portions different from the first

enbodi ment . Note that the arrangenent of an inmage
processing apparatus according to this enbodinment is
the same as in Fig. 1 except only the functions of a
region detection wunit 120 and an image conposition unit
140.

[0128] In this enbodinment, the region detection
unit 120 calculates the imge sensing clarity of a
region in an obtained tonographic inmage. Note that,
for exanple, defining a region having an image sensing
clarity "O0" as a clear inmage sensing region and a
region having an inmage sensing clarity larger than 0 as
an unclear image sensing region, image sensing clarity
calculation also enables region detection.

[0129] Processing to be executed by the region
detection wunit 120 of this enbodinent in step S3010

will be described next with reference to Fig. 10. The
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same step nunbers as in Fig. 4 denote the sane
processes in Fig. 10, and a description thereof wll

not be repeated.

[ 0130] In step S10040, the region detection wunit
120 calculates the shadow region I|ikelihood (inage
sensing clarity) of a selected vertical l|ine as a val ue
ranging from O to 1. For exanple, an inmage sensing

clarity Ri is calculated by

= 1g-Ky)
» - Y0/
1_2 IO

Y=Yo
(2)

For Ri <0, Ri = 0 is set, where yo is a predeterm ned
y-coordi nate value, Yy is the maximum value of y-
coordinate, 1o is the threshold, and I (y) is the
| umi nance value of a pixel having a y-coordinate Y on
the selected vertical Iline. For exanple, the mninum
val ue of y-coordinate is used as yo. For exanple, the
average value of all pixels of the imge sensing region
is calculated in advance and used as lo.
[0131] In other words, the inmage sensing clarity
is a value obtained by dividing the sum of the
differences between the threshold and the pixel values
of the pixels of the selected vertical I|ine
sequentially selected from the tonographic imge by the
product of the threshold and the number of pixels of
the selected vertical Iline (when yo = 0). Wen the

selected vertical I|ine forms a shadow region, the pixel
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value | (y) of a pixel included in the selected vertical
line is relatively small. As a result, Ri has a large
val ue .
[0132] In step S10050, the region detection unit

120 sets the pixel value of each pixel of a line of the
mask image corresponding to the selected vertical |Iline
based on the image sensing clarity obtained in step
S10040 for the selected vertical |ine. For exanpl e,
the pixel value of each pixel of the line of the mask
i mage corresponding to the selected vertical Iline is
set to the inage sensing clarity obtained in step
S10040 for the selected vertical |ine.

[0133] In step S10060, the region detection unit
120 determnes whether all vertical |I|ines have been
selected in step S$S4030. I f an unselected vertical |line
exi sts upon determ nation, the process returns to step
S4030. If all vertical |I|ines have been selected, the
process advances to step S10070.

[0134] In step S10070, the region detection unit
120 perfornms inverse conversion of equations (1) for
the mask image. Note that when a linear probe is used
as the image sensing unit of an ultrasonic inage

di agnosi s apparatus 190, this step is unnecessary.
[0135] In step S10080, the region detection unit
120 outputs, to the image conposition wunit 140, the
mask inmage representing the unclear inmage sensing

region and its imge sensing clarity obtained by the
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above-descri bed processing. The above-descri bed
processing allows to detect the unclear image sensing
region from the obtained tonographic inmage and
calculate its inmage sensing clarity.

[ 0136] Processing to be executed by the image
conposition wunit 140 of this enbodinment in step S3030
will be described next with reference to Fig. 11. In
step SII OO0, the inmage conposition wunit 140 receives
the obtained tonographic image from a data input unit
110 and the mask image representing the unclear imge
sensing region and its imge sensing clarity from the
region detection wunit 120. The image conposition unit
140 also receives a generated tonographic inmage from an

i mage generation unit 130.

[0137] In step SITAO the image conposition wunit
140 selects, as a selected pixel, an unselected pixel
of the obtained tonographic inmage. In step S11020, the

i mmge conposition wunit 140 conposes the pixel value of
the selected pixel with the pixel value at the
corresponding pixel position of the generated
tonographic image based on the pixel value at a pixel
position of the mask image corresponding to the

sel ected pixel. For exanple, if the pixel value at the
pi xel position of the mask image corresponding to the
selected pixel is ai, a pixel value |4 of the selected
pi xel and a pixel value I4 at the corresponding pixel

position of the generated tonographic image are
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conposed by
I = (1 - (Xi)lg + 410 )
where | is the pixel value as the conposition result of
the pixel values 15 and I4,. The imge conposition unit

140 replaces the pixel value 15 of the selected pixel

with the pixel value | obtained by the conposition
process. This conposition process enables to conpose
the obtained tonpgraphic imge with the generated

t onogr aphi ¢ imge at a conposition ratio ot .

[0138] In step S11030, the image conposition wunit

140 determines whether all pixels in the obtained

t onogr aphi ¢ i rage have been selected in step SIIAOQO

I f an unselected ©pixel exists upon determnation, t he
process returns to step SIIAO If all pixels in the
obt ai ned tonopgraphic i rage have been selected, t he

process advances to step S11040.

[0139] In step $S11040, the inmmge conposition unit
140 outputs the obtained tonopgraphic i mrage updated by
the processing in steps SIIO0O to S11030 as the
conposite image of the obtained tonographic i mage and
the generated tonographic i mage. The above-descri bed
processing enables to conpose the unclear inmage sensing
region in the obtained tonbpgraphic imge with the
generated tonographic image in accordance wth the
image sensing clarity.

[ 0140] As described above, according to this

enbodi nent it is possible to detect an unclear inmage
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sensing region in a tonographic inmage and conpose it,
in accordance with its inmage sensing clarity, with a
tonographi ¢ inmage generated based on three-di nensional
volume data. This allows to conplenent the unclear

i mage sensing region based on the three-di nensional
volume data w thout inpeding observation of a clear

i mage sensing region in the tonographic inmge. Note
that in this enbodinent, a case has been described in
which a shadow region is handled as an unclear inmage
sensing region. However, the unclear inmage sensing
region is not limted to the shadow region and may be a
posterior echo region.

[0141] [Fifth Enbodi ment]

In this enbodinment, the inmage sensing clarities
of regions of an obtained tonographic inage are
calculated using a plurality of nmethods corresponding
to the properties of the unclear inmage sensing regions.
In accordance with the image sensing clarities, the
obt ai ned tonographic image is conposed with a generated
tonographi ¢ i mage generated based on three-di nensional
vol une data. Note that in this enbodinent, a case wll
be described in which a shadow region and a posterior
echo region are handled as unclear inmage sensing
regions, and three-dinensional volune data is handled
as three-di nensional i mage dat a.

[0142] This enbodinment wll be described below

regarding only portions different from the first
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enmbodi ment . Note that the arrangement of an inmage
processi ng apparatus according to this enbodinent is
the sane as in Fig. 1 except only the functions of a
region detection unit 120 and an image conposition unit
140. In this enbodinment, the region detection wunit 120
calculates the image sensing clarity of a region in an
obt ai ned tonographic inage.

[0143] Processing to be executed by the region
detection wunit 120 of this enbodinent in step S3010
will be described next with reference to Fig. 12. In
step S12000, the region detection unit 120 acquires an
obt ai ned tonographic inmage from a data input wunit 110.
In step S12010, the region detection unit 120 generates
two inmages each having the sane size as that of the
obt ai ned tonographic image received in step S12000.

One of the images will be referred to as a first mask
imge, and the other will be referred to as a second
mask image. Note that the pixel values of all pixels
of the mask images are set to 0.

[ 0144] In step S12020, the region detection wunit
120 converts the inmage sensing region of the obtained
tonmographic imge into a rectangle, and perforns the
sane conversion for the first mask image and the second
mask image. Wien a convex probe is used as the inmage
sensing unit of the ultrasonic imge diagnosis
apparatus, the image sensing region is converted into a

rectangle by, e.g., equations (1). Wwen a linear probe
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is used as the inmage sensing unit of the ultrasonic
i mmge diagnosis apparatus, the image sensing region is

rectangular, and this step is unnecessary.

[ 0145] In step S12030, the region detection wunit
120 selects, as a selected vertical Iline, an

unprocessed vertical line in the rectangle region of
the obtained tonographic image. In step S12040, the

region detection wunit 120 calculates the shadow region
i kelihood (first image sensing clarity) of the
selected vertical line as a value ranging from O to 1.
For example, a first image sensing clarity Ri is

cal culated by equation (2) . For R, < 0, Ri = 0 is set.
[ 0146] In step S12050, the region detection wunit
120 sets the pixel value of each pixel of a line of the
mask inmage corresponding to the selected vertical |line
based on the first image sensing clarity Ri obtained in
step S12040 for the selected vertical line. For

exanmpl e, the pixel value of each pixel of the |ine of
the mask image corresponding to the selected vertical

line is set to the first image sensing clarity Ri

obtained in step S12040 for the selected vertical Iine.
[0147] In step S12060, the region detection wunit
120 determ nes whether all vertical lines have been
selected in step S12030. If an unsel ected vertical

line exists upon determ nation, the process returns to
step S12030. If all vertical 1|ines have been selected,

the process advances to step S12070.
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[0148] In step S12070, the region detection unit
120 detects a posterior echo region in the inmage
sensing region of the obtained tonographic inmage. At
this tine, the region detection wunit 120 calculates the
posterior echo region likelihood (second imge sensing
clarity) as a value ranging from O to 1.

[0149] For exanple, wusing a nethod based on
vertical edge detection disclosed in reference 2, a
tunmor candidate region serving as a part region of
interest is detected first from the inmage sensing
region converted into a rectangle. Next, a rectangle
region including the tunor candidate region is set.
Three regions as shown in Fig. 13 are set behind
(under) the rectangle region. A region that conbines
the central region (the region inmrediately under the
tunmor candidate region) and a rectangle region behind
(under) the tunor candidate region is the posterior
echo region. Based on the average |um nance value of
the left region and the right region (the average

| um nance value of regions adjacent to the left and
right sides of the region immediately under the tunor
candidate region) and the average |um nance value of
the central region, a second inmage sensing clarity R

is calculated by
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_ Ic — Iy

R2_Imax—Ilr

(when 1i, < 1.) (4

where 1i, is the average |um nance value of the left
and right regions, I, is the average |um nance value of
the central region, and | x is the maxi num value that
the [um nance value can take. That is, these equations
obtain a value by dividing the difference between I,

and 1i, by 1i, or the difference between | and 1

max r-

[ 0150] In step S12080, based on the second inmage
sensing clarity R, calculated in step S12070, the
region detection wunit 120 sets the pixel value of each
pi xel of a region of the second mask inmage
corresponding to the posterior echo region detected in
step S12070. For exanple, the pixel value of each

pi xel of the region of the second mask inmage
corresponding to the posterior echo region detected in
step S12070 is set to the second image sensing clarity
R, calculated in step S12070.

