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(54) Displaying objects with geometric constraints

(67) A geometric constraint memory processing section 1 causes a data memory section 4 to temporarily
store geometric constraint conditions inputted by an input unit 2. A geometric constraint display data
processing section 12a creates geometric constraint display data from individual items of geometric constraint
data read from this data memory section. An assembly processing unit 11 shifts solid shape data created by a
solid shape creating unit within a display space on the basis of the geometric constraint data and thus creates
three-dimensional model display data. A display processing unit 3 displays all the geometric constraint
conditions in superposition on the three-dimensional model displayed by the three-dimensional model display
data as symbols indicating different geometric restraints. Thus triangles indicate surfaces which are parallel or
coplanar, squares indicate surfaces which are perpendicular and dimensioned arrows indicate surfaces a fixed
distance apart. Objects can be moved relative to each other by charging the relative constraints.
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GEOMETRIC CONSTRAINT CONDITION DISPLAYING APPARATUS

The present invention relates to a geometric
constraint condition displaying apparatus for displaying
geometric constraint conditions between multidimensional
graphics constituting a multidimensional model when
assembling the multidimensional model on a

multidimensional CAD.

For assembling a three-dimensional model of a
structure, etc. by use of a three-dimensional CAD, it is
the simplest to employ a method of defining points, lines
and surfaces (which configure the three-dimensional model)
by directly designating coordinate values on three-
dimensional coordinates. According to this method,
however, it is not easy to change positional relationships
between individual solids serving as parts configuring the
three-dimensional model. For this reason, a method of
defining geometric constraint conditions for the solid has
hitherto been developed.

Giving a specific description of this method, each of



solids serving as parts configuring the three-dimensional
model will be defined by use of the three-dimensional
coordinates independent of coordinates of a space for
assembling the three-dimensional model. Next, a solid
serving as a basis (hereinafter termed a "fiducial solid")
among the thus defined solids is so disposed in an
arbitrary coordinate position within the space for
assembling the above three-dimensional model as to be
oriented in an arbitrary direction. Then, other solids
(hereinafter referred to as "constrained solids") are,
when disposed in this space, located by setting a
plurality of (normally three or more) geometric constraint
conditions (a "surface-to-surface coincides", a "line-to-
l1ine coincidence", etc.) with respect to the fiducial
solid.

An example of the geometric constraint condition will
be explained with reference to FIG. 9. FIG. 9 illustrates
a state where two solids 101, 102 are defined within the
space where the three-dimensional model is assembled.

Now, it is assumed that the solid (rectangular
parallelopiped) 101 serves as a fiducial solid. In this
case, when defining at least one of distance relationships

petween the solids 101 and 102 and two of relationships



between the surfaces forming the individual solids 101,
102, a position and a direction of the cube (rectangular
parallelopiped) 102 within this space can be determined.
Specifically, for example, there may be defined a
relationship of "a surface 1A of the solid 101 and a
surface 2A of the solid 102 coincides", a relationship of
"a surface 1B of the solid 101 and a surface 2B of the
solid 102 coincides" and a relationship of " a distance
between a surface 1C of the solid 101 and a surface 2C of
the solid 102 is 100".

When using such geometric constraint conditions, the
following advantages are to be obtained. That is, if one
of the minimum geometric constraint conditions required
for determining a position and a direction of the
constrained solid is deleted, it follows that the
constrained solid has one degree of freedom with respect
to the fiducial cube. Namely, the constrained solid is
shiftable in the direction to which this degree of freedom
is given. Accordingly, a positional relationship or
directional relationship between the solids can be
determined simply by setting a new geometric constraint
condition within a range of this degree of freedom. For

instance, this goes such that the initial geometric



constraint condition decided such as "the surface 1A of
the solid 101 and the surface 2A of the solid 102 are
parallel planes" is changed to a geometric constraint
condition of "the surface 1A of the solid 101 and the
surface 2A of the solid 102 coincides". Similarly, the
position and the direction of the constrained solid can be
arbitrarily redetermined by arbitrarily resetting the
remaining geometric constraint conditions.

