
CUTTING SIMULATION DEVICE AND CUTTIN G SIMULATION PROGRAM TECHNICAL FIELD
The present invention relates to a cutting simulation device and a cutting
simulation program utilized when a healthcare worker performs a surgery
simulation, BACKGROUND ART       Cutting simulation devices that allow
simulations of surgery to be performed are utilized at healthcare sites to
improve the quality of surgery. A conventional cutting simulation device
comprised, for example, a. tomographic 10image information acquisition
section for acquiring tomographie image information, such as an X-ray CT
image, a nuclear magnetic resonance image (MRI), or an image acquired by
PET (positive electron tomography), a memory connected to the tomographic
image information acquisition section, a volume rendering calculator
connected to the memory, a display for displaying the calculation results
of the volume rendering calculator, and an input 15section for being
inputted cutting instructions with respect to the display object that is
displayed on the display.       Patent Literature 1, for example, discloses
a surgery simulation system in which cutting instructions for a display
object that is displayed in 3D on the display are given by an input
section. 20Patent Literature 2 discloses an image processing device with
which the site to be viewed can be properly displayed by displaying other
structures semitransparently, even  



when the site to be viewed in a 3D display (such as a tumor) is hidden by
other structures (such as blood vessels), CITATION HST PATENT LITERATURE
Patent Literature 1: Japanese Laid-Open Patent Application H5-123327 Patent
Literature 2: Japanese Laid-Open Patent Application 200'3-91735 SUMMARY
TECHNICAL PROBLEM However, the following problems were encounteredhe
conventional 10configurations discussed above.       With the image
processing device disclosed in Patent Literature 2, the shape of a
particular region of a tumor or the like can be recognized from all
directions, but nothing at all is disclosed about display control when this
is to be cut, Thus, when cutting was performed on an organ or other such
cutting object with the 15surgery simulation system of Patent Literature 1
on a 3D display produced by the image processing device of Patent
Literature 2, the display could only show a state in which the blood
vessels, nerves, and the like present inside the organ were also cut.
Therefore, a physician or the like performing he cutting simulation cannot
share information that would he beneficial in real surgery, and there is
the risk that an effective surgery simulation cannot 20he carried out.
It is an object of the present invention to provide a cutting simulation
device and a cutting simulation. program with which an actual surgical.
process can be represented in detail  



by visualizing the blood vessels, nerves,and other such non-cutting objects
present inside an organ or other such cutting object even after cutting.
SOLUTION TO PROBLEM The cutting simulation device pertaining to the first
invention comprises a 5tomographic image information acquisition section, a
memory, a volume rendering calculator, a display unit, an input section,
and a display controller. The tomographic image information acquisition
section acquires tomographic image information. The memory is connected to
the tomographic imam information acquisition section and stores vo el
information about the tomographic image information. Th.e volume rendering
calculator is connected to the 10memory and samples voxel information in a
direction perpendicular to the line of sight, on the basis of the voxel
information. 'The display unit displays calculation results from the volume
rendering calculator, The input section is inputted with instructions for
cutting a cutting object displayed. on the display unit. The display
controller displays on the display unit the status of the cutting object
after cutting on the basis of the cutting instructions 15inputted with the
input section, and displays non-cutting objects included inside the cutting
object, on the display unit in a pre-cut state even after cutting, even
when included in a cut portion according to the cutting instructions.
Here, when conducting a cutting simulation using a plurality of X-ray CT
images in a state of a 3D display of the area around a particular organ,
for example, if the portion to be 20cut includes both the particular organ
(the cutting object) and the blood vessels and so forth in the inside of
the organ (non-cutting objects), then control is performed so that only the



particular organ that is the cutting object is cut, while the blood vessels
or other non-cutting objects are still displayed in their pre-cut state.
The above-mentioned tomographic image includes two-dimensional images
acquired using a. medical device, such as an X-ray CT, an MRIa PET. Also,
the relation between 5the cutting object and the non-cutting objects
includes, for example, the relation between an organ and the blood vessels,
nerves, and so forth present on the inside of the organ.
Consequently, in conducting a simulation of cutting part of a 3D displayed
organ, in the past, the display was post-cutting, in a state in which blood
vessels, nerves, and other such tissue inside the organ had been cut at the
same time as the cutting of the organ, whereas with 1.0the present
invention, only the organ that is he cutting object is cut, and the blood
vessels or the like that are the non-cutting objects present inside the
organ are displayed in their precutting state.       Thus, before a
physician or the like performs a surgical operation, the positions of blood
vessels and so on in the cut portion of the 31) image including the actual
surgical site 15on the patient can be shared among a plurality of
physicians, etc. As a result, the ctual surgical procedure can be displayed
as a detailed simulation. The cutting simulation device pertaining to the
second invention is the cutting simulation device pertaining to the first
invention, wherein if on-cutting objects are included in the cut portion
the display controller switches the voxel data for the cut portion with
yokel 