[0151] In step S12090, the region detection wunit
120 perforns inverse conversion of equations (1) for
the first mask inmage and the second mask image. Note
that when a linear probe is used as the inmage sensing
unit of the ultrasonic imge diagnosis apparatus, this
step i s unnecessary.

[0152] In step S12100, the region detection wunit

120 outputs, to the inmage conposition wunit 140, the
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first mask image and the second mask inmage obtained by
the processing in steps S12000 to S12090. The above-
described processing allows to detect the unclear inmage
sensing regions having different properties from the
obt ai ned tonographic image and calculate their inmage
sensing clarities.

[ 0153] Processing to be executed by the inmage
conposition wunit 140 of this enbodinment in step S3030
will be described next with reference to Fig. 14. In
step S14000, the image composition wunit 140 receives
the obtained tonographic image from the data input unit
110 and the first and second mask images representing
the unclear image sensing regions and their inmage
sensing clarities from the region detection unit 120.
The inmage conposition wunit 140 also receives a

generated tonographic image from an image generation

unit 130.

[ 0154] In step S14010, the inmage conposition wunit
140 selects, as a selected pixel, one unselected pixel
of the obtained tonographic inage. In step S14020, the

i mge conposition wunit 140 decides the pixel value of
the selected pixel. More specifically, the image
conposition wunit 140 conposes the pixel value of the
selected pixel with the pixel value at the

correspondi ng pixel position of the generated
tonographic inmage based on the pixel value Ri at a

pi xel position of the first mask inmage corresponding to
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the selected pi xel and the pixel value R, at a pixel
posi tion of the second mask inmage corresponding to the

sel ected pi xel .

[ 0155] For exanpl e, if Ri = o, and R, = O,, a
pi xel value |5 of the selected pi xel and a pixel val ue
Ig at the corresponding pi xel posi tion of the generated
t onogr aphi c image are conposed by

I = (1 - §) (1 - 0G)lg + (Oi + o0c, - (Xi(X)1lg ... (5)
where | is the pixel value as the conposition result of
the pixel values |4 and 14. The image conposition unit
140 repl aces the pixel value 1; of the selected pi xel
with the pixel value | obtained by the conposition
process. This conposition process enabl es t o conpose
t he obtained t onogr aphi c imge wth the generated
t onogr aphi c image at conposition ratios qdi and d,.
[0156] In step S14030, the image conposition uni t
140 determ nes whet her all pixels in the obtained
t onogr aphi c i mrage have been selected in step $S14010.
I f an unsel ected pi xel exists upon determ nation, t he
process returns to step S14010. If all pixels in the
obt ai ned t onogr aphi c i mrage have been selected, t he

process advances to step S14040.

[0157] In step S14040, the inmage conposition uni t
140 outputs the obtained t onogr aphi c i mage updated by
the processing in steps S14000 to S14030 as the

conposite imge of the obtained t onogr aphi c i rage and

the generated t onogr aphi c i mage. The above-descri bed
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processing enables to conpose the unclear imge sensing
region in the obtained tonographic imge with the
generated tonographic inmage in accordance wth the
i mge sensing clarity.
[ 0158] As described above, according to this
enbodi ment, it is possible to detect wunclear inmage
sensing regions in a tonographic imge by a plurality
of methods and conpose them in accordance with their
imge sensing clarities, with a tonographic inmage
generated based on three-dinmensional volune data. This
allows to conplement the unclear inmage sensing regions
based on the three-dinensional volunme data wthout
i npedi ng observation of a clear inmage sensing region in
the tonographic image. Note that in this enbodinment, a
posterior echo region is detected after detection of a
shadow regi on. However, the regions nay be detected in
a reversed order or in parallel
[0159] [ Sixth Enbodi nment ]

In this enbodinent, the image sensing clarity of
a region of an obtained tonographic inmage is calculated
using a nmethod corresponding to the property of the
unclear image sensing region. In addition, based on
t he three-di nmensional reliability distribution of
t hr ee- di mensi onal i mge data, the reliability
distribution in a tonographic inage generated based on
t he three-di mensi onal i mage data is cal cul ated. An

obtai ned tonographic image and a generated tonographic
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i mage are conposed based on the inmage sensing clarity
of the obtained tonographic imge and the reliability
distribution in the generated tonographic imge. Note
that in this enbodinent, a case will be described in
which a shadow region is handled as an unclear inmge
sensing region, and three-dinensional volune data is
handl ed as three-di nmensi onal i mage dat a.

[ 0160] This enbodinment will be described below
regarding only portions different from the fourth
enbodi nent . Note that the arrangement of an inage
processing apparatus according to this enbodinment is
the same as in Fig. 1 except only the functions of an
i mage generation wunit 130 and an inmage conposition unit
140. In this enbodinment, the inmage generation wunit 130
calculates the reliability distribution in a generated
tonographic imge based on the three-di nmensional
reliability distribution of three-dinensional volune
dat a.

[0161] Processing to be executed by the inmage
generation wunit 130 of this enbodinment in step S3020
will be described next with reference to Fig. 15.

[0162] In step S15000, the inmage generation wunit
130 receives, from a data input unit 110, three-

di nensi onal volune data, the three-di nensional
reliability distribution of the three-dinensional

volunme data calculated in advance, and the position and

orientation information of an obtained tonographic
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image on the reference coordinate system

[0163] The three-dinensional volunme data is
reconstructed from a tonographic imge group obtained
by an ultrasonic inmage diagnosis apparatus 190. Hence,
the reliability is not uniform between the voxels of

t he three-di nensi onal vol une dat a. For exanple, a
region where the tonographic imges are obtained
densely while slowy noving the ultrasonic probe has a
high reliability. On the other hand, a region where
the tonographic imges are obtained coarsely while
noving the ultrasonic probe at a high speed has a |ow
reliability. For exanple, the nunber of tonographic

i mages used upon reconstructing the voxel values of the
t hree-di mensional volunme data from the tonographic
image group is divided by the maxi num value of the
nunber of used tonographic inmages, and the quotient is
normalized within the range of 0 to 1. The resultant
value is defined as a reliability L, of each voxel.
[0164] In step S15010, based on the position and
orientation information acquired in step S15000, the

i mage generation wunit 130 generates a tonographic image
by extracting, from the three-dinensional vol une dat a,
an imge of the sane slice as that of the obtained
tonographic image acquired by the data input unit 110.
[0165] In step S15020, the image generation unit
130 calculates a reliability L, of each pixel of the

generated tonographic image based on the reliability L,
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of each voxel wused to generate the pixels of the
generated tonographic imge. For exanple, when the
val ue of each pixel is set to the value of the nearest
voxel, the reliability L, of a given pixel is set to
the reliability L, of the nearest voxel.

[0166] In step S15030, the inmge generation wunit
130 outputs, to the inmage conposition wunit 140, the
generated tonographic inmage and the reliabilities
(reliability distribution) of the pixels of the
generated tonographic imge. The above-described
processing enables to calculate the generated
tonographic image and the reliability distribution of
it.

[0167] Processing to be executed by the inmage
conposition wunit 140 of this enbodinent in step S3030
will be described next with reference to Fig. 16. In
step S16000, the inmage composition wunit 140 receives
the obtained tonographic image from the data input unit
110 and a nmask inmage representing an unclear inmage
sensing region and its image sensing clarity from a
region detection wunit 120. The image conposition unit
140 also receives the generated tonographic imge and

its reliability distribution from the inmage generation

unit 130.
[0168] In step S16010, the inage composition wunit
140 selects, as a selected pixel, an unselected pixel

of the obtained tonographic inage. In step S16020, the
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i mage conposition unit 140 conposes the pixel value of
the selected pixel wth the pixel value at the
corresponding pixel position of the generated
tomographic inage based on the reliability at a pixel
position of the generated tonographic image
corresponding to the selected pixel and the pixel value
at a pixel position of the mask image corresponding to
the selected pixel. For exanple, assune that the
reliability at the pixel position of the generated
tomographic inage corresponding to the selected pixel

is Ly, and the pixel value at the pixel position of the
mask image corresponding to the selected pixel is (x.
In this case, a pixel value I3 of the selected pixel

and a pixel value I4 at the corresponding pixel

position of the generated tonographic imge are

conposed by

I = (1 - (]in)Is + OCilplg ..- (6)
where | is the pixel value as the conposition result of
the pixel values 1[5 and lg- The inmage conposition unit

140 replaces the pixel value |4 of the selected pixel

with the pixel value | obtained by the conposition
process
[0169] In step S16030, the inmage conposition unit

140 determnes whether all pixels in the obtained
tomographic inage have been selected in step S16010.
If an unselected pixel exists upon determ nation, t he

process returns to step S16010. If all pixels in the
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obt ai ned tonographic inage have been selected, the
process advances to step S16040.

[0170] In step S16040, the imge conposition wunit
140 outputs the obtained tonographic imge updated by
the processing in steps S16000 to S16030 as the
conposite image of the obtained tonographic inage and
the generated tonographic inmage. The above-described
processing enables to conpose the obtained tonographic
imge wth the generated tonographic inmage in
accordance with the image sensing clarity of the

uncl ear inmage sensing region of the obtained
tonmographic inmage and the reliability distribution of

t he generated tonographic inage.