In the conventional three-dimensional CAD system
using the above-mentioned geometric constraint conditions,
however, after the minimum geometric constraint conditions
needed have been once set, qualitative constraint
conditions are not displayed on the screen of the three-
dimensional CAD system. That is, as illustrated in FIG.
10, though a quantitative geometric constraint condition
expressible as a qgquantity as in the case of a "surface-to-
surface distance", the gualitative geometric constraint
conditions such as the "surface-to-surface coincides", the
“line-to-line coincidence" and so on are not displayed on
the screen.

For this reason, after the minimum geometric
constraint conditions have been once set, it is impossible

to recognize which geometric constraint condition has been



set. Accordingly, after setting the geometric constraint
conditions, some of the thus set geometric constraint
conditions can not be selected and then edited, that is,
they can not be deleted or changed.

Therefore, in the conventional three-dimensional CAD
system, if the geometric constraint conditions are changed
after the minimum geometric constraint conditions have
been once set, and even if they are some of the all
geometric constraint conditions, this requires such
operations that all the set geometric constraint
conditions are to be once deleted, and the geometric
constraint conditions are newly reset once again.

As described above, there is a problem inherent in
the conventional three-dimensional CAD system, wherein an
operation efficiency to change the geometric constraint

conditions for shifting the solid is poor.

It is a primary object of the present invention,
which was devised in view of the problems given above, to
provide a geometric constraint condition displaying apparatus in

which it is easy to edit geometric constraint conditions and



which is therefore capable of moving multidimensional
graphics with improved efficiency.

A geometric constraint condition displaying apparatus
according to the present invention may display geometric
constraint conditions for regulating positional
relationships between elements of a plurality of
multidimensional graphics arranged within a
multidimensional space. This geometric constraint
condition displaying apparatus mMmay comprise a tirst memory
section for storing plural items of graphic display data
for displaying each of the plurality of multidimensional
graphics and a second memory section for storing the
geometric constraint conditions. The apparatus may further
comprise a display device for displaying the plurality of
multidimensional graphics based on the plural items of
graphic display data stored in the first memory section
within the multidimensional space in positional
relationships in conformity with the geometric constraint
conditions stored in the second memory section and

the display for specifying the elements of the

use

multidimensional graphics regulated by the geometric
constraint conditions and types of constraints with

respect to all the geometric constraint conditions.



The first memory section and the second memory
section may be non-volatile mediums such as a disk device,
etc. or may be volatile mediums for a temporary storage
such as a main memory device of a CPU. Further, the first
memory section and the second memory section may be
constructed within the same apparatus or within separate
apparatuses.

The multidimensional graphic is a plane graphic
existing in two dimensions or a solid graphic existing in
a three-dimensional space. This multidimensional graphic
is disposed in an arbitrary position in the
multidimensional space and oriented in an arbitrary
direction without the shape of itself becoming deformed.

This geometric constraint condition is a condition
for determining mutual positional relationships between a
plurality of multidimensional graphics arranged within the
multidimensional space. 1In this case, the geometric
constraint condition may be so set as to be determined
between a pair of multidimensional graphics. So, in order
to determine positional relationships of three or more
multidimensional graphics, a plurality of such geometric
constraint conditions defining positional relationship

between pairs of the graphics may be resolvad in a Predetermined order.



The geometric constraint condition is intended to
determine the positional relationship of the individual
elements, i.e., surfaces, lines and points which configure
the multidimensional graphic with respect to the elements
of other multidimensional graphics. The geometric
constraint conditions may be exemplified like this: a
"surface-to-surface parallelism”, a "surface-to-surface
coincidence (this implies that the surface or the
extension surface thereof exists on the same plane as
other plane)", a "straight—line-to-straight-line
parallelism”, a "straight-line-to-surface coincidence", a
"straight—line—to—straight—line coincidence (this implies
that the straight line and the straight line exist on the
same axis)", a "point existence on surface (this includes
a point existence on plane surface, a point existence on
cylindrical surface, a point existence on conical surface,
a point existence on spherical surface and a point
existence on torus surface)", a "point existence on line
(this includes a point existence on straight line and a
point existence in shape of circular arc), a "point-to-
point coincidence", 2 "degree-of-freedom for rotation
(this means that in the case the solid takes a shape in

rotational symmetry through an arbitrary angle, and even



when a rotational position of this graphic is not
specifically determined, it is presumed that the
rotational position thereof be established)", a "surface-
to-surface distance", a "straight-line-to-straight-line
distance", a "point-to-surface distance", a "point-to-
straight-line distance", a "point-to-point distance",
"relative coordinates between coordinate systems (this is
a relative distance on the display coordinate between the
coordinate systems stored in the first memory section for
determining individual solids)" and a "relative angle
between coordinate systems (this is a relative angle on
the display coordinate between the coordinate systems
stored in the first memory section for determining
individual solids)".