20data for the non-cutting objects, and displays the result on the display
unit,        Here, in post-cutting display control during the simulation,
the yowl data for the cut portion and the voxel data for the non-cutting
objects are switched in the display for the non-cutting objects included in
the cut portion.           Consequently, for the cutting object included in
the cut portion state is displayed in 5which the cut processing is left as
it is, but for the non-cutting objects included in the cut portion, their
pre-cutting state is displayed. Thus, the physicianC I perform an actual
operation /hilt correctly recognizing the positions of the blood vessels,
nerves, and other such non-cutting objects included in the cut portion. The
cutting simulation device pertaining to the third invention is the cutting
10simulation device pertaining to the first or second invention, wherein
color information is added to the voxel information corresponding to the
cutting object and the non--cutting objects in display on the display unit.
The display controller displays the con-cutting objects on. the display
unit in a different color from the color of the cutting object. Here, the
objects are displayed in different colors, such as blood vessels and other
15such non-cutting objects in red, and organs and other such cutting
objects in reddish-brown, in order to make easier to recognize the
non-cutting objects displayed even after the cut processing of the cut
portion apart from the cutting object displayed in a cut state.
Consequently, a physician, etc., conducting the simulation can more clearly
recognize whether or ot there are any blood vessels or the like that would
be non-cutting objects in the 



20cut portion of the organ that is the cutting object.       The cutting
simulation device pertaining to the fourth invention is the cutting
simulation device pertaining to any of ale first to third inventions,
wherein a range of CT  values indicating the extent of spatial X-ray
absorption during X-ray irradiation of a subject is set for the cutting
object and the non-cutting objects The display controller displays the
desired cutting object and non-cutting objects on the display unit on the
basis of the CT values inputted via the input section.       Here, for
organs or the like (the cuffing object) and blood vessels, nerves, or the
like (the non-cutting objects) each have a designated, the objects (cutting
object and non-cutting objects) displayed on the display unit are switched
by presetting range of CT values. The CT value mentioned here is the
product of expressing the extent of X-ray absorption in a human body as a
numerical value, and is expressed as a relative value (units: 10 HU) versus
a zero for water. For example, the CT value for a liver is from 60 to 70
HU, the CT value for a kidney is from 30 to 40 Hid, the CT value for blood
is from 30 to 50 HU, and the CT value for bone is from 500 to 1000 RU.
Consequently, by using a mouse, keyboard, or other such input section to
input a range of CT values for the organ, etc., on which the surgery is
actually to be performed, the 15desired organ, etc., can be easily
displayed on the display unit, and the above-mentioned cutting simulation
carried out.       The cutting simulation device pertaining to the fifth
invention is the cutting simulation device pertaining to any of the first
to fourth inventions, wherein the cutting object includes an organ or bone.
20Here, a liver, a kidney, a pancreas, a duodenum, a stomach, a large
intestine, a small 



intestine, or another such organ or a bone is used as the cutting object
that will be the object of the above-mentioned cutting simulation.
Consequendy, the above-mentioned cutting simulation can be performed for
the desired organ or bone which needs a surgical operation. The cutting
simulation device pertaining to the sixth invention is the cutting
ation device pertaining to any of the first to fifth inventions, wherein
the non-cutting objects include blood vessels or erves. Here, blood
vessels, nerves, or the lik.e present inside the organ serving as the
cutting object are used, for example, as the non-cutting objects on which
the above-mentioned cutting simulation will be performed.
Consequently, where the blood vessels, etc included in the cut portion of
the organ, 10etc., needing auger,located can be clearly recognized.
The cutting simulation program pertainin2 to the seventh invention causes a
computer to execute a cutting simulation method comprising an acquisition
step, a volume rendering step, a first display step, and a second display
step. The acquisition step involves acquiring tomographic image
information. The volume rendering step involves sampling voxel
15information in a. direction perpendicular to the line of sight, on the
basis of voxel information about the tomographic image information. The
first display step involves displaying calculation results from the volume
rendering. The second display step involves displaying on the display unit
the status of the cutting object after cutting on the basis of the cutting
instructions inputted with respect to the displayed cutting object, and
displaying non-cutting 20objects included inside the cutting object, on the
display unit in a pre-cut state even rifler cuttingwhen included in a cut
portion according to the cutting instructions. 



