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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a device for dis-
playing a cutting simulation, a method for displaying a
cutting simulation, and a program for displaying a cutting
simulation. In the cutting simulation, consecutive chang-
es in the shape of a workpiece being cut are simulated
on a computer and displayed on the screen of the display
device in conjunction with the shape of a tool being used
at that time.

BACKGROUND ART

[0002] US 2002/133264 A1 relates to a system for cre-
ating a design model, and machine instructions for build-
ing the same, using a virtual-reality-environment user in-
terface. RONI YAGEL ET AL.: "Accelerating volume an-
imation by space-leaping", the Ohio State University De-
partment of Computer and Information Science, 25 Oc-
tober 1993, describes a method for speeding the process
of volume animation. In cutting a workpiece on a machine
tool such as a machining center, a cutting simulation per-
formed to simulate changes in the shape of the workpiece
on acomputeris required to efficiently process the chang-
es in the shape of the workpiece and display consecutive
changes in the shape of the workpiece at high speeds
onascreen. Ingeneral, the cut surface created by cutting
operations may have a complicated shape thatis defined
by the relative motion between the cutting tool and the
workpiece. Therefore, the workpiece shape is often rep-
resented, for example, in a voxel model or a dexel model
that employs a set of so-called cells or minute cubes or
prisms.

[0003] By way of example, a method for performing
high-speed simulations using the voxel or dexel model
is disclosed in Patent Document 1. The method uses the
shape data that is obtained by converting the three-di-
mensional workpiece model into a dexel model. Then,
the method calculates a sweep shape formed when the
tool moves along a travel path and calculates the wedged
and cylindrical shapes that constitute the sweep shape.
Then, the respective bottom surfaces are turned into a
polygon to remove a hidden surface using three-dimen-
sional graphics hardware capable of depth buffering,
thereby creating an intermediate image. At this time, the
upper edge of a dexel is cut off on the basis of a depth
value stored in the depth buffer. The upper end portion
of the dexel is then turned into a polygon, whose hidden
surface is in turn eliminated using the three-dimensional
graphics hardware, thereby creating a final image for dis-
play on a screen.
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PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0004]
3571564

Patent Document 1: Japanese Patent No.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] In general, such a method as found in the con-
ventional technology mentioned above is referred to as
a polygon rendering scheme in which a displayed object
is turned into a polygon to obtain an image with its hidden
surface removed with the help of depth buffering. The
polygon rendering scheme will take a long time to render
polygons that are equivalent in number to the cells form-
ing the voxel or dexel model employed for shape repre-
sentations, though use of these models allow data struc-
tures to be simplified and internal shape processing to
be performed more effectively. Accordingly, such a pol-
ygon rendering scheme is often based on the use of
three-dimensional graphics hardware as in the afore-
mentioned conventional art. However, such high-end
three-dimensional graphics hardware may not be used
in many cases by comparatively inexpensive computers
often found at the place of machining operations.
[0006] On the other hand, the polygon rendering
scheme described above can be replaced with another
rendering scheme, i.e., the ray-tracing method. As shown
in FIG. 2-1, in the ray-tracing method, a ray 203 is pro-
jected from each pixel 202 on the projection plane 201
in the direction of line of sight. Then, at the intersection
205 of the ray 203 and the object surface, color informa-
tion (pixel values such as RGB) is obtained by calculation,
thereby providing a display image. To use the ray-tracing
method for displaying a voxel model 204, cells 206 found
on the way to the object surface have to be sequentially
traced as shown in FIG. 2-2, thereby determining whether
the ray 203 intersects the cells. The determinations of
the presence of intersections can be made relatively sim-
ply, but result in a considerable amount of computation
as a whole because a large number of cells exist and the
ray-tracing is repeated for each and every pixel.

[0007] As such, the ray-tracing method can be em-
ployed to simulate and display on a screen the shape of
a workpiece, which is represented in the voxel model
during its cutting operation. In this case, a considerable
amount of computation required for ray tracing makes it
difficult to perform these operations on an inexpensive,
low-performance computer that has no three-dimension-
al graphics hardware.

[0008] The present invention was developed in view
of the aforementioned problems. It is an object of the
present invention to provide a device for displaying a cut-
ting simulation, a method for displaying a cutting simu-
lation, and a program for displaying a cutting simulation,
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which can reduce the amount of computation required
for ray-tracing and allow changes in the shape of a work-
piece to be easily simulated even on an inexpensive, low-
performance computer with no three-dimensional graph-
ics hardware.

MEANS FOR SOLVING PROBLEM

[0009] In order to solve above-mentioned problems
and to achieve the object, a device for displaying a cutting
simulation according to claim 1 is proposed.