The displaying means can be constructed of a display
unit for effecting visual external outputting and a
processing unit for creating image data that are to be
displayed on this display unit. This displaying means
incorporates a function to display a state where the
multidimensional solids are arranged within the
multidimensional space in the positional relationships
based on the geometric constraint conditions and a

function to perform the display for specifying the



individual elements of the multidimensional graphics and
types of the constraint thereof. Specifying the pair of
elements the positions of which are regulated by geometric
constraint conditions may be done by displaying a line
connecting the elements. If done in this way, even when
the geometric constraint conditions are complicatedly
linked, the respective elements can be easily specified.
Further, this may be done by displaying the same symbols
and numerals on the corresponding elements or by putting
the same coloring on the corresponding element. Further,
specifying the type of the constraint condition may be
done by displaying the same symbols or numerals
corresponding to the types of the geometric constraint on
the elements regulated in position by the geometric
constraint conditions. If specified in this manner, the
types of the constraint condition can be easily made
without specifying the types of the constraint condition
with characters. The displaying means, when establishing
the positional relationships between the plurality of
multidimensional graphics in accordance with the plurality

of geometric constraint conditions stored in the second

memory section, may specify — the

elements regulated in position by the geometric constraint



conditions and the types of the constraint conditions in a
mode different from that before being established. 1If
done in this way, it is possible to recognize whether or
not the positional relationships between the
multidimensional graphics are established at a glance.
For instance, a display color for specifying the elements
regulated in position by the geometric constraint
conditions and the types of the constraint conditions
thereof may be changed to other color after being
established. Further, the respective elements may be
specified by displaying a line which connects the pair of
elements regulated in position by the above geometric
constraint conditions before being established, and this
line may be erased after being established. In addition,
there are displayed the symbols or numerals corresponding
to the type of the constraint condition on the pair of
elements which are regulated in position by the geometric
constraint condition before being established, and only
the symbol or numeral displayed on one element may be
erased after being established.

Added to the construction according to the present
invention may be an inputting means for inputting the

geometric constraint conditions and a geometric constraint



condition updating means for updating the geometric
constraint conditions stored in the second memory section
and inputted by the inputting means. With this addition,
the geometric constraint conditions can be arbitrarily
edited. The displaying means according to the present
invention may display all the geometric constraint
conditions, whereby such editing can be conducted. On
this occasion, the inputting means is capable of receiving
the input of each of the individual geometric constraint
conditions. The inputting means may receive an input to
the effect that a specified geometric constraint condition
is to be deleted. In this case, the geometric constraint
condition updating means may delete the specified geometric
constraint condition from within the second memory
section. When the geometric constraint conditions stored
in the second memory section is thus updated, the
displaying means locates the multidimensional graphics in

accordance with the updated geometric constraint

conditions and specifies the
elements located based on the updated geometric constraint
conditions and the types of the constraint condition

thereof.



The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the
present invention, and wherein:

FIG. 1 is a view showing the principle of an
embodiment of the present invention;

FIG. 2 is a block diagram illustrating a construction
of a three-dimensional CAD system including a geometric
constraint condition displaying apparatus for a three-
dimensional model in the embodiment of the present
invention;

FIG. 3 is a flowchart showing contents of control
when inputting geometric constraint conditions;

FIG. 4 is a flowchart showing contents of control
when inputting an assembly determination instruction;

FIG. 5 is a flowchart showing contents of a display
data creation processing subroutine executed in step S103
of FIG. 3 or step S202 of FIG. 4;

FIG. 6 is a view illustrating procedures of editing
the geometric constraint conditions;

FIG. 7 is an explanatory view illustrating a



variation in terms of a mode of displaying the geometric
constraint conditions before and after assembling three-
dimensional model display data;

FIG. 8 is an explanatory view illustrating a
variation in the mode of displaying the geometric
constraint conditions before and after assembling the
three-dimensional model display data;

FIG. 9 is an explanatory view illustrating the
geometric constraint conditions; and

FIG. 10 is an explanatory view illustrating a mode of
displaying geometric constraint conditions in the prior

art.