Here, in conducting a cutting simulation in a state in which a plurality of
X-ray CT images are used to create a 3D display of the area around a
particular organ, for example, if the portion to be cut includes both the
particular organ (the cutting object) and the blood vessels and so forth in
the inside of the organ (non-cutting objects), then control is performed
Sso that only the particular organ that is the cutting object is cut, while
the blood vessels or other non-cutting objects are still displayed in their
pre-cut state.         The above-mentioned tomographic image includes
images acquired using a medical device, such as an X-ray CT, an MRI, or a
PET. Also, the relation between the cutting object and the non-cutting
objects includes, for example, the relation between, an organ and the
10blood vessels, nerves, and so forth present on the inside of the organ.
Consequently, in conducting a simulation of cutting part of a 3D displayed
organ, in the past, the display was post-cutting, in a state in which blood
vessels, nerves, and other such tissue inside the organ had been cut at the
same time as the cutting of the organ, whereas with the present invention,
only the organ that is the cutting object is cut, and the blood vessels or
15the like that are the non-cutting objects present inside the organ are
displayed in their pre- cutting state.         Titus before a physician or
the like performs a surgical operation, the positions of blood vessels and
so on in the cut portion of the 3D image including the actual surgical site
on the patient can be shared among a plurality of physicians, etc. As a
result, the actual 20surgical process can be displayed as a detailed
simulation. 



ADVANTAGEOUS EFFECTS        With the cutting simulation device pertaining
to the present invention, an actual surgical procedure can be represented
in detail by visualizing the blood vessels, nerves, and so forth present
inside a cutting object. BRIEF DESCRIPTION OF DRAWINGS       FIG, I is an
oblique view of a personal computer (cuffing simulation device) pertaining
to an embodiment of the present invention; FIG. 2 is a control Hock diagram
of the personal computer in FIG, I;       FIG. 3 is a block diagram of the
configuration of a vokel label storage section in a memory included in the
control blocks in Ha 2; 10FIG. 4 is a block diagram of the configuration of
a color information, storage section emory included in the control blocks
in FIG. 2; FIGS. 5a and 5b are operational flowcharts of the personal
computer in FIG, 1; FIG, 6 is a concept diagram illustrating the operation
of the personal computer in FIG. I; and 15FIG. 7a is a reference diagram
showing an example of a post-cutting display image displayed on a typical
cutting simulation device, FIG. 7b is a diagram showing an example of blood
vessels around a liver, and FIG, 7c is a diagram showing an example of a
post-cutting display image displayed on the personal computer in FIG. 1.. 



DESCRIPTION OF EMBODIMENTS 20The personal computer (cutting simulation
device) pertaining to an embodiment of the present invention will now be
described through reference to FIGS. Ito 7,         As shown in FIG. 1, the
personal computer 1 pertaining to this embodiment comprises a display
(display unit) 2 and various kinds of input section (a keyboard 3, a mouse
4, and a tablet 5 (sec FIG. 2)),        The display 2 shows a 3D image of
an organ or the like (a kidney is displayed in the example in FIG. 1)
formed from a plurality of tomographic images such as X-ray CT images, and
shows the results of a cutting simulation (discussed below).        As
shown in FIG. 2, the personal computer 1 has internal control blocks such
as a totnographic image information acquisition section 6. The tomographic
image information acquisition section 6 is connected to a 10tomocraphic
image information section 8 via a voxel information extractor 7. That is,
at the tomograph c image information section 8, tomographic image
information is supplied from a device that captures tomographie images,
such as a CT, an Iv1RI, or a PET, and this tomographie image information is
extracted as voxel information by the voxel information extractor 7. 15A
memory 9 is provided inside the personal computer 1, and has a voxel
information storage section 10, a voxel label storage section 11, and a
color information storage section 12. The memory 9 is connected to a volume
rendering calculator 13.        The voxel information storage section 10
holds voxel inibrmation received from the voxel intbrinatien extractor 7
via the tomonraphic image information acquisition section 6. 20  As shown
in FIG. 3, the voxel label storage section 11 has a first voxel label
storage section 11a, a second voxei label storage section lib, and a third
voxel label storage section lie. These first to third voxel label storage
sections ii a to I le are each provided 