[0171] As descri bed above, according to this

enbodi nent, it is possible to conpose an obtained
tonmographic inage with a generated tonographic image in
accordance with the inmage sensing clarity of an unclear
i mage sensing region of the obtained tonographic inage
and the reliability distribution of the generated
tonmographic inmage. This allows to conplenment the

uncl ear inmage sensing region based on the three-

di mensi onal volune data w thout inpeding observation of
a clear imge sensing region in the tonographic inmage.
Note that in this enbodinent, a case has been described
in which a shadow region is handled as an unclear inmage
sensing region. However, the unclear imge sensing

region is not limted to the shadow region and nay be a
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posterior echo region.
[0172] [ Seventh Enbodi nment]
(First Modification)

In the above enbodi nents, an exampl e has been
described in which the ultrasonic inage diagnosis
apparatus 190 is used as a nedical inage collection
apparatus for obtaining a tonographic inmage. However,
the nmedical image collection apparatus for obtaining a
tomographic image is not limted to this. For exampl e,
the nethods of the above-described enbodinents are
applicable even when a nedical imge collection
apparatus capable of obtaining a tonographic image,
such as a magnetic resonance inmaging apparatus (Ml),
X-ray conputerized tonography apparatus (X-ray CT) , or
optical coherence tonography (OCT) is used.

[0173] (Second Modification)

In the above enbodi ments, an exanmple has been
described in which the ultrasonic inage diagnosis
apparatus 190 obtains a tonographic image. However
the data acquired by the medical inmage collection
apparatus is not limted to this. For exanple, the
met hods of the above-described enbodinents are
applicable even when acquiring an MPR (Milti Planar
Reformat) image using a three-dinensional ul trasonic
pr obe. That is, the nethods of the above-described
enbodi mrents are directly applied to each of a plurality

of slices.



WO 2010/113633 PCT/JP2010/054465
- 58 -

[0174] (Third Modification)

In the above enbodinents, an exanple has been
described in which sequenced |uninance value data
reconstructed in advance from a tonographic image group
obtained by previously causing the ultrasonic inage
di agnosis apparatus 190 to sense the object is used as
t hr ee- di nensi onal i mage dat a. However, the three-

di mensi onal image data to be used is not linmted to
this. For exanple, three-dinmensional volune data
acquired using a three-di nensional ultrasonic probe my
be used. Alternatively, sequenced |um nance value data
reconstructed in advance from a tonographic inmge group
obtained by previously causing a magnetic resonance

i mging apparatus (MI), X-ray conputerized tonography
apparatus (X-ray CT) , or optical coherence tonography
(CCT) to sense the object may be used. The sequenced

| um nance value data may be converted into sequenced

| um nance value data |like data obtained by an
ultrasonic inmage diagnosis apparatus. Thr ee-

di mensional CG data such as a standard geonetric nodel
my be used.

[0175] Note that not the sequenced |um nance val ue
data reconstructed in advance from a tonographic inmage
group obtained previously by imge sensing but
sequenced |unmi nance value data reconstructed in real
time from a tonpographic inmage group obtained in real

time by image sensing nmy be used. In this case, the
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| atest obtained tonographic inmage may be excluded form
the tomographic image group to be used to reconstruct

t he sequenced |um nance value data.

[0176] The tonographic inmage group obtained in
advance or in real time by imge sensing may directly
used as the three-dinensional i mmge data w thout
reconstructing sequenced |um nance value data from it.
In this case, the generated tonographic imge having
alnost the sane slice as that of the obtained
tonographic inmage is directly generated using, for
example, a method disclosed in the follow ng reference.
[0177] R.W. Prager, A.H. CGee, and L. Berman,
"Stradx: real-time acquisition and visualisation of
freehand 3D ul trasound, " Technical report CUED F-

I NFENG TR 319, Canbridge University Department of

Engi neering, April 1998.

[0178] (Fourth Modification)

In the above enbodi nments, a case has been
described in which an unclear inmage sensing region is
detected from the obtained tonographic inmage, and the
detected region is conplenented based on three-

di rensi onal vol une dat a. However, if the unclear inage
sensing region is known, the processing of detecting it
i s unnecessary. For exanple, when the piezoelectric
element (oscillator) of the ultrasonic probe is
partially broken, a specific region of the inmage

sensing region is always unclear because of the
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| um nance |ower than usual, |ike a shadow region. In
this case, the specific region is, e.g., manually
designated in advance, and the sanme processing as that
for the shadow region in the above-described

enbodi nents is performed for the designated region. At
this tinme, the image sensing clarity of the unclear

i mage sensing region may be calculated in advance, and
conposition of the unclear inmage sensing region may be
done based on the inmage sensing clarity.

[0179] (Fifth Mbdification)

In the above enbodi nents, a case has been
described in which an unclear inmage sensing region in
the obtained tonographic inmage is conplenented based on
t hree-di nensi onal volume data. However, even the clear
i mge sensing region may be mxed with the pixel values
of the generated tonographic imge at a ratio not to
i npede observation of the region. For exanple, all the
pi xel values of a region of the mask inmage where the
pi xel values are 0.1 or less are replaced with 0.1.
After that, the pixel values of the obtained
tonmographic image and those of the generated
tonmographic imge are mxed based on equation (3) in
step S11020 or equation (5 in step S14020. This makes
it possible to grasp the overview of the generated
tonmographi ¢ image w thout inpeding observation of the
cl ear image sensing region.

[0180] (Sixth Modification)
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In the first enbodinment, the clear inmage sensing
region and the unclear inmage sensing region may be
displayed in different display attributes. For exanpl e,
the clear inmage sensing region may be displayed in blue
of 256 tones, and the unclear inmage sensing region may
be displayed in red of 256 tones. Only the unclear
i mage sensing region may be blink. The boundary Iline
between the clear inmage sensing region and the unclear
i mage sensing region may be drawn.

[0181] That is, any display form can be adopted to
di splay the conposite image as far as the unclear inmage
sensing region and other regions are displayed
discrimnately . This makes it possible to grasp the
clear image sensing region and the unclear imge
sensing region wthout any confusion.

[0182] (Seventh Mbdification)

In the third enbodi nent, the unclear inmage
sensing regions may be displayed in different display
attributes in accordance wth their properties. For
exanple, a shadow region may be displayed in red of 256
tones, and a posterior echo region may be displayed in
green of 256 tones. That is, any display form can be
adopted to display the unclear inmage sensing regions as
far as the unclear inmage sensing regions of different
types are displayed discrimnately. At this time, the
clear image sensing region may be displayed in blue of

256 tones.
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[ 0183] The color nmixing ratio my be changed in
accor dance with the inage sensing clarity, i.e., the

pi xel value of the mask inmage. I f the pixel value of

the first mask image representing a shadow region is oci,

and the pixel value of the second mask inage
representing a posterior echo region is O,, the mxing
ratio B : R : G of blue, red, and green can be

cal cul at ed by, e.g.,

B:R G=(l-a,)(I-ay: a1 @ +a:"ai%) a2 @+ & a1

x, +a, a,ta,
(7)
That is, any display form can be adopted to
display the conposite imge as far as its pixel values
are displayed in display forns according t o val ues
correspondi ng to the imge sensing clarity and
reliability. Al or some of the above-described
ermbodi nent s and nodifications may be conbined as needed.
[0184] [Ei ghth Enbodi nment]
An inmage processing appar at us accordi ng to this
ermbodi nent tinme-serially (conti nuously in terms of
tinme) acquires t onogr aphi c imges of an object from an
ul trasonic i mage di agnosi s appar at us, and reconstructs
the three-dinensional shape data of the object based on
the obtained t onogr aphi c i mge group. At this time, a
t onogr aphi c i mage obtai ned i mredi ately after the
ul trasonic probe has been brought into contact with the

object and a tonographic i mage obtai ned i mredi ately
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before the contact is canceled (imediately before the
noncontact) are processed using a nethod different from
that for remaining tonographic images. This reduces
the influence of deformation caused by the probe
pressure .

[ 0185] The tonographic imge obtained inmediately
after the contact need not always be a single
tonmographic inmage but may include a designated nunber
of tonographic images. Al tonographic images obtained
after the contact until the probe noves by a

predeterm ned distance and/or angle may be handled as
the tonographic inages imediately after the contact.
Note that the novenent of the probe can be neasured by
a position and orientation sensor to be described later..
The tonographic inage obtained imediately before the

noncontact need not always be a single tonographic

imge, |like the tonmographic inmage imediately after the
cont act
[0186] In this enbodi nent, volune data that stores

a lum nance value in each voxel of a three-dinensional
voxel nmesh (to be referred to as sequenced | um nance
value data hereinafter) is reconstructed as three-

di mensi onal shape data. This enbodinent wll be

expl ai ned bel ow.

[0187] An exanple of the functional arrangenment of
the image processing apparatus according to this

embodi nent will be described first with reference to
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Fig. 18. As shown in Fig. 18 an inage processing
apparatus 5100 according to this enbodi nent includes a
data input unit 5110, data storage unit 5120, position
and orientation <calculation unit 5130, contact

determ nation unit 5140, deformation determ nation wunit
5150, deformation correction wunit 5160, and three-

di nensi onal shape reconstruction wunit 5170. An
ultrasonic inmage diagnosis apparatus 5190 serving as a
nmedi cal image collection apparatus for obtaining a
tonographic image is connected to the inmage processing
apparatus 5100.

[0188] The ultrasonic inmage diagnosis apparatus
5190 tinme-serially obtains tonographic inmages of an
object. An ultrasonic probe 5195 configured to acquire
a tonographic image group is connected to the
ultrasonic inmage diagnosis apparatus 5190. Tonographic
i mge sensing is done by bringing the ultrasonic probe
5195 into contact with the object. The tonographic

i mmge group obtained by the ultrasonic inmage diagnosis
apparatus 5190 is input to the inage processing
apparatus 5100 via the data input unit 5110. A
position and orientation sensor is attached to the
ultrasonic probe 5195 to neasure the position and
orientation of the ultrasonic probe, as in the first
enmbodi nent . In this enbodinent as well, any nethod
capable of acquiring the position and orientation of

the ultrasonic probe 5195 is usable. In all nethods,
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the position and orientation information of the
ultrasonic probe 5195 is input to the inmage processing
apparatus 5100 via the data input unit 5110. The
position and orientation information of the ultrasonic
probe 5195 is expressed by a position and orientation
on the above-described reference coordinate system
Note that the position and orientation of the
ultrasonic probe 5195 may be input by the operator
using a user interface such as a keyboard or nouse (not
shown)

[0189] The data input unit 5110 tine-serially
receives, from the ultrasonic inmage diagnosis apparatus
5190, tonographic inages and the position and
orientation information of the ultrasonic probe 5195 at
the point of tine the tonographic inages have been
obtained. The data input unit 5110 converts each input
tomographic image into digital data as needed, and
stores the data in the data storage unit 5120 in
association with the position and orientation
information of the ultrasonic probe 5195 at the point
of time the tonographic image has been obtained.