[0010] The rendered workpiece image update section
according to the present invention starts ray tracing at a
location defined by a non-updated previous depth dis-
tance and coordinates of a ray-traced pixel. Further as-
pects of the invention are defined in the claims 2 and 3.
[0011] According to the invention, the refreshing of a
region, in which the tool was previously rendered, and
the display updating of the workpiece with an actual
change in the shape are separated from the display up-
dating of a portion in which the tool is currently rendered.
This minimizes the region that requires image rendering
by ray-tracing. Furthermore, attention is also focused on
the fact that a new surface created by cutting is always
located at a deeper position than the previously viewed
surface before cutting. This fact is reflected on the use
of ray tracing to update a rendered image buffer portion
and a depth buffer portion, which correspond to a ren-
dered region associated with a change in the shape of
the workpiece. Accordingly, the ray tracing is started from
the location that is determined by the previous non-up-
dated depth distance and the coordinates of a ray-traced
pixel.

EFFECT OF THE INVENTION

[0012] According to the invention, the step of creating
an image to be displayed on a screen is divided into two
sub-steps of ray-tracing of a workpiece and ray-tracing
of atool. This allows for ray tracing of only the region that
has to be truly updated, thereby reducing the amount of
computation. Furthermore, the number of times of ray
tracing of pixels which have to be updated from the pre-
viously displayed status is reduced, resulting in the total
amount of computation being decreased. This allows cut-
ting simulations to be performed even on an inexpensive
low-performance computer.

[0013] Furthermore, in ray-tracing of pixels to be up-
dated, the ray tracing starts at a location that is defined
by a non-updated previous depth distance and coordi-
nates of a ray-traced pixel. This allows for eliminating an
unnecessary determination of the presence of an inter-
section between cell and ray. Thus, the number of deter-
minations of cell intersections is reduced and the amount
of computation per tracing for one update is decreased.
It is thus possible to perform a cutting simulation even
on an inexpensive low-performance computer.
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BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a block diagram illustrating the entire con-
figuration of an embodiment of a device for display-
ing a cutting simulation according to the present in-
vention.

FIG. 2-1 is an explanatory view showing a method
for displaying a voxel model by ray tracing, in which
aray is projected in the direction of line of sight from
each pixel on a projection plane to calculate color
information at an intersection of the ray and the ob-
ject surface and thereby obtains a display image.
FIG. 2-2 is an explanatory view showing a method
for displaying a voxel model by ray tracing, in which
cells found on the way until the ray reaches an object
surface are traced sequentially to determine whether
there is an intersection of the ray and the cells.
FIG. 3 is a view illustrating an example of a screen
display update in an embodiment of a device for dis-
playing a cutting simulation according to the present
invention.

FIG. 4-1 is an explanatory view illustrating the basic
principle of ray tracing in a rendered workpiece im-
age update section, showing the result of ray tracing
for a previous screen display update.

FIG. 4-2 is an explanatory view illustrating the basic
principle of ray tracing in the rendered workpiece im-
age update section, showing the ray tracing for a
current screen display update.

FIG.5is aflowchart illustrating the flow of ray tracing
in the rendered workpiece image update section.
FIG. 6 is a flowchart illustrating the flow of ray tracing
in a rendered tool image creation section.

BEST MODES FOR CARRYING OUT THE INVENTION

[0015] Now, embodiments of a device for displaying a
cutting simulation, a method for displaying a cutting sim-
ulation, and a program for displaying a cutting simulation
according to the present invention will be described in
detail below with reference to the accompanying draw-
ings. Note that the invention is not limited to these em-
bodiments.

Embodiments

[0016] FIG. 1 is a block diagram illustrating the entire
configuration of an embodiment of a device for displaying
a cutting simulation according to the present invention.
In FIG. 1, the cutting simulation display device mainly
includes a simulation core section 10 and a simulation
display section 20. The simulation core section 10 rep-
resents the shape of a workpiece using a voxel model
and simulates changes in the shape of the workpiece by
a cutting operation. The simulation display section 20
displays on the screen the shapes of the workpiece that



5 EP 2 282 245 B9 6

consecutively change.

[0017] The simulation core section 10 includes work-
piece shape data 11, tool path data 12, and a cutting
simulation section 13. The workpiece shape data 11 is
stored in the storage of the device and represented in a
voxel model. Similarly, the tool path data 12 is stored in
the storage of the device and includes information of tool
shapes and tool travel paths. The cutting simulation sec-
tion 13 updates the workpiece shape data 11 on the basis
of the tool path data 12.

[0018] On the other hand, the simulation display sec-
tion 20 includes projection parameters 21, a rendered
workpiece image buffer 22, a rendered workpiece depth
buffer 23, a screen display frame buffer 24, updated ren-
dering region management data 25, a rendered work-
piece image update section 26, tool rendering region
management data 27, a rendered tool image creation
section 28, and an image transfer section 29. The pro-
jection parameters 21 include, for example, the direction
of line of sight and illumination conditions for rendering
the workpiece and the tool. The rendered workpiece im-
age buffer 22 holds only an image of the workpiece ren-
dered by projection in the direction of line of sight. The
rendered workpiece depth buffer 23 holds the depth dis-
tance of each pixel from the projection plane to the work-
piece surface when the single workpiece is rendered by
projection in the direction of line of sight. The screen dis-
play frame buffer 24 holds a rendered image of the work-
piece and the tool to display it on the screen such as a
CRT. The updated rendering region management data
25 manages the region information required to be updat-
ed in the rendered workpiece image buffer 22 and the
rendered workpiece depth buffer 23. The rendered work-
piece image update section 26 recalculates the data of
the rendered workpiece image buffer 22 and the ren-
dered workpiece depth buffer 23 by ray tracing from the
workpiece shape data (voxel) 11. The tool rendering re-
gion management data 27 manages a region in which
the toolwas rendered in the previous display update. The
rendered tool image creation section 28 creates a pro-
jected rendering image of and near the tool by ray tracing
on the basis of the tool shape in the tool path data 12
and at the end of the travel path, i.e., the current position
of the tool. The image transfer section 29 transfers to the
screen display frame buffer 24 the image data of an up-
dated region in the rendered workpiece image buffer 22
and the rendered tool image created by the rendered tool
image creation section 28.