corresponding to a range of preset CT values (discussed below), that is, to
the organs that will be displayed. For instance, the first \Taxed label
storage section 11 a corresponds to a ranee of CT values displaying, a
liver, the second vox& label storage section I lb corresponds to a range of
CT values displaying blood vessels, and the third voxel label storage
section l lc 5corresponds to a. range of CT values displaying bone. As
shown in FIG. 4, the color information storage section 12 has a first color
information storage section 12a, a second color information storage section
12D, and a third color information storage section 12c. These first to
third color information storage sections I2a to 12c are similar to the
first to third voxei label storage sections 11 a to l lc in that they I
0are each provided corresponding to a range of preset CT values (discussed
below) that. is, to the organs that will be displayed. For instance, the
first color information storage section 12a corresponds to a range of CT
values displaying a liver, the second color information storage section 12h
corresponds to a range of CT values displaying blood vessels, and the third
color information storage section 12e corresponds to a range of CT values
displaying hone. The first to third color information storage sections 12a
to 12c are each set to different color information for the organ, blood
vessels, or bone to be displayed. For instance, reddish - brown color
information is held in the range of CT values corresponding to a liver, red
color information is held in the ranee of CT values corresponding to blood
vessels, and white color information is held in the range of CT values
corresponding to bone.       The CT values set for the organ, blood
vessels, or bone to be displayed ate the product of expressing the extent
of X-ray absorption in a human body as a numerical value, and are expressed
as relative values (units: THI) versus a zero for water. For example, the
ranee of 



CT values in which a liver is displayed is from 60 to 70 KU, the range of
CT values in which a kidney is displayed is from 30 to 40 HU, the range of
CT values in which blood is displayed is from 30 to 50 HU, and the range of
CT values in which bone is displayed is from 500 to 1000 HU.       The
volume rendering calculator 13 acquires information about a plurality of
slices at regular intervals in the Z direction arid perpendicular to the
line of sight, on the basis of the VOXCI information stored in the voxcl
information storage section 10, the voxel label stored in the yokel label
storage section 11 and the color information stored in the color
information storage section 12, The volume rendering calculator 13 then
displays this calculation result 10as a3D image on the display 2. The
volume rendering calculator 13 is connected to a depth detector 15 via a
bus 16..       The depth detector 15 measures a ray casting scanning
distance (discussed below), and is connected to a depth controller 17 and a
voxel label setting section 18,            The voxel label setting section
18 is connected to the voxel label storage section 11 15and a resection
voxel label calculation and display unit 19.       In addition to the
above-mentioned volume rendering calculator 13 and depth detector 15, the
bus 16 is connected to the color information storage section 12 and a
window coordinate acquisition section 20, and displays 3D images and the
like on the display 2 on the basis of what is inputted from the keyboard 3,
the mouse 4, the tablet 5, etc. 20The window coordinate acquisition section
20 is connected to the depth detector 15 and a color information setting
section 21. The color information setting section 21 is connected to the
color information storage section 12 in he memory 9,         FTGS. 5a and
5b are control flowcharts illustrating the operation of the cutting
simulation device in this embodiment.       As shown in FIG. 5a, with the
personal computer 1 in this embodiment, first, in step Si, as mentioned
above, tomegraphic image information is inputted from the tomographic image
formation section 8 and this is supplied to the \Tomei information
extractor 7. Next, in S2, vox.el information is extracted from the
temegraphic image information 



by the v xel information extractor 7. The extracted voxei information is
stored via the tomographic image information acquisition section 6 in the
vox& information storage section 10 of the memory 9. The vexel infonnation
stored in the voxel information storage section 10101s information about
the points that make up 1 (x, y, z, a), for example. there is brightness
inhumation for said points, x, y, and z are coordinate points, and a is
transparency information. Next, in S3, the volume rendering calculate 13
calculates information about a plurality of slices that are perpendicular
to the line of sight and are regularly spaced, on the 15 basis of voxel
information stored in the voxel information storage section 10, and
acquires a slice information group. The slice information group is then
stored, at least temporarily, in the volume rendering calculator 13.
The above-mentioned "information about slices perpendicular to the line of
sight" means a plane that is at a right angle to the line of sight. For
instance,in a state in which the 20display 2 is stood up vertically and
viewed in a state of being parallel to the viewer's face, the slice
information is in a plane that is perpendicular to the line of  The
information about a plurality: of slices thus obtained includes information
about the points constituted. by (x, y, z, a), as mentioned above. Thus,
the slice information comprises a plurality of voxel labels 14 disposed in
the Z direction as shown in FIG, 6, for example. The grouping of \Foxe.'
labels 14 shown in FIG. 6 is stored in the voxel label storage 5section 'IL
for example.       Next, in S4, a rendering image is displayed on the
display 2. On the display 2 at this point an organ that will serve as the
cutting object (a liver 22 in this embodiment) is selected by using the
mouse 4 or the like to designate a range of CT values, and this is
displayed as shown in FIG. 7a, 