[0190] The position and orientation calculation
unit 5130 reads out the position and orientation
information of the ultrasonic probe 5195 from the data
storage unit 5120. The position and orientation
calculation wunit 5130 also reads out the "position and

orientation information of a tonmographic inmage on an
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ul trasonic probe coordinate systenm, which is
calculated in advance and managed in the data storage
unit 5120. Using the position and orientation
information, the position and orientation calculation
unit 5130 calculates the position and orientation
informati on of the tonographic image on the reference
coordinate system and stores it in the data storage
unit 5120. The ultrasonic probe coordinate system is a
coordi nate system whose origin is defined at one point
on the ultrasonic probe 5195 and whose X-, Y-, and Z-
axes are defined as three axes that cross at right

angl es at that origin.

[0191] The contact deternmination wunit 5140 reads
out a tonographic imge from the data storage unit 5120,
and using the readout tonographic imge, determnes the
presence/ absence of contact between the ultrasonic
probe 5195 and the object at the sensing tinme of the
tonmographic image. The contact determination wunit 5140
stores information representing the determ nation

result (presence/ absence of contact) in the data
storage unit 5120.

[0192] The deformation determination wunit 5150
reads out, from the data storage unit 5120, a
tonmographic inmage and information representing the
presence/ absence of contact determ ned using the
tomographic image. The deformation determnation wunit

5150 determ nes, using the readout tonographic inmage
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and information representing the presence/ absence of
contact, whether the tonographic inmage is a tonographic
image (slightly deformed tonographic image) having
slight deformation caused by the pressure of the
ultrasonic probe 5195 or a tonographic image (deforned
t onographic inmage) having |arge deformation. The
deformation determnation wunit 5150 stores information
representing the determination result in the data
storage unit 5120.

[0193] The deformation correction unit 5160 reads
out, from the data storage unit 5120, a tonographic
imge, the position and orientation information of the
tonographic inmage on the reference coordinate system
and information representing the result of
determination perforned for the tonographic imge by
the deformation determ nation unit 5150. The
deformation correction wunit 5160 corrects deformation
of the deformed tonographic inmage based on the pieces
of readout information, and stores, in the data storage
unit 5120, the tonographic inmage that has undergone the
deformati on correction. Note that the tonographic

i mage that has undergone the deformation correction
will be referred to as a corrected tonographic inmage
herei nafter.

[0194] The three-di mensi onal shape reconstruction
unit 5170 reads out, fromthe data storage unit 5120, a

slightly deformed tonographic inmage group, a corrected
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t onographic image group, and their position and
orientation information on the reference coordinate
system  The three-di nmensional shape reconstruction
unit 5170 reconstructs sequenced |um nance value data
using the pieces of readout information, and outputs
the data to an external device.
[0195] The data storage unit 5120 stores the
foll ow ng data.
[ 0196] (1) Tinme-serially acquired tonographic
i mmges of an object and information about them

(1-1) Tonographic inmages of the object input
fromthe data input unit 5110

(1-2) The position and orientation information
of each tonographic image on the reference coordinate
system which is input from the position and
orientation calculation wunit 5130

(1-3) Information representing the
presence/ absence of contact input from the contact
determ nation wunit 5140

(1-4) Information representing the result of
determ nation by the deformation determnation wunit
5150, which is input from the deformation determnation
unit 5150

(1-5) Corrected tonographic imges input from
the deformation correction wunit 5160

(2) The position and orientation information of

each tonographic inmage on the ultrasonic probe
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coordinate system which is calculated in advance

These data are input/output to/from the data
storage unit 5120 as needed. Note that at |east some
of the data input unit 5110, data storage unit 5120,
position and orientation calculation wunit 5130, contact
determination wunit 5140, deformation determ nation unit
5150, defornmmtion <correction unit 5160, and three-
di mensi onal shape reconstruction wunit 5170 shown in Fig.,
18 may be inplenented as independent devices.
Al ternatively, the units may be inplenented as software
applications which are installed in one or a plurality
of conputers and executed by the CPUs of the conputers
to inplenent corresponding functions. In this
enbodi ment, the units of the inmage processing apparatus
5100 are assuned to be inplenented as software and
installed in a single conputer. As the conputer, a
computer having the configuration exanmple shown in Fig.
2 is applied, as in the first enbodi nment.
[0197] Processing to be executed by the image
processing apparatus 5100 according to the enbodi nent
W ll be described next with reference to Fig. 19. Note
that in the following explanation, the units shown in
Fig. 18 are the entities of processing. In this
enbodi nent , however, a CPU 1001 executes conputer
progranms corresponding to the units, as described above..
Hence, the CPU 1001 is the entity of processing in fact

[0198] As described above, the ultrasonic image
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di agnosi s apparatus 5190 sequentially outputs the
tonographic imges of the object, and the position and
orientation information of the ultrasonic probe 5195 at
the points of tinme the tonographic inmages have been

obt ai ned. Hence, in step S53000, the data input unit
5110 sequentially acquires the tonographic inmages of
the object, and the position and orientation

information of the ultrasonic probe 5195 at the points
of time the tonographic inages have been obtained, and
stores the data in the data storage unit 5120.

[0199] Next, the position and orientation
calculation wunit 5130 reads out the position and
orientation information of the ultrasonic probe 5195
fromthe data storage unit 5120. The position and
orientation calculation unit 5130 also reads out the
"position and orientation information of a tonographic
imge on the ultrasonic probe coordinate systent, which
is calculated in advance and stored in the data storage
unit 5120. Using the pieces of position and

orientation information, the position and orientation
calculation wunit 5130 calculates the position and
orientation information of the tonographic imge on the
reference coordinate system and stores it in the data
storage unit 5120.

[ 0200] In step S53010, the contact determ nation
unit 5140 determ nes the presence/ absence of contact

(contact or noncontact) between the ultrasonic probe
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5195 and the object at the imge sensing time of each
t onographic image based on the tonographic inmage group
stored in the data storage unit 5120 in step S53000.
The contact determ nation wunit 5140 stores, in the data
storage unit 5120, information representing the
presence/ absence of contact at the image sensing tine
of each tonographic image. Note that the process in
this step will be described later in detail wth
reference to the flowhart of Fig. 20.

[ 0201] In step S53020, for each of the tonographic
i mages obtained in step S53000, the deformation

determ nation wunit 5150 determ nes, based on the
contact determ nation result obtained in step S53010,
whet her the tonographic imge is a slightly deforned
tonmographic inmage or a deformed tonographic inmage.
More specifically, the deformation determination unit
5150 determines a tonographic inage obtained
imediately after the contact and that obtained

i medi ately before cancel of the contact as slightly
def ormed tonographic images, and remaining tonographic
i mmges as deformed tonographic images. The deformation
determ nation wunit 5150 stores, in the data storage
unit 5120, information representing the determ nation
result of each tonobgraphic inmage.

[ 0202] In step S53030, the deformation correction
unit 5160 perforns deformation correction processing

for the tonographic images determned as defornmed



WO 2010/113633 PCT/JP2010/054465
- 72 -

tonographic inmages in step S53020, thereby generating
corrected tonographic inmages. The deformation
correction unit 5160 stores the obtained corrected
tonographic images in the data storage unit 5120. Note
that the process in this step will be described Ilater
in detail with reference to the flowhart of Fig. 21

[ 0203] In step S53040, the three-dinmensional shape
reconstruction wunit 5170 reconstructs the sequenced

| umi nance value data of the object using the

t onographic image group (excluded from the correction
target) determned as slightly deformed tonographic
imges in step S53020 and the corrected tonographic

i mge group generated in step S53030. Note that the
process in this step will be described later in detail
with reference to the flowhart of Fig. 22

[ 0204] In step S53050, the three-dinensional shape
reconstruction wunit 5170 outputs the sequenced

| umi nance value data reconstructed in step S53040 to
the outside via an I/F 1009. Alternatively, t he
sequenced |um nance value data is stored in a RAM 1002
so as to be available for another application. The
above-descri bed processing allows to reconstruct three-
di nensi onal shape data based on the acquired

t onographic inmage group. The procedure of processing
to be executed by the contact determination wunit 5140
in step S53010 will be described next with reference to

the flowhart shown in Fig. 20. In step S54000, the



WO 2010/113633 PCT/JP2010/054465
- 73 -

contact determination unit 5140 reads out the
tonographic imge group from the data storage unit 5120.
In step S54010, the contact determnation wunit 5140
selects, as a selected tonographic inage, an unselected
tonographic image in the readout tonographic imge

gr oup.

[ 0205] In step S54020, the contact determ nation
unit 5140 converts the inmage sensing region of the

sel ected tonobgraphic image into a rectangle in
accordance with equations (1) . Note that when a I|inear
probe is used as the ultrasonic probe 5195, the inmage
sensing region is rectangular, and this step is
unnecessary.

[ 0206] In step S54030, for all vertical lines in
the rectangle region, the contact determ nation wunit
5140 sets a flag representing the contact state to "1"
that indicates contact. In step S54040, the contact

determnation wunit 5140 selects, as a selected vertical

line, an unselected vertical |ine in the rectangle
regi on.
[ 0207] In step S54050, the contact determ nation

unit 5140 determ nes whether the pixel values of all

pi xel s of the selected vertical line are smaller than a
threshold. The lumnance is not necessarily |ow near
the upper end portion of the image sensing region even
if the ultrasonic probe 5195 is not in appropriate

contact with the object surface. Not to use the upper
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end portion of the inmage sensing region, it may be
determ ned whether the pixel values of all pixels at y-
coordinates larger than a predetermi ned y-coordinate
value are smaller than the threshold. If all the pixel
values are smaller than the threshold upon

determ nation, the process advances to step S54060.