[0019] Here, the rendered workpiece image buffer 22,
the rendered workpiece depth buffer 23, and the screen
display frame buffer 24 have the same number of pixels
(width by height). Furthermore, the updated rendering
region management data 25 represents an updated re-
gion with the coordinates of two vertices on the diagonal
line and is initialized so as to be displayed on the entire
screen at the beginning of a simulation.

[0020] Atthe beginning of a simulation, the workpiece
shape data 11 represents the shape of an unprocessed
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workpiece. Only at the start of the simulation, the ren-
dered workpiece image update section 26 calculates and
initializes by ray tracing the data of both the rendered
workpiece image buffer 22 and the rendered workpiece
depth buffer 23 for the entire display region. The image
transfer section 29 then transfers the data of the entire
region of the rendered workpiece image buffer 22 to the
screen display frame buffer 24. After the initial display is
completed in this manner, the updated rendering region
management data 25 is cleared to null.

[0021] Now, operations during the simulation will be
described. FIG. 3 illustrates a typical example of updated
screen display during a simulation. This figure illustrates
non-updated display contents or previous display con-
tents denoted by 301 and the display contents resulting
from the current display update denoted by 304. 306
shown by short dashed lines in the figure is a rendering
region corresponding to a change in shape of aworkpiece
302. 307 denotes a region in which a not-yet-displaced
tool 303 was previously rendered, whereas 308 denotes
aregion in which a displaced tool 305 will be rendered.
In updating screen display, related data has to be updat-
ed so that at least these regions 306 to 307 display the
latest contents.

[0022] Now, the operation of each section will be de-
scribed. The cutting simulation section 13 reads tool
shape information and one step of path information from
the tool path data 12 to simulate a cutting operation as-
sociated with a tool movement, and updates the work-
piece shape data 11 based on the result. The cutting is
simulated, for example, by performing a difference
Boolean operation on the workpiece shape data 11 to
subtract a swept tool shape, obtained by sweeping the
tool shape along the path of movement, from the work-
piece shape.

[0023] Each time one step of cutting simulation is com-
pleted, the cutting simulation section 13 sends, to the
rendered workpiece image update section 26, the three-
dimensional region data which has been changed by the
cutting. Here, the three-dimensional region data is as-
sumed to be a three-dimensional inclusion box surround-
ing the changed portion of the workpiece shape. The ren-
dered workpiece image update section 26 calculates a
two-dimensional updated region, which is obtained by
projecting the received three-dimensional region data
with the projection parameters 21, and updates the up-
dated rendering region management data 25.

[0024] Now, the rendered workpiece image update
section 26 calculates the pixel data (RGB values) and
the depth distance by ray tracing for the pixels included
in the updated region using the updated rendering region
management data 25. The rendered workpiece image
update section 26 then updates the rendered workpiece
image buffer 22 and the rendered workpiece depth buffer
23.

[0025] Here, the coordinates of the current pixel to be
processed are assumed to be (u, v). FIGS. 4-1 and 4-2
each are an explanatory cross-sectional view illustrating
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the basic principle of ray tracing in the rendered work-
piece image update section 26 when the projection plane
is viewed horizontally from the side. FIG. 4-1 illustrates
the result of the ray tracing in the previous screen display
update. In the figure, the depth distance (depth distance
w) 403 from the target pixel (pixel (u, v)) 402 on the pro-
jection plane 401 to the surface of the workpiece shape
404 is calculated and stored in the rendered workpiece
depth buffer 23.

[0026] FIG. 4-2illustrates the ray tracing in the current
screen display update. In the figure, the current ray trac-
ing starts at a point (ray tracing start point P) 406 spaced
apart from the target pixel 402 by the depth distance 403.
The ray tracing start point 406 is located on the surface
of the workpiece shape at the time of the previous screen
display update. However, when the cutting has changed
the workpiece shape 404 in FIG. 4-1 into the workpiece
shape 405 in FIG. 4-2, the new surface of the shape
always appears at a deeper position in the direction of
line of sight (see aray (ray L) 407 in FIG. 4-2). Therefore,
the ray tracing started at the point 406 still provides a
proper result of rendering.