10in FIGS. 7a to 7c, 22 is a kidney, 23 is blood vessels, and C is the cut
portion (discussed below), That is, in this embodiment, we will assuiie
that a simulation of surgery on the liver 22 is to be performed.         As
shown in FIG. 7a, when a typical cutting simulation is performed, the
display displays the state after part of the liver 22 or part of the blood
vessels 23 included in the cut 15portion C has been cut down to a specific
depth.       In this embodiment, in performing this cutting simulation of
the liver 22, control is performed as follows so that where in the cut
portion C the blood vessels 23 shown in FIG, 7h are present can he
displayed on the screen of the display 2 in performing surgery to resect
part of the liver 22, 20Specifically, in 55, the mouse 4, etc,, is used to
set the CI7 values corresponding to the organ or the like that will be the
cutting object in performing the cutting simulation, and the CT values
corresponding to the blood vessels 23 or the like that will be the
non-cutting  objects. This setting of the cutting object and non-cutting
objects may he accomplished by using the keyboard 3, the mouse 4, the
tablet 5, or anything else       Next, in S6, the mouse 4, etc,, is used to
give a cutting instruction, Just as with the setting of the cutting object
and non-cutting objects, the input section used to input the 5cutting
instructions may be the keyboard 3, the mouse 4, the tablet 5, or anything
else.       As a specific method for inputting a cutting instruction, the
mouse 4 is moved horizontally over a desktop so that the cursor displayed
on the display 2 moves up and down, or to the left and right, over the
live( 22. The left/right or up/down movement of the mouse 4 here is
detected by the window 



10 coordinate acquisition section 20. This information is transmitted
through the depth detector 15 to the voxel label setting section 18 and the
voxel label storage section 11. Consequently, cutting is performed that
takes into account the positions of the liver 22 and the blood vessels 23
in the Z direction. More specifically, the volume rendering calculator 13
samples voxel information at 15 regular intervals in a direction
perpendicular to the line of sight (this is called ray casting). The volume
rendering calculator 13 then uses the depth detector 15 in S7 to detect the
ray casting scanning distance (depth) for all the points found during
movement of the mouse 4.       Then, in 88, it is determined whether or not
the proportional change in this depth is within a specific range. 20More
specifically, the ray casting scanning distances d measured by he depth
detector 15 are tabulated, and the gradient Vd thereof is calculated. The
gradient Vd is compared with a threshold Ito determine whether or not
cutting needs to he executed. For example, if a  gradient Vt at a cutting
point pi is over a threshold T1. the cutting point is deemed invalid,  and
no cutting is performed. On the other hand, if the gradient Vdi at the
cutting point pi is within the threshold T" the cutting point is deemed
valid, and cutting is performed in S9, As to the threshold T, the threshold
Ti is determined on the basis of a multiple $coefficient in and gradient
average for n number of cutting points in. the immediate vicinity for each
cutting processing. 



The multiple coefficient m and the cutting point n may be suitably set
according to the      image being processed, with their numerical values
being about 5 for in and 10 for for 10example. in this embodiment, as
discussed above, whether or not to perform cutting is determined by
comparing the gradient Vd and the threshold T. calculated on the basis of
multiple coefficient m and the gradient average for n number of cutting
points in the immediate vicinity, and using the result as the proportional
change. How the proportional change is calculated is not limited to the
above, and any calculation formula may be used so long as the gradient
change state can be confirmed,        Also, it is preferable if the
threshold T is suitably varied according to the characteristics of the
organ serving as the cutting object, This allows accidental cutting to be
avoided more accurately. 20In the cutting processing discussed above, a
point having a proportional change over a specific threshold is deemed an
invalid cutting point, and the depth controller 17 issues an  instruction
to the voxel label setting section. 18. Consequently, updating of the voxel
labels is halted, and cutting is not carried out. Thus, accidental cutting
can be avoided when the depth detector 15 has detected a mating point whose
depth position changes suddenly due to operational error by the physician,
or other user. 