O herwi se, the process advances to step S54070.

[ 0208] Note that the processing of determ ning
whet her the pixel values of all pixels of the selected
vertical line are smaller than the threshold is not
limted to the above-described processing. For exanpl e,
the determnation may be done by checking whether the
average of the pixel values of all pixels of the
selected vertical Iline are equal to or smaller than a
threshold, and the variance of the pixel values is
equal to or smaller than a threshold.

[0209] ° In step S54060, the contact determ nation
unit 5140 sets the flag representing the contact state
of the selected vertical line to "0" that indicates
noncontact, and advances the process to step S54070.
In step S54070, the contact determ nation wunit 5140
determ nes whether all vertical |ines have been
selected in step S54040. I f an unsel ected vertical
line remains in the selected tonographic inmage upon
determ nation, the process returns to step S54040. | f
all vertical |I|ines have been selected in the selected

tonographic inmage, the process advances to step S54080.
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[0210] In step S54080, the contact determ nation

unit 5140 determnes whether the flags (flag val ues)

representing the contact states of all vertical Iines
are o. |If the flags representing the contact states of
all vertical lines are 0O upon determ nation, the

contact determ nation wunit 5140 determnes that the
ul trasonic probe 5195 and the object are not in contact .
Oherwise, it is determned that the ultrasonic probe
and the object are in contact.

[0211] In step S54090, the contact determ nation
unit 5140 determ nes whether a tonographic inmage yet to
be selected in step S54010 exists. I f an unsel ected
tonmographic inmage remains upon determnation, the
process returns to step S54010. If all tonographic
imges read out from the data storage unit 5120 in step
S54000 have been selected in step S54010, the process
advances to step S54100.

[0212] In step S54100, the contact determ nation
unit 5140 stores, in the data storage unit 5120,
information representing the result of determ nation
performed for each tonographic image in step S54080.
The above-described processing enables to determ ne
whet her the ultrasonic probe 5195 and the object are in
contact at the image sensing tine of each tonographic

i mage .

[0213] The procedure of processing to be executed

by the deformation correction unit 5160 in step S53030
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shown in Fig. 21. |In step S56000, the defornmation

correction unit 5160 receives, from the data storage
unit 5120, the tonographic imges, the position and
orientation information of each tonographic inmge on
the reference coordinate system and information
representing the result of determnation perfornmed for
each tonographic inmage by the deformation determ nation
unit 5150.

[ 0214] In step S56010, the deformation correction
unit 5160 specifies defornmed tonographic inmages out of
the tonographic image group by referring the
information representing the result of determnation
performed for each tonmographic inage by the deformation
determ nation wunit 5150. The deformation correction
unit 5160 selects, as a selected defornmed tonographic
i mge, an unselected deforned tonographic inage out of
the specified deformed tonographic inage group.

[ 0215] In step S56020, the deformation correction
unit 5160 estimates a deformation amount d(y) of the
sel ected defornmed tonographic imge corresponding to a
depth y from the body surface using, e.g., the nethod
disclosed in non-patent reference 5. The deformation
correction unit 5160 generates a corrected tonographic
i mage by correcting the deformation based on the
estimation result.

[0216] Note that the processing of generating the
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corrected tonographic inage is not limted to the
above-descri bed processing. For exanple, assumng that
the deformation caused by the pressure of the
ultrasonic probe 5195 is sinple rigid conversion
(translation) , the deformation anpbunt as a scal ar val ue
may be estimated and corrected. Alternatively, a
deformati on nodel nay be created using, as a paraneter,
the amount of body surface push by the pressure of the
ultrasonic probe 5195 so that the push amount is
estimated assuming that, for exanple, the body surface
is snooth, and the deformation is corrected based on
the deformation nodel. Wth the process of this step,
the initial value of the deformation amunt d(y) is
estimated, and a corrected tonographic inmage which has
undergone rough deformation correction is generated.
[0217] In step S56030, the deformation correction
unit 5160 determines intersection between the slightly
defornmed tonographic image group and the corrected

t onographic image which has undergone the rough
deformation correction processing in step S56020. To
determine the intersection, a nethod of searching for
the line of intersection by conparing the pixel values
of two images, as disclosed in, e.g., the followng
reference, is used.

[ 0218] R.F. Chang, WJ. w, DR Chen, WM Chen, Ww.
Shu, J-H Lee, and L-B. Jeng, "3-D US frame positioning

usi ng speckle decorrelation and image registration,
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Utrasound in Med. & Biol., Vol. 29, No. 6, pp. 801-812,
2003.

[0219] If it is determned that the corrected

tonographic image intersects one of the slightly
defornmed tonographic images, the process advances to
step S56040. O herwi se, the process advances to step
S56050. In step S56040, the deformation correction
unit 5160 updates the estimted deformation anount d(y)
of the corrected tonographic inmage by referring to the
slightly defornmed tonographic inmage that intersects the
corrected tonographic image. Mre specifically, the
deformation correction unit 5160 updates the estimated
deformati on amount d(y) of the corrected tonographic

i mmge by repeat calculation so as to maxim ze the
simlarity of pixel values on the line of intersection
of the two inmages. For exanmple, a deformation anount
candi date group is generated by nmultiplying the
estimated deformation anmount d(y) of the corrected
tonographic imge by several kinds of coefficients
close to 1.0. A candidate that maxim zes the
simlarity is selected from the candi date group,
thereby updating the estimated deformation amount. A
corrected tonographic image is generated again using
the obtained estimated deformation anount. An updated
flag is added to the generated corrected tonographic
imge. The generated corrected tonographic inmge wll

be referred to as an updated corrected tonographic



WO 2010/113633 PCT/JP2010/054465
- 79 -

i mage hereinafter.

[ 0220] In step S56050, the deformation correction
unit 5160 determines whether all defornmed tonographic
i mages have been selected in step S56010. I f an

unsel ected deforned tonographic inage exists upon
determ nation, the process returns to step S56010. | f
all defornmed tonographic inmages have been selected, the
process advances to step S56060.

[0221] In step S56060, the deformation correction
unit 5160 selects a corrected tonographic image w thout
an updated flag. That is, the deformation correction
unit 5160 selects a corrected tonographic inmage which
does not intersect any of the slightly deforned
tonographic images and whose estimated defornmation
anount has not been updated yet.

[0222] In step S56070, the deformation correction
unit 5160 updates the estimted deformation anpunt of
the selected corrected tonographic image based on the
estimated deformation anmount of the updated corrected
tonographic image. For exanple, let t be the inmage
sensing tinme of the selected corrected tonographic
image, ti be the image sensing time of an updated
corrected tonographic inmage obtained at the nearest
time before t, and d,(y) be the estimated deformation
anount of the updated corrected tonographic inmage
Also let t, be the inmage sensing time of an updated

corrected tonographic inmage obtained at the nearest
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time after t, and d,(y) be the estimated deformation
amount of the updated corrected tonographic image. R
new estimated defornmation anmount dl(y) of the selected

corrected tonographic image is calculated by

€2 - hai(,ur @ -tl)dﬁ ... (8)
t, - tg

am =

Note that the estimated deformation anount
updating is not limted to the above-described nethod.
For exanple, the new estimated deformation anount may
be calculated by, e.g., obtaining the average of the
estimated deformation anount d(y) before updating of
the selected corrected tonographic inmage and the
estimated deformation anmount dl(y) .

[ 0223] In step S56080, the deformation correction
unit 5160 determ nes whether all corrected tonographic
i mges w thout an updated flag have been processed. | f
the processing has not ended yet, the process returns
to step S56060. I f the processing has ended, the
process advances to step S56090.

[ 0224] In step S56090, the deformation correction
unit 5160 stores, in the data storage unit 5120, the
corrected tonographic inmage group obtained by the
processing in steps S56000 to S56080.

[ 0225] The above-described processing enables to
effectively correct the deformation of the deforned

t onographic inmage group based on the slightly deforned

t onographic image group having slight deformation.
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That is, using the slightly defornmed tonographic inmage
group as a reference wthout deformation correction
allows to obtain a corrected tonographic inmage group
with |ess inf[uence of deformation than in correcting
deformation of all tonobgraphic images wthout using a
ref erence .

[ 0226] The procedure of processing to be executed
by the three-di nensional shape reconstruction wunit 5170
in step S53040 will be described next with reference to
the flowhart shown in Fig. 22. In step S57000, the

t hr ee- di mensi onal shape reconstruction wunit 5170 reads
out, from the data storage unit 5120, a slightly
defornmed tonographic imge group, a corrected

t onographic inage group, and their position and
orientation information on the reference coordinate
system

[ 0227] In step S57010, the three-dinensional shape
reconstruction wunit 5170 generates a voxel nmesh forned
from e.g., 256 x 256 x 256 voxels to store sequenced
 um nance value data. The size of the voxel nesh is
set so as to store all tonographic inmages inside. For
a voxel mesh coordinate system for exanple, the origin
is defined at the central position of a given
tonmographic image, and three axes that cross at right
angles at that origin are defined to coincide wth
those of the reference coordinate system

[ 0228] In step S57020, the three-dinmensional shape
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reconstruction wunit 5170 calculates the position of
each pixel of each tonographic inmage on the voxel nesh
coordi nate system based on the position and orientation
informati on of each tonographic inmage on the reference
coordi nate system

[0229] In step S57030, the three-dinensional shape
reconstruction wunit 5170 reconstructs sequenced

| um nance value data, i.e., calculates the |um nance
values of all voxels. The |um nance value of each

voxel is calculated by, for exanple, obtaining the

wei ghted average of the |um nance values of a plurality
of pixels located near the voxel of interest by using
the reciprocal of the distance from the voxel to each
pi xel as a weight.

[0230] In step S57040, the three-dinmensional shape
reconstruction wunit 5170 outputs the sequenced

| um nance value data obtained in step S57030 to the
outside via the I/F 1009. Alternatively, the sequenced
| um nance value data is stored in the RAM 1002 so as to
be available for another application. The above-
described processing allows to reconstruct the
sequenced |um nance value data as three-di nensiona
shape data with slight distortion based on the
tonographic image group that has undergone deformation
correction.