[Ray tracing by the rendered workpiece image update
section (Ray tracing of workpiece)]

[0027] FIG. 5is a flowchart illustrating the operation of
the ray tracing in the rendered workpiece image update
section 26. Note that symbols in the flowchart are used
in a basic model for ray tracing (see FIGS. 4-1 and 4-2).
Referringto FIG. 5, in step S101, the rendered workpiece
image update section 26 first reads the rendered work-
piece depth buffer 23 for the depth distance w to the pixel
of interest. Next, in step S102, a three-dimensional co-
ordinate point q(u, v, w) obtained by combining the pixel
coordinates (u, v) and the depth distance w is converted
into the coordinate system of the workpiece shape data
to find the three-dimensional coordinates P(x, y, z). Sub-
sequently, in step S103, a line segment L perpendicular
to the projection plane and starting at a point P in the
direction of depth is calculated as ray data. In step S104,
the voxel model as workpiece shape data is searched
for cell C which includes the point P.

[0028] Ray tracing takes place in the loop from steps
S105to S107. In step S105, it is determined whether the
ray L intersects the surface of the workpiece shape within
the cell C of interest. If "Yes," the process exits the loop
and proceeds to step S108. If "No," it is determined in
step S106 whether there is a cell adjacent to the cell C
of interest via an interface, on which the cell C intersects
the ray L in a deeper position among 6 interfaces of the
cell C. If there is an adjacent cell, the adjacent cell is
employed as a new cell C of interest in step S107, and
the process returns to step S105. If there is no adjacent
cell, the process moves to step S111.

[0029] Steps S108to S110are appliedto acase where
the ray L intersects the surface of the workpiece shape
within the cell C of interest. In step S108, the point of
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intersection X is calculated. Next, in step S109, the pixel
data (the luminance of each of RGB) is calculated based
on the normal vector to the workpiece shape and the
illumination condition at the point of intersection X from
the projection parameters 21, and then stored at the as-
sociated position in the rendered workpiece image buffer
22. In step S110, the distance from the projection plane
to the point of intersection X (the depth distance) is cal-
culated and stored at the associated position in the ren-
dered workpiece depth buffer 23. Then, the process exits
the ray tracing.

[0030] Step S111 is applied to the case where the ray
L passes through the voxel model without intersecting
the workpiece shape. In this case, a predetermined back-
ground color is stored at the associated position in the
rendered workpiece image buffer 22, and a background
distance of a sufficiently large value is stored at the as-
sociated position in the rendered workpiece depth buffer
23.

[0031] Note thatthe presentembodimentis configured
such that the rendered workpiece image buffer 22 and
the rendered workpiece depth buffer 23 hold the ren-
dered image data and the depth distance data of the
workpiece shape to be cut. However, it is also acceptable
to store data created by combining the projected ren-
dered image and the depth distance data calculated rel-
ative to another object, such as a workpiece fixture, which
islocated ataninvariant position relative to the workpiece
during a cutting simulation.

[0032] The rendered tool image creation section 28
creates a projected rendered image of and near the tool.
This is done when the data associated with all the pixels
to be updated in the rendered workpiece image buffer 22
and the rendered workpiece depth buffer 23 has been
updated by ray tracing as described above. The current
processing also creates images by ray tracing.

[0033] Thetargetregioninwhicharenderedtoolimage
is produced is a two-dimensional region on which the
three-dimensional inclusion box surrounding the tool
shape at the current position is projected with the projec-
tion parameters 21 on the basis of the tool shape infor-
mation and the current tool position (the end of a travel
path) stored in the tool path data 12. For the pixels in-
cluded in this two-dimensional region, an image is cre-
ated by ray tracing.

[Ray tracing by the rendered tool image creation section
(ray tracing for tool)]

[0034] FIG. 6is aflowchart illustrating the operation of
ray tracing in the rendered tool image creation section
28. Note that symbols in the flowchart are used in a basic
model of ray tracing (see FIGS. 4-1 and 4-2). Referring
to FIG. 6, in step S201, the rendered tool image creation
section 28 first calculates, as ray data, a line segment L
perpendicular to the projection plane and starting from
the pixel to be processed in the direction of depth. Next,
in step S202, it is determined whether the ray L intersects
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the surface of the tool shape. If "Yes," the process pro-
ceeds to step S203. In step S203, the point of intersection
X of the ray L and the surface of the tool shape is calcu-
lated. Next, in step S204, the depth distance d from the
projection plane to the point of intersection X is calculat-
ed. Then, in step S205, the depth distance w associated
with the pixel of interest is read from the rendered work-
piece depth buffer 23. In step S206, the depth distances
d and w are compared.

[0035] Step S207 is applied to the case where d <w
in step S206, i.e., the tool shape is positioned before the
workpiece shape. In this case, the pixel data (the lumi-
nance of each of RGB) is calculated based on the normal
vector to the tool shape and the illumination condition at
the point of intersection X from the projection parameters
21. Then, the pixel data is stored as pixel data of a ren-
dered tool image. Step S208 is applied to the case where
the ray L doesn’t intersect the surface of the tool shape
in step S202 or where d > w in step S2086, i.e., the tool
shape is located in a deeper position than the workpiece
shape. In this case, the pixel data associated with the
pixel of interest is read from the rendered workpiece im-
age buffer 22 and employed as the pixel data of the ren-
dered tool image.