An embodiment of the present invention will
hereinafter be described with reference to the drawings.

<Principle of Embodiment>

The principle of this embodiment will be demonstrated
with reference to FIG. 1. A first memory unit 200 stores
graphic display data for displaying a plurality of a
multidimensional graphic. On the other hand, a second
memory unit 201 stores geometric constraint conditions. A

display unit 203 is informed of the graphic display data



and the geometric constraint conditions.

The display unit 203 displays a state where the
multidimensional graphic is disposed within a
multidimensional space on the basis of the thus informed
graphic display data. When plural items of the informed
graphic display data are prepared, the display unit 203
locates the multidimensional graphics constraining the
position of them on the basis of the informed geometric
constraint conditions. That is, the display unit 203
regulates positional relationships between constructive
elements of the respective multidimensional graphics in
accordance with the geometric constraint conditions,
thereby locating the multidimensional graphics. The
display unit 203 also performs displaying for specifying
the constructive elements of these multidimensional
graphics thus located under the geometric constraint
conditions and the type of the the constraints. The
displaying for this specification is conducted with
respect to all the geometric constraint conditions.
Accordingly, when viewing the multidimensional graphic
displayed thereon, it is possible to know what kind of
geometric constraint is put on which constructive element

at a glance.



The geometric constraint conditions can be
arbitrarily edited by providing an input unit for
inputting the geometric constraint conditions and a
geometric constraint condition update unit for updating
the geometric constraint conditions stored in the second
memory unit 201 and inputted by this input unit.

1f the positional relationships between the plurality
of multidimensional graphics are established based on the
geometric constraint conditions stored in the second
memory unit 201, the display unit 203 changes display mode
for specifying the constructive elements to be constrained
and the type of the constraints from the display mode
before being established. Therefore, whether the
locations of the graphics are established or not can be
known at a glance.

<Construction of Three-Dimensional CAD System>

FIG. 2 is a block diagram illustrating a construction
of a three-dimensional CAD system including the geometric
constraint display apparatus in accordance with the
embodiment of the present invention.

This three-dimensional CAD system is constructed of a
processing unit 1, and an input unit 2, a display

processing unit 3 and a data memory unit 4 that are



respectively connected to the processing unit 1.

This processing unit 1 controls the three-dimensional
CAD system as a whole and creats a three-dimensional model
to be displayed. Further, the input unit 2 inputs the
data to the processing unit 1. Also, the display
processing unit 3 displays the three-dimensional model
created in the processing unit 1. Moreover, the data
memory unit 4 stores the data employed for creating the
three-dimensional model in the processing unit 1.

The input unit 2 comprises a keyboard and a mouse and
incorporates a function of inputting, to the processing
unit 1, a variety of items of data for displaying the
three-dimensional model that the operator desires to
display.

A data memory unit 4 is constructed of, specifically,
a geometric constraint data memory section 4a serving as a
first memory unit and a shape data memory section 4b
serving as a second memory unit. This shape data memory
section 4b stores solid shape data for defining a shape of
each of solids constituting the three-dimensional model.
The solid shape data about the individual solids are
stored while being separated into an item of data about a

surface (element A) and an item of data about a line



(element B). On the other hand, the geometric constraint
data memory section 4a stores the geometric constraint
conditions for defining the positional relationships
petween the individual solids. Each geometric constraint
condition is stored with a separation into the type of the
constraint condition and used element string (and
distance). These constraint definitions will be
specifically exemplified as below. That is, there are a
"gurface-to-surface parallelism", a "surface-to-surface
coincidence (this implies that the surface or the
extension surface thereof exists on the same plane as
other plane)", a "straight-line-to-surface coincidence"”, a
"straight-line-to-straight-line parallelism", a "straight-
line-to-straight-line coincidence (this implies that the
straight line and the straight line exist on the same
axis)", a "point existence on surface (this includes a
point existence on plane surface, a point existence on
cylindrical surface, a point existence on conical surface,
a point existence on spherical surface and a point
existence on torus surface)", a "point existence on line
(this includes a point existence on straight line and a
point existence in shape of circular arc), a "point-to-