[0231] As described above, according to this

enbodi nent, it is possible to reconstruct three-
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di mensi onal shape data with slight distortion based on
a tonographic image group by processing tonographic
images imediately after the ultrasonic probe 5195 has
cone into contact with the object and imediately

bef ore noncontact and renai ning tonographic inmages by
different nmethods. More specifically, in this

enbodi ment, a slightly deforned tonographic inmage group
which has a slight deformation caused by the pressure
of the ultrasonic probe 5195 is used as a reference

wi t hout correction. It is therefore possible to
reconstruct three-dinmensional shape data with |ess

i nfluence of deformation caused by the pressure of the
ul trasonic probe 5195 than in correcting deformation of
the tonographic image group w thout using a reference.
[0232] [N nth Enbodi nent]

In the eighth enbodinment, the volune data
(sequenced |um nance value data) of the object is
reconstructed as three-dinensional shape data. In the
ninth enbodi ment, the surface nodel (surface geonetric
nodel ) of an object is reconstructed as three-

di nrensi onal shape data. This enbodinment wll be

descri bed below regarding only portions different from
the eighth enbodinment.

[ 0233] The functional arrangenent of an inmage
processing apparatus 5800 according to this enbodi nent
will be described with reference to Fig. 23. Note that

the sane reference nunerals as in Fig. 18 denote the
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sane parts in Fig. 23, and a description thereof wll
not be repeated.

[ 0234] A position and orientation calculation unit
5830 reads out, from a data storage unit 5120, the
position and orientation of an ultrasonic probe 5195 on
the reference coordinate system and the position
information, which is calculated and stored in advance,
of the contact point of the ultrasonic probe 5195 on
the ultrasonic probe coordinate system In this

enbodi ment, the barycenter position of the contact
surface between the object and the ultrasonic probe
5195 is defined as the contact point, as shown in Fig.
24. The position and orientation calculation wunit 5830
cal culates the contact point position information on
the reference coordinate system based on the pieces of
readout information, and stores the calculated position
information in the data storage unit 5120.

[ 0235] Processing to be executed by a three-

di mensi onal shape reconstruction wunit 5870 in step
S53040 will be described next with reference to the
flowchart shown in Fig. 25. In step S6100, the three-
di mensi onal shape reconstruction wunit 5870 reads out,
fromthe data storage unit 5120, contact point position
information at the inmage sensing time of each
tonographic imge and information representing the
determ nation result of contact between the ultrasonic

probe 5195 and the object for each tonographic inage.
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[ 0236] In step S6200, the three-di nensional shape
reconstruction wunit 5870 obtains a point group
representing the object surface based on the contact
point position information at a point of time the
contact determnation result swtches. Mor e
specifically, the positions of contact points

i medi ately before and imediately after contact are
averaged, thereby calculating the contact point
position at the instant of contact. Simlarly, the
positions of contact points imediately before and

i mredi ately after noncontact are averaged, thereby
calculating the contact point position at the instant
of noncontact. These contact point groups form a point
group representing the object surface.

[ 0237] In step S6300, the three-dinensional shape
reconstruction wunit 5870 reconstructs the surface node
based on the point group representing the object
surface. For exanple, triangle patches each having
vertices corresponding to the points representing the
object surface are generated so that a set of patches
forms a surface nodel.

[ 0238] In step S6400, the three-dinensional shape
reconstruction wunit 5870 outputs the surface nodel
obtained in step S6300 to the outside via an |/F 1009.
Alternatively, the surface nodel is stored in a RAM
1002 so as to be available for another application.

The above-described processing allows to reconstruct
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the surface nodel as three-dinmensional shape data with
slight distortion based on the determination result of

contact between the ultrasonic probe 5195 and the

obj ect .
[ 0239] As descri bed above, according to this
enbodi ment, it is possible to reconstruct three-

di nrensional shape data with slight distortion based on
the position and orientation of the ultrasonic probe
5195 at the timng the determination result of contact
between the ultrasonic probe 5195 and the object
switches. Mre specifically, this enbodi nent uses only
the position and orientation when the object is
deforned slightly by the pressure of the ultrasonic
probe 5195. It is therefore possible to reconstruct

t hree-di nmensi onal shape data with |ess influence of
deformati on caused by the pressure of the ultrasonic
probe 5195 than in using all positions and orientations.
[0240] [ Tenth Enbodi nment ]

An inmage processing apparatus according to this
enbodi ment processes tonographic imges obtained when
the contact pressure between the ultrasonic probe and
an object is weak using a nmethod different from that
for remaining tonographic inmges, thereby
reconstructing three-dinmensional shape data with slight
distortion based on the tonographic imge group. In
this enbodi nent, a pressure sensor 5200 is attached to

an ultrasonic probe 5195 to neasure the contact
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pressure between the ultrasonic probe 5195 and an

obj ect. In this enbodiment, sequenced |um nance val ue
data is reconstructed as three-dinensional shape data.
This enbodinent will be described below regarding only
portions different from the eighth enbodi nent.

[ 0241] The functional arrangenment of an inmage
processi ng apparatus 5900 according to this enbodi nment
will be described with reference to Fig. 26. Note that
the sane reference nunerals as in Fig. 18 denote the
sane parts in Fig. 26, and a description thereof wll
not be repeated.

[ 0242] A data input unit 51110 acquires a

t onographic image obtained by the ultrasonic probe 5195
and stores it in a data storage unit 5120, as in the
ei ght h enbodi nent. The data input unit 51110 also
stores, in the data storage unit 5120, a pressure value
nmeasured by the pressure sensor 5200 at the point of
time the tonographic image has been obtained.

[ 0243] A deformation deternmination unit 51150
reads out, from the data storage unit 5120, the
pressure values as the neasured values of the pressure
sensor 5200 and determ nes, wusing the readout pressure
val ues, whether each tonographic inmage is a slightly
deformed tonographic image or a deformed tonographic
imge. Mre specifically, when the pressure value of
the pressure sensor 5200 is smaller than a threshol d,

the tonographic imge obtained at the point of tinme the
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pressure value has been neasured is determned as a
slightly deforned tonographic imge. Wen the pressure
value is equal to or larger than the threshold, the
tonmographi ¢ inmage obtained at the point of time the
pressure value has been neasured is determned as a
deformed tonographic image. The determination result
is stored in the data storage unit 5120, as in the
ei ght h enbodi nent.
[ 0244] As descri bed above, according to this
enbodi nent, it is possible to reconstruct three-
di rensi onal shape data with slight distortion based on
a tonographic image group by processing tonographic
i mges obtained when the contact pressure between the
ultrasonic probe 5195 and the object is small and
remai ni ng tonographic images by different nmethods.
[0245] [ O her Enbodi ment s]
(First Modification)

In the eighth and subsequent enbodinents, an
exanpl e has been described in which the ultrasonic
i mage di agnosis apparatus 5190 acquires a two-
di rensi onal tonographic inmge. However, the data
acquired by the nmedical inmage collection apparatus is
not limted to this. For exanple, a 2D array
ultrasonic probe capable of acquiring a three-
di rensi onal tonographic imge may be used. In this
case, the contact determination unit 5140 can perform

determ nation processing by easily extending the
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processing for a two-dinensional tonographic inage
(flowchart in Fig. 20). The nethods described in the
eighth and subsequent enbodinments are applicable even
to a tonmographic inmage group acquired in the range
automatically scanned by the probe head.

[0246] (Second Modification)

In the eighth enbodi ment, a case has been
described in which pieces of information inmmediately
after contact between the ultrasonic probe 5195 and the
object and immediately before noncontact are processed
using a nmethod different from that for other
informati on, thereby reconstructing three-di nensional
shape data with slight distortion based on a
t onographic i nmage group. However, if there are
sufficient information imrediately after contact
between the ultrasonic probe 5195 and the object and
i medi ately before noncontact, other information need
not be used. In this case, correction of deforned
t onmographi c inmages is unnecessary. Sequenced | um nance
value data is reconstructed based on a slightly
deforned tonographic image group and their positions
and orientations on the reference coordinate system
[0247] (Third Modification)

In the eighth and ninth enbodinents, if the flags
representing the contact states of all vertical |ines
are 0 in the inmage sensing region of a tonographic

image, it is determned that the ultrasonic probe 5195



WO 2010/113633 PCT/JP2010/054465
- 90 -

and the object are not in contact. Oherwise, they are
determined to be in contact. That is, whether or not
an entire tonographic inmage is in the noncontact state
i s determ ned. However, the contact determ nation
method is not limted to this. The noncontact state
may be determned in each partial region of a

t onographi ¢ i mage. For exanple, a partial region 2701
out of an image sensing region 2703 shown in Fig. 27
can be determined as a noncontact region, and the

remai ning partial regions can be determ ned as contact
regi ons.

[ 0248] The contact region near the noncontact
region is supposed to be defornmed slightly by the probe
pressure. The deformation correction unit 5160 can use
such a partial region (to be referred to as a slightly
defornmed partial region) 2702 for deformation
correction processing together with slightly deforned
tonmographic inmages. The deformation correction wunit
5160 can inprove the accuracy of deformation correction
by using the slightly deforned tonographic inages

t oget her.

[0249] (Fourth Modification)

In the eighth and ninth enbodi nents, contact
between the ultrasonic probe 5195 and the object is
determi ned based on tonographic imges. However, the
contact determnation method is not limted to this.

The determination my be done based on a contact sensor
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attached to the ultrasonic probe 5195 or the object.
Use of the contact sensor obviates the contact
determ nation wunit 5140.

[0250] (Fifth Modification)

In the eighth and ninth enbodi nents, contact
between the ultrasonic probe 5195 and the object is
determ ned based on tonographic inmages. However, the
contact determnation nethod is not limted to this.
The determ nation may be done based on the neasured
val ue of a position and orientation sensor. If the
shape information of the object is known in advance,
whet her the ultrasonic probe 5195 and the object is in
contact can easily be determ ned based on the neasured
value of the position and orientation sensor and the
shape information of the object.