[0036] Finally, the image transfer section 29 transfers,
to the screen display frame buffer 24, partial image data
in the rendered workpiece image buffer 22 and the ren-
dered tool image data created in the rendered tool image
creation section 28.

[0037] Here, the partial image data of the regions cor-
responding to the updated region stored in the updated
rendering region management data 25 and the previous
tool rendering region stored in the tool rendering region
management data 27 is read from the rendered work-
piece image buffer 22, and then transferred to the screen
display frame buffer 24. Subsequently, the rendered tool
image data created by the rendered tool image creation
section 28 is transferred to the screen display frame buff-
er 24. When the image transfer to the screen display
frame buffer 24 is completed, the image transfer section
29 clears the updated rendering region management da-
ta 25 and sets the region of the current rendered tool
image to the tool rendering region management data 27.
[0038] As described above, according to the present
embodiment, the image to be displayed on the screen is
created in two processing steps: workpiece ray tracing
and tool ray tracing. This allows for performing the ray
tracing only on the region truly required to be updated,
thereby reducing the amount of computation. Further-
more, as described above, the ray tracing of the work-
piece and the tool can be performed separately in this
manner, thereby making each ray tracing adequate and
efficient. Furthermore, the workpiece ray tracing uses the
previously determined depth distance to eliminate the
need of an unnecessary determination of an intersection
of the ray and the cell, thereby reducing the amount of
computation.

[0039] In the present embodiment, the device for dis-
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playing a cutting simulation is configured to include the
rendered workpiece image update section 26 for ray trac-
ing of the workpiece and the rendered tool image creation
section 28 for ray tracing of the tool. However, it is also
acceptable to update only rendered images of a change
in the workpiece shape without the rendered tool image
creation section 28. This arrangement eliminates the
need of creating a rendered tool image and transferring
an image of a tool rendering region, thus further reducing
the amount of computation.

[0040] As such, a cutting simulation system according
to the present embodiment allows a cutting simulation
by representing the shape of a workpiece in the voxel
model and simulating changes in the workpiece shape
made by cutting operations. This cutting simulation can
be performed even with a small amount of computation,
thus implementing the cutting simulation even on an in-
expensive low-performance computer.

INDUSTRIAL APPLICABILITY

[0041] As described above, the present invention can
be effectively applied to a simulation which employs a
voxel model to represent the shape of an object and sim-
ulate it on a computer. In particular, the invention is suit-
able to a cutting simulation in which a computer simulates
changes in the workpiece shape or a complicated cut
surface that is created during a cutting operation and
defined by the relative motion between the tool and the
workpiece.

EXPLANATIONS OF LETTERS OR NUMERALS
[0042]

10 Simulation core section

11 Workpiece shape data represented in voxel mod-
el

12 Tool path data including information of tool
shapes and tool travel paths

13 Cutting simulation section

20 Simulation display section

21 Projection parameters

22 Rendered workpiece image buffer

23 Rendered workpiece depth buffer

24 Screen display frame buffer

25 Updated rendering region management data
26 Rendered workpiece image update section
27 Tool rendering region management data

28 Rendered tool image creation section

29 Image transfer section

201 Projection plane

202 Target pixel for ray tracing

203 Ray

204 Voxel model

205 Intersection of ray and object

206 Cell found on a way of ray

301 Previous rendering
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302 Workpiece

303 Not-yet-displaced tool

304 Current rendering

305 Displaced tool

306 Region in which the workpiece shape was
changed

307 Region in which the tool was previously ren-
dered

308 Region in which the tool will be rendered

401 Projection plane

402 Pixel

403 Depth distance

404, 405 Workpiece shape

406 Ray-tracing start point

407 Ray

Claims

1. A device for displaying a cutting simulation for rep-
resenting a shape of a workpiece in a voxel model
to simulate a change in the shape of the workpiece
by a cutting operation, the device comprising:

arendered workpiece image update section (26)
for managing a rendered workpiece image buff-
er (22) and a rendered workpiece depth buffer
(23) to hold image data and depth distance data
of a projected image of the workpiece and up-
dating by ray tracing a portion in the rendered
workpiece image buffer (22) and the rendered
workpiece depth buffer (23), the portion being
associated with a rendering region correspond-
ing to a change in the shape of the workpiece,
wherein the rendered workpiece image update
section (26) starts ray tracing at a location on
the surface of the workpiece shape at the time
of the previous screen display update defined
by a depth distance (w) and coordinates (u,v) of
a ray-traced pixel, wherein

the rendered workpiece image update section
26 firstreads the rendered workpiece depth buff-
er 23 for the depth distance (w) to the ray-traced
pixel;

a three-dimensional coordinate point q(u, v, w)
obtained by combining the pixel coordinates (u,
v) and the depth distance (w) is converted into
the coordinate system of the workpiece shape
data to find the three-dimensional coordinate
point P(x, y, z), and

a line segment (L) perpendicular to the projec-
tion plane associated with the projected image
and starting at the point P in the direction of
depth is calculated as ray data.