point coincidence", a "degree-of-freedom for rotation



(this means that, in the case the cube takes a shape in
rotational symmetry through an arbitrary angle, and even
when a rotational position of this graphic is not
specifically determined, it is presumed that the
rotational position thereof be established)", a surface-
to-surface distance", a "straight-line-to-straight-line
distance", a "point-to-surface distance", a "point-to-
straight-line distance", a "point-to-point distance",
"relative coordinates between coordinate systems (that is,
a relative distance on the display coordinate between the
coordinate systems for determining the individual solids
stored in the shape data memory section 4b)" and a
"relative angle between coordinate systems (that is, a
relative angle on the display coordinate between the
coordinate systems for determining the individual solids
stored in the shape data memory section 4b). The used
element string is intended to concretely specify
combinations of the elements (surfaces, lines, points,
coordinates, etc.) to which the geometric constraint
conditions specified by the corresponding constraint
definitions are actually applied.

The processing unit 1 is constructed of a CPU

(central processing unit) 10, an assembly processing unit



11 connected to this CPU 1, a geometric constraint
condition creating unit 12 connected to this assembly
processing unit 11 and a solid shape creating unit 13
connected to the assembly processing unit 11. The
assembly processing unit 11, the geometric constraint
condition creating unit 12 and the solid shape creating
unit 13 are actually constructed of memories (RaM) for
storing programs for actualizing functions thereof. The
CPU 10 is a processor for executing the programs stored in
these memories and actualizing the functions of the
respective units 11, 12, 13. Further, the CPU 10 executes
I1/0 processing between the input unit 2, the display
processing unit 3 and the data memory unit 4 under control
of an operation system (0S).

The solid shape creating unit 13 creates solid shape
data for displaying the solids (cube, rectangular
parallelopiped, circular cylinder, sphere, etc.) serving
as parts constituting the three-dimensional model on the
basis of the data inputted by the input unit 2. Each of
the solid shape data are created within the coordinate
system independently of the display coordinate system for
creating the three-dimensional model.

The geometric constraint condition creating unit 12



creates the geometric constraint conditions for defining
the mutual positional relationships between the solids
created by the solid shape creating unit 13 and the
geometric constraint display data for displaying the
geometric constraint conditions on a screen based on the
data inputted by the input unit 2. To describe it more
specifically, the geometric constraint condition creating
unit 12 includes a geometric constraint memory processing
section 1l2a, a geometric constraint edit processing
section 12b and a geometric constraint display data
processing section 1l2c.

The geometric constraint memory processing section
12a causes the geometric constraint data memory section 4a
of the data memory unit 4 to store the geometric
constraint conditions created by the geometric constraint
edit processing section 12b and reads the geometric
constraint data stored in the data memory unit 4.

The geometric constraint edit processing section 12b
performs editing operation of creating the geometric
constraint conditions from the data inputted by the input
unit 2 and deleting or changing or adding the geometric
constraint conditions read from the geometric constraint

data memory section 4a of the data memory unit 4 by the



geometric constraint memory processing section 1l2a.

The geometric constraint display data processing
section 12c creates the geometric constraint displaying
data for visually displaying the geometric constraint
conditions on the basis of the geometric constraint
conditions edited by the geometric constraint edit
processing section 12b. FIG. 6 shows display examples of
the geometric constraint conditions based on the geometric
constraint display data. As obvious from FIG. 6,
displaying the geometric constraint conditions involves
the use of patterns (symbols or numerals) indicating the
type of the constraints and the straight lines specifying
the used element string. That is, triangles shown in
FIGS. 6(a) - 6(d) indicate the surfaces to which the
geometric constraint condition of "surface-to-surface
coincidence" is applied. Then, the straight line
(connecting line) which connects these blackened triangles
indicates a combination of the elements (surfaces) located
each other by the geometric constraint condition of
v"surface-to-surface coincidence". Similarly, squares
shown in FIGS. 6(c) and 6(d) indicate the surfaces to
which the geometric constraint condition of "surface-to-