[0251] (Sixth Modification)

In the eighth enbodinment, a nmethod of neasuring
the position and orientation of the ultrasonic probe
5195 using a position and orientation sensor to obtain
the positional relationship between tonographic inmages,
thereby reconstructing three-dinensional shape data has
been expl ai ned. However, the nethod of calculating the
positional relationship between tonographic imges is
not limted to this. Calculation nay be done w thout
using the position and orientation sensor. For exanpl e,
the nmethod disclosed in non-patent reference 3 may be

used to estimate the positional relationship between
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i mge features in the tonographic images, thereby
reconstructing three-dinmensional shape data.

[0252] (Seventh Mbdification)

In the 10th enbodi nent, a case has been described
in which pieces of information obtained when the
contact pressure between the ultrasonic probe 5195 and
the object is weak are processed using a nethod
different from that for other information, thereby-
reconstructing three-dinensional shape data with slight
distortion based on a tonographic image group. However ,
if there are sufficient pieces of information obtained
when the contact pressure between the ultrasonic probe
5195 and the object is weak, other information need not
be used. In this case, correction of deforned
tonmographic inmages is unnecessary. Sequenced | umi nance
value data is reconstructed based on a slightly
deformed tonographic inage group and their positions
and orientations on the reference coordinate system
[0253] (Ei ghth Mbdification)

In the ninth enbodinent, a general pointing
device such as a pen may be used as a pointing wunit in
pl ace of the ultrasonic probe 5195. In this case, the
position of the contact point between the pointing
device and an object on a pointing device coordinate
system is calculated and stored in advance, thereby-

obtaining a point group representing the object surface.
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The pointing device coordinate system is a coordinate
system whose origin is defined at one point on the

poi nting device, and whose X-, Y-, and Z-axes are
defined as three axes that cross at right angles at
that origin.

[ 0254] Contact between the pointing device and the
object is determined based on a contact sensor attached
to the pointing device or the object, as in the fourth
nodi fication of other enbodinents. The determ nation
may be done based on the neasured value of a position
and orientation sensor and the shape information of the
object, as in the fifth nodification of other

enbodi nment s. As in the 10th enbodi nent, a pressure
sensor may be attached to the pointing device so as to
reconstruct a three-dinensional geonetric nodel using
only the neasured value of the position and orientation
sensor when the contact pressure on the object is weak.
[ 0255] According to this nodification, it is
possible to reconstruct a three-dinensional geonetric
nodel with less influence of object deformation by the
pointing device. Al or sone of the eighth and
subsequent enbodi ments and nodi fications my be

conbi ned as needed.

[ 0256] Aspects of the present invention can also
be realized by a conputer of a system or apparatus (or
devices such as a CPU or MPU) that reads out and

executes a program recorded on a nenory device to
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perform the functions of the above-descri bed

enbodi nent (s), and by a nethod, the steps of which are
performed by a conputer of a system or apparatus by,
for exanple, reading out and executing a program
recorded on a nmenory device to perform the functions of
t he above-described enbodinent (s) . For this purpose,
the program is provided to the conputer for exanple via
a network or from a recording nmedium of various types

serving as the nenory device (e.g., conputer-readable

medi um .

[ 0257] While the present invention has been
described with reference to exenplary enbodinents, it
is to be understood that the invention is not limted

to the disclosed exenplary enbodinents. The scope of
the followng clains is to be accorded the broadest
interpretation so as to enconpass all such

nodi fications and equivalent structures and functions.

[ 0258] This application clainms the benefit of
Japanese Patent Application No. 2009-087835 filed March
31, 2009, which is hereby incorporated by reference

herein in its entirety.
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CLAIMS

1. An inmage processing apparatus conprising:

an unit which acquires a tonographic inmge of an
obj ect obtained by an inmage sensing unit;

an unit which acquires position and orientation
information of the inmage sensing unit;

an unit which acquires three-dinensional volune
data of the object;

an unit which acquires an inmage of a slice
corresponding to the tonographic inmage from the three-
di rensi onal volune data based on the position and
orientation information;

a generation unit which generates a conposite
i mmge by conposing the inmage of the slice with the
t onographic inmage; and

an output unit which outputs the conposite inage,

wherein said generation unit specifies a region
as an unclear imge sensing region of the tonographic
i mge, and

conposes the tonographic image with the image of
the slice by replacing an image in the unclear imge
sensing region with an inmage in a region of the inmage
of the slice corresponding to the unclear inmage sensing

regi on.

2. The apparatus according to claim 1, wherein

said generation unit generates a nmask imge
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representing the unclear inage sensing region of the
t omogr aphi ¢ i nmage, and

conposes the tonographic inage with the inmage of
the slice by replacing the inage in the unclear inage
sensing region represented by the mask inage in the
tomographic inage with the inmage in the region of the
i mage of the slice corresponding to the unclear inmage

sensi ng region.

3. The apparatus according to claim 2, wherein

said generation unit obtains, for each pixel of
the tonographic inmage, an inmage sensing clarity that
takes a higher value corresponding to a |ower pixel
val ue, and

conposes the tonographic inmage with the inmage of
the slice by conposing, for each pixel, the tonographic
image with the inage of the slice in accordance with a
ratio represented by a corresponding inmage sensing

clarity.

4. The apparatus according to claim 3, wherein the

i mage sensing clarity is a value obtained by dividing a
sum of differences between a threshold and pixel values
of pixels of a selected vertical |ine sequentially
selected from the tonographic inmage by a product of the
threshold and the nunber of pixels of the selected

vertical Iine.
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5. The apparatus according to claim 2, wherein

said generation unit obtains, for each pixel of
the tonmographic inmage, a first inmage sensing clarity
that takes a higher value corresponding to a |ower
pi xel val ue,

obtains, as a second inmage sensing clarity, a
val ue obtained by dividing a difference between an
average pixel value in a region imediately under a
part region of interest of the tonographic inmage and an
average pixel value in regions adjacent to left and
right sides of the region imrediately under by one of
the average pixel value in the regions adjacent to the
left and right sides and a value obtained by-
subtracting the average pixel value in the regions
adjacent to the left and right sides from a maxi num
pi xel value that the pixel value can take, and

conposes the tonographic imge with the imge of
the slice by conposing, for each pixel, the tonographic
imge with the image of the slice in accordance with a
ratio cal cul ated based on a corresponding first inmage

sensing clarity and the second inmage sensing clarity.

6. The apparatus according to claim 2, wherein
said generation unit obtains, for each pixel of
the tonographic inmage, an inmage sensing clarity that

takes a higher value corresponding to a |ower pixel



WO 2010/113633 PCT/JP2010/054465

- 98 -

value, and

conposes the tonographic imge with the imge of
the slice by conposing, for each pixel, the tonographic
imge with the image of the slice in accordance with a
rati o based on a corresponding image sensing clarity
and a corresponding reliability, and

the reliability is a value predeterm ned for each
pi xel of the imge of the slice and predeterm ned for
each voxel of the three-dinensional volunme data used to

generate the pixels.

7. The apparatus according to claim 1, further
conprising a display unit which displays the conposite
i mge output from said output unit,

when displaying the conposite inage, said display
unit displaying the unclear image sensing region and

remai ning regions discrimnately .

8. The apparatus according to claim 1, further
conprising a display unit which displays the conposite
i mge output from said output unit,

when displaying the conposite inage, said display
unit displaying unclear inmge sensing regions of

different types discrimnately.

9. The apparatus according to claim e, further

conprising a display unit which displays the conposite
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i mge output from said output unit,

said display unit displaying each pixel of the
conposite image in a display form corresponding to a
val ue based on the corresponding imge sensing clarity

and the corresponding reliability.

10. An image processing nethod conprising:

a step of acquiring a tonographic imge of an
object obtained by an image sensing unit;

a step of acquiring position and orientation
information of the inage sensing unit;

a step of acquiring three-dinensional volune data
of the object;

a step of acquiring an imge of a slice
corresponding to the tonographic imge from the three-
di rensi onal volunme data based on the position and
orientation information;

a generation step of generating a conposite imge
by conposing the image of the slice with the
t onographi c inage; and

an output step of outputting the conposite inmge,

wherein in the generation step,

a region as an unclear imge sensing region of
the tonographic image is specified, and

the tonographic inage is conposed with the inage
of the slice by replacing an image in the unclear inmage

sensing region with an inmage in a region of the inmage
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of the slice corresponding to the unclear inmge sensing

region.

11. An image processing apparatus conprising:

an acquisition unit which time-serially acquires
t onographic images of an object obtained by an inmage
sensing unit;

a determination unit which determ nes whether a
t onographic inage acquired by said acquisition unit is
a tonographic imge obtained in a state in which the
i mage sensing unit is in contact with the object;

a correction unit which corrects deformation of,
out of tonobgraphic inage groups obtained in a state in
which the inmage sensing unit is in contact with the
obj ect, a tonographic image group other than a
t onographic inmage obtained imediately after the
contact and a tonographic image obtained imediately
bef ore cancel of the contact; and

a generation unit which generates three-

di nensi onal shape data of the object based on the

t omographic inmage group corrected by said correction

unit .
12. The apparatus according to claim 11, wherein said
determ nation wunit selects a vertical line fromthe

t omogr aphi ¢ inmage, determ nes whether pixel values of

all pixels of the selected vertical line are smaller
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than a threshold, sets a flag value for the selected
vertical |ine to 1 upon determning that the pixel
values are smaller, and if a vertical Iine having the
flag value "1" exists, determnes that the tonographic
i mmge has been obtained while a contact pressure

between the inmage sensing unit and the object is low

13. The apparatus according to claim 11, wherein if a
pressure value neasured by a sensor that neasures a
contact pressure between the imge sensing unit and the
object is smaller than a threshold, said determ nation
unit determnes that a tonmographic imge which has been
obtained at a point of tinme the pressure value has been
neasured is a tonographic imge obtained while the
contact pressure between the imge sensing unit and the

object is Ilow

14. The apparatus according to claim 11, wherein said
generation unit generates the three-dinensional shape

data of the object further using the tonographic inmage
group excluded from a correction target of said

correction wunit.