2. A method for displaying a cutting simulation for rep-
resenting a shape of a workpiece in a voxel model
to simulate a change in the shape of the workpiece
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by a cutting operation, the method comprising:

a rendered workpiece image update step of
managing a rendered workpiece image buffer
(22) and a rendered workpiece depth buffer (23)
to hold image data and depth distance data of
a projected image of the workpiece and updating
by ray tracing a portion in the rendered work-
piece image buffer (22) and the rendered work-
piece depth buffer (23), the portion being asso-
ciated with a rendering region corresponding to
a change in the shape of the workpiece,
wherein the rendered workpiece image update
step includes starting ray tracing at a location
on the surface of the workpiece shape at the
time of the previous screen display update de-
fined by a depth distance (w) and coordinates
(u, v) of a ray-traced pixel,

wherein the rendered workpiece image update
section (26) first reads the rendered workpiece
depth buffer (23) for the depth distance (w) to
the ray-traced pixel;

a three-dimensional coordinate point q(u, v, w)
obtained by combining the pixel coordinates (u,
v) and the depth distance (w) is converted into
the coordinate system of the workpiece shape
data to find the three-dimensional coordinate
point P(x, y, z), and

a line segment (L) perpendicular to the projec-
tion plane associated with the projected image
and starting at the point P in the direction of
depth is calculated as ray data.

A program executed on a computer for displaying a
cutting simulation for representing a shape of a work-
piece in a voxel model to simulate a change in the
shape of the workpiece by a cutting operation, the
program comprising:

a rendered workpiece image update procedure
of managing a rendered workpiece image buffer
and a rendered workpiece depth buffer to hold
image data and depth distance data of a pro-
jected image of the workpiece and updating by
ray tracing a portion in the rendered workpiece
image buffer and the rendered workpiece depth
buffer, the portion being associated with a ren-
dering region corresponding to a change in the
shape of the workpiece,

wherein the rendered workpiece image update
procedure includes starting ray tracing at a lo-
cation on the surface of the workpiece shape at
the time of the previous screen display update
defined by a depth distance (w) and coordinates
(u, v) of a ray-traced pixel,

wherein the rendered workpiece image update
section 26 first reads the rendered workpiece
depth buffer 23 for the depth distance (w) to the
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ray-traced pixel;

a three-dimensional coordinate point q(u, v, w)
obtained by combining the pixel coordinates (u,
v) and the depth distance (w) is converted into
the coordinate system of the workpiece shape
data to find the three-dimensional coordinate
point P(x, y, z), and

a line segment (L) perpendicular to the projec-
tion plane associated with the projected image
and starting at the point P in the direction of
depth is calculated as ray data.

Patentanspriiche

1.

Vorrichtung zum Anzeigen einer Schneidesimulati-
on zum Darstellen einer Form eines Werkstlicks in
einem Voxel-Modell, um eine Anderung an der Form
des Werkstlcks durch einen Schneidevorgang zu
simulieren, wobei die Vorrichtung umfasst:

einen Wiedergabewerkstlickbildaktualisie-
rungsabschnitt (26) zum Verwalten eines Wie-
dergabewerkstiickbildspeichers (22) und eines
Wiedergabewerkstulicktiefenspeichers (23), um
Bilddaten und Tiefendistanzdaten eines proji-
zierten Bilds des Werkstiicks vorzuhalten und
durch Strahlverfolgung (ray tracing) einen Ab-
schnitt in dem Wiedergabewerkstlickbildspei-
cher (22) und dem Wiedergabewerkstiicktiefen-
speicher (23) zu aktualisieren, wobei der Ab-
schnitt mit einem Wiedergabebereich zusam-
menhangt, der einer Anderung an der Form des
Werkstlicks entspricht,

wobei der Wiedergabewerkstlickbildaktualisie-
rungsabschnitt (26) die Strahlverfolgung an ei-
ner Stelle auf der Oberflache der Werkstuickform
zum Zeitpunkt der vorherigen Bildschirmaktua-
lisierung beginnt, die durch eine Tiefendistanz
(w) und Koordinaten (u, v) eines strahlverfolgten
Pixels definiert ist, wobei

der Wiedergabewerkstickbildaktualisierungs-
abschnitt (26) zuerst den Wiedergabewerk-
stucktiefenspeicher (23) auf die Tiefendistanz
(w) zum strahlverfolgten Pixel hin ausliest;

ein dreidimensionaler Koordinatenpunkt q (u, v,
w), der erhalten wird, indem die Pixel-Koordina-
ten (u, v) und die Tiefendistanz (w) kombiniert
werden, in das Koordinatensystem der Werk-
stiickformdaten umgesetzt wird, um den dreidi-
mensionalen Koordinatenpunkt P (x, y, z) zu fin-
den, und

ein Liniensegment (L) senkrecht zu der Projek-
tionsebene, die mit dem projizierten Bild zusam-
menhangt und an dem Punkt P in der Tiefen-
richtung beginnt, als Strahldaten berechnet
wird.
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2.