Here, the phrase "cutting is performed" means that the vox& label setting
section. 18 updates the voxel labels and stores them in the voxel label
storage section IL That is, when cutting is not performed, the vox.el
labels do not ch ge,       Therefore, when the cursor is moved over the
liver 22, the system avoids accidentally cutting the backbone or the like
located further in. In this case, an image in which part of the 10liver 22
has been cut is displayed according to how many times the mouse 4 has been
moved to the left and right or up and down.       A state in which the
liver 22 has been cut can be recognized from a change in the color of the
liver 22 when information from the window coordinate acquisition section 20
is sent through the color infonuation setting section 21 to the color
information storage section 1512. The "color information setting section
21" here means a converter that employs what is known as a look-up table.
That is, with the personal computer I in this embodiment, as discussed
above, there is information about the points constituted by 1 (x, y, z, a),
and different color information and brightness information are set ahead of
time by the color information setting section 21 for the surface and the
interior of the liver 22. Consequently, if 20user operation indicates
cutting the liver 2 from the surface, the color of the cut portion C will
he displayed as being clearly different from the surrounding color
according to the degree of this cutting,        Then, in 510 and 511, the
color information labels and voxel information (voxel label values) of the
portion of the liver 22 (the cutting object) corresponding to the cut
portion C are updated. FIG. 6 shows an updated state of the color
information labels and the voxel labels 5 when cutting processing is
perfonEled. with the majority of the voxel labels 14 at the very top being
in a "l " state, that is, the surface state of the liver 22. Also, in FIG.
6, portions marked with. "0" indicate cut voxels. 



In this embodiment, as discussed above, -voxel labels corresponding to the
iver 22 and the blood vessels 23 are stored in the first voxel label
storage section I la and lib of the 10voxel label storage section 11, and
the color information labels are stored in the first color information
storage section I2a and 12b of the color information storage section 12.
Thus, when an instruction for cutting a part of the liver 22 by the mouse
4, etc is inputted, since the liver 22 is the cutting object, in SIO the
voxel label setting section 18 updates the voxel label values for the cut
portion C of the liver 22, and at the same time, in 15 S 11, updates the
color information label of the cut portion C of the liver 22. Consequently,
as shown in FIG. 7a the interior of the liver 22 from which the CIA portion
C of the liver 22 has been teseeted is displayed on the screen of the
display 2 in a slightly different color from that of the surface of the
liver 22.            In this embodiment, if the t portion C of the liver 22
includes the blood vessels 23 20designated as non-cutting objects in 55
above, the voxel labels of the blood vessels 23 shown in FIG. 7b are
interchanged at the cut portion C, and are displayed in a portion of the
cut portion. C without undergoing cutting processing, as shown in FIG, 7c.
More specifically, in S12, for the blood vessels 23 designated as
non-cutting objects, after cutting processing, the voxel information and
color information at the cut portion C and the voxel information and color
information of the blood vessels 23 are interchanged. Consequently, only
the portion of the liver 22 included in the cut portion C for whirl 5a
cutting instruction was inputted is displayed in a cut state, and the blood
vessels 23 designated as non-cutting objects are displayed in an uncut
state. As a result, in reseeting the part of the liver 22 that is a cutting
object (the cut portion C), the physician or other person performing the
surgery simulation can simultaneously share with a plurality of people
inibrmation about where in the cut portion C the blood vessels 23 are
located. 10Also, in this embodiment, since different color information is
set for the liver 22 