surface perpendicularity" is applied, and the straight



line connecting these squares indicates a combination of
the elements (surfaces) located each other by this
geometric constraint condition. Arrowed connecting lines
marked with numerals, which are shown in FIGS. 6(a), 6(c)
and 6(d), indicate a combination of the surfaces to which
the geometric constraint condition relative to the
distance is applied. Then, the numerals (100, 50)
represent distances between the elements (surfaces) shown
by the arrows. What is shown in FIG. 6(c), however,
indicates a state where a display data assembly
(establishment of the positions where the solids are
placed) is not yet conducted, and, hence, the displayed
meaning of the geometric constraint condition does not
coincide with the state where the solids are actually
placed. That is, the blackened graphic represents the
geometric constraint condition before being established,
while the whitened graphic represents the geometric
constraint condition after being established. Further,
the geometric constraint display data processing section
12c deletes or changes or adds the geometric constraint
display data, corresponding to such an operation that the
geometric constraint edit processing section 12b deletes

or changes or adds the geometric constraint condition.



Also, the geometric constraint display data processing
section 12c changes a display mode of the geometric
constraint condition in accordance with the result of the
assembly processing in the assembly processing unit 11.
The assembly processing unit 11 creates the solid
display data for displaying each solid on the basis of the
solid shape data created by the solid shape creating unit
13 and stored in the shape data memory section 4b of the
data memory unit 4. Then, the assembly processing unit 11
executes an arithmetic operation for assembling the solid
display data into three-dimensional model display data for
displaying the three-dimensional model by shifting the
solid display data in conformity with the geometric
constraint conditions created by the geometric constraint
edit processing section 12b and stored in the geometric
constraint data memory section 4a of the data memory unit
4. The assembly processing unit 11 establishes the
relative positional relationships between the plurality of
solids by executing this arithmetic operation. When
executing the arithmetic operation, it is required that
the minimum geometric constraint conditions needed for
establishing the positional relationships between the

individual solids is inputted. Note that the assembly



processing unit 11 arranges
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the respective items of solid

display data in arbitrary locations within the display

space before effecting the assembly after the minimum

geometric constraint conditions needed have been inputted.

In the case the three-dimensional model display data had

been assembled before, however, some geometric constraint

conditions were deleted thereafter, the individual items

of solid display data are arranged in the former locations

of the three-dimensional model display data. Further, the

assembly processing unit 11
display data created by the
data processing section 12c¢
display data (solid display
described manner.

The display processing

3a. The display processing

adds the geometric constraint
geometric constraint display
to the three-dimensional model

data) assembled in the above-

unit 3 includes a display unit

unit 3 displays the three-

dimensional model on the display unit 3a on the basis of

the three-dimensional model

display data (solid display

data) assembled by the assembly processing unit 11 and

also displays the geometric

constraints thereon in

accordance with the geometric constraint display data.

A display means is constructed of this geometric

constraint display data processing section 12c and the



display processing unit 3.

[Control Content of Three-Dimensional CAD System]

Next, contents of the control processes executed in
the processing unit 1 and the display processing unit 3
will be explained with reference to flowcharts of FIGS. 3
through 5.

FIG. 3 shows the processes executed before completing
the inputting of the minimum geometric constraint
conditions needed for displaying the positional
relationships of the solids and before completing the
assembly arithmetic operation for establishing the
locations of the arrangement thereof.

The processes shown in FIG. 3 will be executed each
time a new geometric constraint condition is inputted from
the input unit 2 and each time data for editing the
geometric constraint conditions is inputted. Then, in
first step S101, the geometric constraint edit processing
section 12b creates geometric constraint data (containing
the type of the constraint and the used element string
(and distances)) on the basis of the inputted geometric
constraint condition. Subsequently, the geometric
constraint memory processing section 12a causes the

geometric constraint data memory section 4a of the data



memory unit 4 to store the thus created geometric
constraint data. Note that the geometric constraint
memory processing section 12a, when the data of the effect
that the geometric constraint condition is to be deleted
is inputted from the input unit 1, deletes the geometric
constraint data stored in the geometric constraint data
memory section 4a.