Verfahren zum Anzeigen einer Schneidesimulation
zum Darstellen einer Form eines Werkstlicks in ei-
nem Voxel-Modell, um eine Anderung an der Form
des Werkstlicks durch einen Schneidevorgang zu
simulieren, wobei das Verfahren umfasst:

einen Wiedergabewerkstiickbildaktualisie-
rungsschritt, bei dem ein Wiedergabewerk-
stlickbildspeicher (22) und ein Wiedergabe-
werkstiicktiefenspeicher (23) verwaltet werden,
um Bilddaten und Tiefendistanzdaten eines pro-
jizierten Bilds des Werkstlicks vorzuhalten und
durch Strahlverfolgung einen Abschnitt in dem
Wiedergabewerkstiickbildspeicher (22) und
dem Wiedergabewerkstulcktiefenspeicher (23)
zu aktualisieren, wobei der Abschnitt mit einem
Wiedergabebereich zusammenhangt, der einer
Anderung an der Form des Werkstiicks ent-
spricht,

wobei der Wiedergabewerkstiickbildaktualisie-
rungsschritt umfasst, die Strahlverfolgung an ei-
ner Stelle aufder Oberflache der Werksttckform
zum Zeitpunkt der vorherigen Bildschirmaktua-
lisierung zu beginnen, die durch eine Tiefendis-
tanz (w) und Koordinaten (u, v) eines strahlver-
folgten Pixels definiert ist,

wobei der Wiedergabewerkstiickbildaktualisie-
rungsabschnitt (26) zuerst den Wiedergabe-
werkstiicktiefenspeicher (23) auf die Tiefendis-
tanz (w) zum strahlverfolgten Pixel hin ausliest;
ein dreidimensionaler Koordinatenpunkt q (u, v,
w), der erhalten wird, indem die Pixel-Koordina-
ten (u, v) und die Tiefendistanz (w) kombiniert
werden, in das Koordinatensystem der Werk-
stlickformdaten umgesetzt wird, um den dreidi-
mensionalen Koordinatenpunkt P (x, y, z) zu fin-
den, und

ein Liniensegment (L) senkrecht zu der Projek-
tionsebene, die mitdem projizierten Bild zusam-
menhangt und an dem Punkt P in der Tiefen-
richtung beginnt, als Strahldaten berechnet
wird.

Programm, das auf einem Computer zum Anzeigen
einer Schneidesimulation zum Darstellen einer Form
eines Werkstlicks in einem Voxel-Modell ablauft, um
eine Anderung an der Form des Werkstiicks durch
einen Schneidevorgang zu simulieren, wobei das
Programm umfasst:

eine Wiedergabewerkstiickbildaktualisierungs-
prozedur, bei der ein Wiedergabewerkstlckbild-
speicher und ein Wiedergabewerkstiicktiefen-
speicher verwaltet werden, um Bilddaten und
Tiefendistanzdaten eines projizierten Bilds des
Werkstlicks vorzuhalten und durch Strahlverfol-
gung einen Abschnitt in dem Wiedergabewerk-
stlickbildspeicher und dem Wiedergabewerk-



15 EP 2 282 245 B9 16

stlcktiefenspeicher zu aktualisieren, wobei der
Abschnitt mit einem Wiedergabebereich zu-
sammenhangt, der einer Anderung an der Form
des Werkstlicks entspricht,

wobei die Wiedergabewerkstlickbildaktualisie-
rungsprozedur umfasst, die Strahlverfolgung an
einer Stelle auf der Oberflache der Werkstiick-
form zum Zeitpunkt der vorherigen Bildschir-
maktualisierung zu beginnen, die durch eine
Tiefendistanz (w) und Koordinaten (u, v) eines
strahlverfolgten Pixels definiert ist,

wobei der Wiedergabewerkstlickbildaktualisie-
rungsabschnitt (26) zuerst den Wiedergabe-
werkstiicktiefenspeicher (23) auf die Tiefendis-
tanz (w) zum strahlverfolgten Pixel hin ausliest;
ein dreidimensionaler Koordinatenpunkt q (u, v,
w), der erhalten wird, indem die Pixel-Koordina-
ten (u, v) und die Tiefendistanz (w) kombiniert
werden, in das Koordinatensystem der Werk-
stiickformdaten umgesetzt wird, um den dreidi-
mensionalen Koordinatenpunkt P (x, y, z) zu fin-
den, und

ein Liniensegment (L) senkrecht zu der Projek-
tionsebene, die mit dem projizierten Bild zusam-
menhangt und an dem Punkt P in der Tiefen-
richtung beginnt, als Strahldaten berechnet
wird.