(cutting object) and the blood vessels 23 (non-cutting objects), the
location and shape off the blood vessels 23 displayed in red can be more
accurately recognized, as shown in FIG. 7c. Furthermore, in this
embodiment, since the start and end of cutting are switched by clicking the
mouse button on and off, for example, the physician or other user drags the
15 mouse 4 with the mouse button clicked on, while looking at the 3D
display screen, which allows the cutting of the intended partial region of
the liver 22 to be carried out easily and continuously.       Also, in this
embodiment, the updating of the memory 9 can be pert:mined when the power
to the personal computer 1 is off, When the physician or other user starts
dragging the 20 mouse 4 while holding down the mouse button, just the
information in the volume rendering calculator 13 is updated in the e tory
9, which provides the user with a visually interactive cutting fi.mction.
Here, volume labels that are being used arc temporarily stored without
updating the memory 9. When the user theneleases the mouse button, the
memory content that had been temporarily stored is reflected in the memory
9. Consequently, a display can be obtained in which the liver 22 (the
cutting object) has been cut down to a certain depth from its surface in 5a
simile drag operation by the user, and display of an excessively cut state
can be prevented.       Also, in this embodiment, the voxel labels are the
same size as the initial voxel information, hut to express more precise
cutting, voxel labels may be produced in a smaller size. With this method,
the tioxel information is not directly edited, and time information is
assigned to the voxel labels, which makes possible operations such as undo
and redo.  10 Also, in this embodiment, surgical simulation can be
performed merely by moving the mouse 4 in a planar fashion. Thus, the
proper surgical simulation can be performed from this standpoint as well.
Other Embodiments       An embodiment of the present invention was
described above, but the present invention is not limited to or by the
above embodiment, and various modifications are possible without departing
from the gist of the invention. (A) 



In the above embodiment, an example was described in which the present
invention was realized as a cutting simulation device, hut the present
invention is not limited to this, 20For example, the present invention may
be realized as a cutting simulation program that causes a computer to
execute the control method shown in FIGS, 5a and 5b.         Further, the
present invention may be realized as a recording medium that stores this
cutting simulation program. (B)  in the above embodiment, an example was
giv.en ia which the voxel information and 5color information of the cut
portion C and the voxel information and color information of he blood
vessels 23 were interchanged after cutting processing of the blood vessels
23 designated as the non-cutting objects, but the present invention is not
limited to this,        For example, just the voxel information of the cut
portion may be interchanged with the voxel information of the non-cutting
objects.       However, as shown in FIG. 7c, in terms of making it easier
to see the blood vessels that are the non-cutting objects, it is preferable
also to interchange the color information of the non-cutting objects for
which different color information is set from that of the cutting object.
(C)  15in the above embodiment, an example was given in which an X-ray CT
image was used as the tornogra.phic image information for forming a 3D
image, but the present invention is not limited to this. 



For example, a 3D image may be formed using to graphic image information
acquired by magnetic resonance imaging (NIRO that does not make use of
radiation. 20(D)         in the above embodiment, an example of the cutting
simulation pertaining to the present invention was given in which the liver
22 was designated as the cutting object and the blood vessels 23 as the
non-cutting objects, but the present invention is not limited to this. For
example, the cutting object may be the stomach, a lung, a kidney, the
pancreas, 5the large intestine, the small intestine, the duodenum, or
another organ, or bone. Alternatively, when the simulation involves cutting
out a tumor or the like present near nerves or bone, then nerves or bone
may be set as the non-cutting. objects.       Also, if even the type of
blood vessel is designated as a non-cutting object, it will also be
possible to display in different colors so that arteries and veins can be
distinguished, by 10suitably designating CT values. (E)        In the above
embodiment, an example was given in which brightness information and color
information about the display object were both varied in the voxel labels
14 designated for cutting by the mouse 4, but the present invention is not
limited to this. 15For example, just brightness information or color
information about the display object may be varied, or both. (F)  



In the above embodiment, the cutting amount (volume) inputted with the
mouse 4 may be displayed on the display 2 as the output of the resection
voxel label calculation and 20display unit 19, which calculates the volume
of the cut voxels.       Alternatively, the cutting depth inputted with the
mouse 4 may be displayed on the display 2.  (3)      In the above
embodiment, an example was given in which a cutting simulation was
performed while the user looked at a 3D image displayed on the screen of
the display 2, hut the prese invention is not limited to this.      For
example, a 2D tomographic image may be projected onto a 3D image indicating
the results of volume rendering, and the cutting operation performed on the
2D tomonraphic image,      Here again, the cutting simulation is performed
so that the cutting operation is reflected by the 3D image, 10(-4)      In
the present invention, the color information setting section 21. may be
provided that converts the voxel intbrination stored in the voxel
information storage section 10 into a 21) or 3D image and displays it on
the display 2, and that changes the color information of the portion of the
cut portion C displayed on the display 2 that is designated with the mouse
4.,      That. is, a color may be intentionally added to a portion that
bothers the physician, for example, in the cutting object displayed on the
display 2, and a grouping of voxel labels 14 may be stored in this stare in
the voxel label storage section 11_       Consequently, information to
which color information has been added is reflected in a multipronged
display extracted from this information. Thus, this portion of interest in.
the 20cutting object can be viewed stereoscopically from all around, and
this cutting simulation can also be carried out, 