15. The apparatus according to claim 11, wherein the
t hr ee- di mensi onal shape data is volume data that stores
a lum nance value in each voxel of a three-dinmensional

voxel nesh.
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16. An image processing apparatus conprising:
an acquisition unit which time-serially acquires
t onographic inmages of an object obtained by an inmage
sensing unit and position and orientation information
of the inmage sensing unit;
a determination unit which determ nes whether a
t omographic inmage acquired by said acquisition unit is
a tonographic imge obtained in a state in which the
i mge sensing unit is in contact with the object; and
a generation unit which generates three-
di nensi onal shape data of the object using the position
and orientation information imrediately before and
i medi ately after the contact and the position and
orientation information imrediately before and

i medi ately after cancel of the contact.

17. The apparatus according to claim 16, wherein the
t hr ee- di mensi onal shape data is a surface nodel based

on a point group representing an object surface.

18. An i mage processing nethod conprising:

an acquisition step of time-serially acquiring
t onographic inmages of an object obtained by an image
sensing unit;

a determination step of determ ning whether a

t onographic image acquired in the acquisition step is a
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tonographic inage obtained in a state in which the
i mge sensing unit is in contact with the object;

a correction step of correcting deformation of,
out of tomographic image groups acquired in the
acquisition step, a tonmographic imge group other than
a tonographic imge obtained imediately after the
contact and a tonographic inage obtained imediately
bef ore cancel of the contact; and

a generation step of generating three-dinmensional
shape data of the object based on the tonographic imge

group corrected in the correction step.

19. An inmage processing method conprising:

an acquisition step of time-serially acquiring
t onographic inmages of an object obtained by an imge
sensing unit and position and orientation information
of the image sensing unit;

a determ nation step of determning whether a
tonographic inmage acquired in the acquisition step is a
tonographic inage obtained in a state in which the
i mge sensing unit is in contact with the object; and

a generation step of generating three-di nmensional
shape data of the object using the position and
orientation information immediately before and
imedi ately after the contact and the position and
orientation information imrediately before and

imedi ately after cancel of the contact.
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AMENDED CLAIMS
received by the International Bureau on 05 August 2010

CLAIMS

1. (Anmended) An i mage processing apparatus
conpri si ng:

an unit which acquires a tonographic imge of an
obj ect obtained by an image sensing unit;

an unit which acquires position and orientation
informati on of the inmage sensing unit;

an unit which acquires three-dinensional volume
data of the object;

an unit which acquires an inmage of a slice
corresponding to the tonographic inmage from the three-
di nensi onal volune data based on the position and
orientation information;

a generation unit which generates a conposite
i mge by conposing the image of the slice with the
t onogr aphi ¢ i mage; and

an output unit which outputs the conposite inage,

wherein said generation unit obtains, for each
pi xel of the tonographic imge, an inmage sensing
clarity that takes a higher value corresponding to a
| ower pixel value, and

conposes the tonographic imge with the inage of
the slice by conposing, for each pixel, the tonopgraphic
image with the image of the slice in accordance with a
ratio represented by a corresponding inmage sensing

clarity.

AMENDED SHEET (ARTICLE 19)
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2. (Cancelled)

3. (Cancelled)

4. (Anended) The apparatus according to claim 1,
wherein the imge sensing clarity is a value obtained
by dividing a sum of differences between a threshold
and pi xel values of pixels of a selected vertical Iline
sequentially selected from the tonographic image by a

product of the threshold and the nunmber of pixels of

the selected vertical Iine.
5. (Arended) The apparatus according to claim 1,
wher ei n

said generation unit obtains, for each pixel of
the tonographic image, a first inmage sensing clarity
that takes a higher value corresponding to a |ower
pi xel val ue,

obtains, as a second image sensing clarity, a
val ue obtained by dividing a difference between an

average pixel value in a region imediately under a

AMENDED SHEET (ARTICLE 19)
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part region of interest of the tonobgraphic inmage and an
average pixel value in regions adjacent to left and
right sides of the region imediately under by one of
the average pixel value in the regions adjacent to the
left and right sides and a val ue obtained by
subtracting the average pixel value in the regions
adjacent to the left and right sides from a maxi num
pi xel value that the pixel value can take, and
conposes the tomographic image with the image of
the slice by conposing, for each pixel, the tonopgraphic
image with the image of the slice in accordance with a
ratio cal cul ated based on a corresponding first image

sensing clarity and the second inmage sensing clarity.

6. (Anended) The apparatus according to claim 1,
wher ei n

said generation unit obtains, for each pixel of
the tonographic image, an inmage sensing clarity that
takes a higher value corresponding to a |ower pixel
val ue, and

conposes the tonographic imge with the image of
the slice by conposing, for each pixel, the tonographic
image with the image of the slice in accordance with a
rati o based on a corresponding image sensing clarity
and a corresponding reliability, and

the reliability is a value predeterm ned for each

pi xel of the image of the slice and predetermned for

AMENDED SHEET (ARTICLE 19)
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each voxel of the three-di nensional volune data used to

generate the pixels.

7. The apparatus according to claim 1, further
conprising a display unit which displays the conposite
i mage output from said output unit,

when displaying the conposite inmage, said display
unit displaying the unclear inage sensing region and

remai ning regions discrimnately .

8. The apparatus according to claim 1, further
conprising a display unit which displays the conposite
i mage output from said output unit,

when displaying the conposite inmage, said display
unit displaying unclear inage sensing regions of

different types discrimnately.

9. The apparatus according to claim e, further
conprising a display unit which displays the conposite
i mage output from said output unit,

said display unit displaying each pixel of the
conposite image in a display form corresponding to a
val ue based on the corresponding inage sensing clarity

and the corresponding reliability.

10. (Anended) An i mage processing nethod

conpri si ng:

AMENDED SHEET (ARTICLE 19)
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a step of acquiring a tonographic image of an
obj ect obtained by an image sensing unit

a step of acquiring position and orientation
information of the imge sensing unit;

a step of acquiring three-di nensional volunme data
of the object;

a step of acquiring an inage of a slice
corresponding to the tonographic image from the three-
di mensi onal volune data based on the position and
orientation information

a generation step of generating a conposite inmage
by conposing the image of the slice with the
t onographi ¢ inage; and

an output step of outputting the conposite inage,

wherein in the generation step,

an imge sensing clarity is obtained for each
pi xel of the tonographic imge, wherein the inmage
sensing clarity takes a higher value corresponding to a
| ower pixel value, and

the tonographic inage is conposed with the inmage
of the slice by conposing, for each pixel, the
tomographic image with the image of the slice in
accordance with a ratio represented by a correspondi ng

i mge sensing clarity.

11. An inmage processing apparatus conprising:

an acquisition unit which tine-serially acquires

AMENDED SHEET (ARTICLE 19)
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t onogr aphi ¢ i mages of an object obtained by an inmage
sensing unit;

a determination unit which determ nes whether a
t omographi ¢ inmage acquired by said acquisition unit is
a tonographic inmage obtained in a state in which the
i mge sensing unit is in contact with the object;

a correction unit which corrects deformation of,
out of tonobgraphic inage groups obtained in a state in
which the image sensing unit is in contact with the
obj ect, a tonographic inmage group other than a
t omographi c i mage obtained imediately after the
contact and a tonographic inage obtained imediately
bef ore cancel of the contact; and

a generation unit which generates three-

di mrensi onal shape data of the object based on the

t omographi ¢ i mage group corrected by said correction

unit .
12. The apparatus according to claim 11, wherein said
determ nation unit selects a vertical line fromthe

t omogr aphi ¢ image, determ nes whether pixel values of
all pixels of the selected vertical line are smaller
than a threshold, sets a flag value for the selected
vertical line to 1 upon determ ning that the pixe
values are smaller, and if a vertical line having the
flag value "1" exists, determ nes that the tonographic

i mge has been obtained while a contact pressure
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between the image sensing unit and the object is low

13. The apparatus according to claim 11, wherein if a
pressure value neasured by a sensor that neasures a
contact pressure between the image sensing unit and the
object is smaller than a threshold, said determ nation
unit determnes that a tonographic image which has been
obtained at a point of time the pressure value has been
neasured is a tonographic inmage obtained while the
contact pressure between the image sensing unit and the

object is low

14. The apparatus according to claim 11, wherein said
generation wunit generates the three-di nensional shape

data of the object further using the tonographic i mage
group excluded from a correction target of said

correction wunit.

15. The apparatus according to claim 11, wherein the
t hree-di nensi onal shape data is volunme data that stores
a lum nance value in each voxel of a three-dinensional

voxel nesh.

16. An image processing apparatus conprising:
an acquisition wunit which tine-serially acquires
t onographic inmages of an object obtained by an inmage

sensing unit and position and orientation information
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of the inage sensing unit;
a determination unit which determ nes whether a
t onmographic image acquired by said acquisition unit is
a tonographic imge obtained in a state in which the
i mge sensing unit is in contact with the object; and
a generation unit which generates three-
di mensi onal shape data of the object using the position
and orientation information inmediately before and
imediately after the contact and the position and
orientation information inmediately before and

i medi ately after cancel of the contact.

17. The apparatus according to claim 16, wherein the
t hr ee- di mensi onal shape data is a surface nodel based

on a point group representing an object surface.

18. An image processing method conprising:

an acquisition step of tinme-serially acquiring
t onographi c imges of an object obtained by an inmage
sensing unit;

a determination step of determ ning whether a
t omographic image acquired in the acquisition step is a
tonographic image obtained in a state in which the
i mge sensing unit is in contact with the object;

a correction step of correcting deformation of,
out of tonographic imge groups acquired in the

acqui sition step, a tonographic image group other than
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a tonographic imge obtained immediately after the
contact and a tonographic imge obtained inmediately
bef ore cancel of the contact; and

a generation step of generating three-dinensional
shape data of the object based on the tonographic inmage

group corrected in the correction step.

19. An i mage processing nethod conprising:

an acquisition step of tine-serially acquiring
t onographi ¢ inmages of an object obtained by an inmage
sensing unit and position and orientation information
of the inmage sensing unit;

a determnation step of determ ning whether a
tonmographic image acquired in the acquisition step is a
tonmographic image obtained in a state in which the
i mage sensing unit is in contact with the object; and

a generation step of generating three-dinensional
shape data of the object using the position and
orientation information inmediately before and
i medi ately after the contact and the position and
orientation information imediately before and

i medi ately after cancel of the contact.
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