Revendications

1. Dispositif d’affichage d’une simulation de coupe des-
tinée a représenter une forme d’'une piéce a usiner
dans un modele voxel pour simuler un changement
dans la forme de la piéce a usiner par une opération
de coupe, le dispositif comprenant :

une section de mise a jour d'image rendue de
piéce a usiner (26) destinée a gérer un tampon
d’'image rendue de piece a usiner (22) etun tam-
pon de profondeur rendue de piéce a usiner (23)
pour garder des données d’'image et des don-
nées de distance de profondeur d’'une image
projetée de la piece a usiner et a mettre a jour,
par lancer de rayon, une partie dans le tampon
d’'image rendue de piéce a usiner (22) et le tam-
pon de profondeur rendue de piece a usiner
(23), la partie étant associée a une région de
rendu correspondant a un changement dans la
forme de la piéce a usiner,

sachant que la section de mise a jour d'image
rendue de piéce a usiner (26) démarre un lancer
de rayon a un emplacement sur la surface de la
forme de piece a usiner au moment de la pré-
cédente mise a jour d’affichage d’écran défini
par une distance de profondeur (w) et des coor-
données (u, v) d'un pixel obtenu par lancer de
rayon,
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10

sachant que la section de mise a jour d’'image
rendue de piece a usiner (26) lit d’abord le tam-
pon de profondeur rendue de piéce a usiner (23)
pour la distance de profondeur (w) au pixel ob-
tenu par lancer de rayon ;

un point de coordonnées tridimensionnel q (u,
v, W) obtenu en combinant les coordonnées de
pixel (u, v) et la distance de profondeur (w) est
converti dans le systéme de coordonnées des
données de forme de piéce a usiner pour trouver
le point de coordonnées tridimensionnel P (x, y,
z), et

un segment de ligne (L) perpendiculaire au plan
de projection associé a 'image projetée et com-
mengant au point P dans la direction de profon-
deur est calculé comme données de rayon.

2. Procédé d’affichage d’une simulation de coupe des-
tinée a représenter une forme d'une piéce a usiner
dans un modéle voxel pour simuler un changement
dans la forme de la piéce a usiner par une opération
de coupe, le procédé comprenant :

une étape de mise a jour d'image rendue de
piéce a usiner consistant a gérer un tampon
d’'image rendue de piéce a usiner (22) etun tam-
pon de profondeur rendue de piéce a usiner (23)
pour garder des données d’'image et des don-
nées de distance de profondeur d’'une image
projetée de la piéce a usiner et a mettre a jour,
par lancer de rayon, une partie dans le tampon
d’'image rendue de piéce a usiner (22) et le tam-
pon de profondeur rendue de piece a usiner
(23), la partie étant associée a une région de
rendu correspondant a un changement dans la
forme de la piéce a usiner,

sachant que I'étape de mise a jour d’'image ren-
due de piece a usiner inclut le démarrage d’'un
lancer de rayon a un emplacement surla surface
de la forme de piéce a usiner au moment de la
précédente mise a jour d’affichage d’écran dé-
fini par une distance de profondeur (w) et des
coordonnées (u, v) d'un pixel obtenu par lancer
de rayon,

sachant que la section de mise a jour d’'image
rendue de piece a usiner (26) lit d’abord le tam-
pon de profondeur rendue de piéce a usiner (23)
pour la distance de profondeur (w) au pixel ob-
tenu par lancer de rayon ;

un point de coordonnées tridimensionnel q (u,
v, W) obtenu en combinant les coordonnées de
pixel (u, v) et la distance de profondeur (w) est
converti dans le systéme de coordonnées des
données de forme de piéce a usiner pour trouver
le point de coordonnées tridimensionnel P (x, y,
z), et

un segment de ligne (L) perpendiculaire au plan
de projection associé a 'image projetée et com-
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mencgant au point P dans la direction de profon-
deur est calculé comme données de rayon.

Programme exécuté sur un ordinateur pour afficher
une simulation de coupe destinée a représenterune 5
forme d’'une piece a usiner dans un modéle voxel
pour simuler un changement dans la forme de la
pieéce a usiner par une opération de coupe, le pro-
gramme comprenant :
10
une procédure de mise a jour d’'image rendue
de piéce a usiner consistant a gérer un tampon
d’'image rendue de piéce a usiner et un tampon
de profondeur rendue de piéce a usiner pour
garder des données d'image et des donnéesde 75
distance de profondeur d’'une image projetée de
la piéce a usiner et a mettre a jour, par lancer
de rayon, une partie dans le tampon d'image
rendue de piece a usiner et le tampon de pro-
fondeur rendue de piéce a usiner, la partie étant 20
associée a une région de rendu correspondant
a un changement dans la forme de la piece a
usiner,
sachantque la procédure de mise ajourd'image
rendue de piéce a usinerinclut le démarragedu 25
lancer de rayon a un emplacement surla surface
de la forme de piéce a usiner au moment de la
précédente mise a jour d’affichage d’écran dé-
fini par une distance de profondeur (w) et des
coordonnées (u, v) d'un pixel obtenu par lancer 30
de rayon,
sachant que la section de mise a jour d'image
rendue de piece a usiner (26) lit d’abord le tam-
pon de profondeur rendue de piéce a usiner (23)
pour la distance de profondeur (w) au pixel ob- 35
tenu par lancer de rayon ;
un point de coordonnées tridimensionnel q (u,
v, w) obtenu en combinant les coordonnées de
pixel (u, v) et la distance de profondeur (w) est
converti dans le systéme de coordonnées des 40
données de forme de piéce a usiner pour trouver
le point de coordonnées tridimensionnel P (x, y,
z), et
un segment de ligne (L) perpendiculaire au plan
de projection associé a l'image projetée etcom- 45
mengant au point P dans la direction de profon-
deur est calculé comme données de rayon.
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FIG.5
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