(I)        In the present invention, it is also possible to simulate
endoscopic surgery. In this case, the convergence characteristics of a
fisheyc lens or the like provided to an endoscope may be used as a
coordinate conversion table in the volume rendering calculator II (.0 In
the present invention, it is also possible to produce a stereoscopic image
by having a plurality of viewpoints, storing in a plurality of memories the
output image of the volume rendering calculator 13 produced for each
viewpoint, and displaying this output successively from the memories. in
this case, a liquid crystal goggles or the like that are synchronized to
the image 10outputs may he used. INDUSTRIAL APPLICABILITY The cutting
simulation device of he present invention has the effect of allowing an
actual surgical procedure to he expressed in detail by visualizing the
blood vessels, nerves, and so forth that are present inside the cutting
object, and is therefore expected to have broad 15applicability as an
apparatus for cutting simulation in surgical operations. REFERENCE SIGNS
LIST I personal computer (cutting simulation device) 



2 display (display unit)            3 keyboard (input section) 204 mouse
(input section) 5 tablet (input section) 6 tomograpine image information
acquisition section  7 voxel information extractor 8 tomographic image
information section 9 memory I 0 voxel information storage section 11 voxel
label storage section 11 a to 11c first to third voxel label storage
sections 12 color information storage section 13 volume rendering
calculator 14 voxel label 



1015 depth detector 16 bus 17 depth controller 18 voxel label setting
section (display controller) 19 resection voxel label calculation and
display section 1520 window coordinate acquisition section 21 color
information setting section 21a to 21c first to third. color information
setting sections fin 23 blood vessel 20C cut portion  CLAIMS A cutting
simulation device, comprising: 



a tomographie image information acquisition section configured to acquire
torrographie image information;       a memory connected to the tomographie
image information acquisition section, configured to store voxel
information about the tomographie image 'formation;       a volume
rendering calculator connected. to the memory, configured to sample 'oxel
information in a direction perpendicular to the line of sight, on the basis
of the voice" information; 10a display unit cot figured. to display
calculation results 'from the volume rendering calculator;       an input
section with which instructions for cutting a cutting object displayed on
the display unit is inputted; and a display controller configured to
display on the display unit the status of the cutting 15object after
cutting on the basis of the cutting instructions inputted with the input
section, and displaying non-cutting objects included inside the cutting
object, on the display unit in a pre- cut state even after cutting, even,
when included in a cut portion according to the cutting instructions 2.The
cutting simulation device according to Claim 1, 20wherein, if the
non-cutting objects are included in the cut portion, the display controller
switches the voxel data. for the cut portion with voxel data for the
non-cutting objects, and displays the result on the display unit.  



The cutting simulation device according to Claim 1 or 2, wherein color
information is added to the voxel information corresponding to the cutting
object and the non-cutting objects in display on the display unit and the
display controller displays the non-cutting objects on the display unit in
a different 5color from the color of the cutting object, 4. The cutting
simulation device according to any of Claims 1 to 3, wherein a range of CT
values Indicating the extent of spatial X-ray absorption during X-ray
irradiation of a subject is set for the culling object and the non-cutting
objects, and the display controller displays the desired cutting object and
non-cutting objects on 10the display unit on the basis of the C.1 values
inputted via the input section, 5. The cutting simulation device according
to any of Claims Ito 4, wherein the cutting object includes an organ or
bone. 6. The cutting simulation device according to any of Claims I to 5;
where].n the non-cutting object includes blood vessels or nerves. 157.A
cutting simulation program for causing a computer to execute a cutting
simulation 



method comprising: an acquisition step of acquiring tomographic, image
inThrmation;       a volume rendering step of sampling voxei information in
a direction perpendicular to the line of sight, on the basis of voxel infot
t Elation about the tomographic image information; 20a first display step
of displaying calculation results from the volume rendering; and       a
second display step of displaying on the display unit the status of the
cutting object after cutting on the basis of the cutting instructions
inputted with respect to the displayed  cutting object, and displaying
non-cutting, objects included inside the cutting object, on the display
unit in a precut state even after cutting, even when included in a cut
portion according to the cutting instructions. 