In next step S102, the assembly processing unit 11
creates the solid display data. If some geometric
constraint conditions are deleted after once assembling of
the three-dimensional model display data is executed, the
assembly processing unit 11 creates the solid display data
wherein the positional relationships of the individual
solids remain as they are.

In subsequent step S103, the geometric constraint
display data processing section 12c creates the geometric
constraint display data.

The display processing unit 3, after the geometric
constraint display data and the solid display data have
been created in this way, causes the display unit 3a to
display the individual solids on the basis of the created
solid display data and adds a geometric constraint

indication (pattern and connecting line) to display the



three-dimensional model pased on the created geometric
constraint display data in step S104. Then, a series of
the processes described above will be ended.

FIG. 4 shows the processes executed for establishing
the locations of the solids after the minimum geometric
constraint conditions needed for displaying the positional
relationships between the solids are inputted.

The processes shown in FIG. 4 are executed when a
command for assembling is given from the input unit 2.
Then, in first step S201, the assembly processing unit 11
executes the process of assembling the three-dimensional
model display data on the basis of the geometric
constraint data stored in the geometric constraint data
memory section 4a of the data memory unit 4 and the shape
data stored in the shape data memory section 4b thereof.

In next step S202, the geometric constraint display
data processing section 12c creates the geometric
constraint display data for the completion state of the
assembly.

In step S203 after the geometric constraint display
data and the three-dimensional model display data have
peen created in the manner described above, the display

processing unit 3 checks whether or not the geometric



constraints are being displayed on the display unit 3a.
Then, when determining that the geometric constraint
display is on the execution, in step S204, the display
processing unit 3 deletes the geometric constraint that is
now being displayed. Then, the processing proceeds to
step S205. While on the other hand, when determining that
the geometric constraint display is not on the execution
in step S203, the processing skips over step S204 directly
to step S205.

In step S205, the display processing unit 3 displays
the geometric constraints on the basis of the geometric
constraint display data newly created in step S202. Then,
a series of the above processes are finished.

FIG. 5 shows a subroutine of the processing of
creating the geometric constraint display data, which is
to be executed by the geometric constraint display data
processing section 12c in step S103 of FIG. 3 or step S202
of FIG. 4. According to this subroutine, first in step
S301, one piece of undisplayed geometric constraint data
is taken out of the geometric constraint data memory
section 4a of the data memory unit 4.

Then, in subsequent step S302, the type of the

constraint condition of the geometric constraint data



taken-out in step S301 is determined. In next step S303,
a display pattern (symbol or numeral) to be used is
decided corresponding to the type of the constraint
determined in step S302.

In next step S304, a type of the used element of the
geometric constraint data taken out in step S301 is
determined. That is, there is determined whether the
element constrained by this geometric constraint is a
surface or a line or a point. This determination is
effected by analyzing the type of the geometric
constraint.

Then, if the used element is classified as the
surface, in step S305, an item of surface data is acquired
from the corresponding used element string. Further, if
the used element is the line, in step S306, an item of
line data is acquired from the corresponding used element
string. Also, if the used element string is classified as
point data, in step s307, the point data is acquired from
the corresponding used element string. Note that if the
type of the geometric constraint is relative to the
distance, a corresponding item of distance data is also
acquired in these steps.

In subsequent step S308, there is determined whether
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or not the assembly processing by the assembly processing
unit 11 is completed. If this subroutine is called from
step S103 of FIG. 3, the assembly of the three-dimensional
model display data is not completed, and, hence, the
processing proceeds to step S309. In contrast with this,
if the same subroutine is called from step S202 of FIG. 4,
the assembly of the three-dimensional model display data
is completed in step S201, and, therefore, the processing
proceeds to step S310.

In step S309, the geometric constraint display data
for incompletion state is created, and the patterns
(symbols or numerals) and the connecting lines are
displayed with respect to all the geometric constraint
conditions. Describing it more specifically, in the case
of a qualitative geometric constraint, the display
patterns (symbols) decided in step S303 are displayed in
display positions of a pair of used elements acquired in
one of steps S305 through $307, and also the data for
displaying the line connecting therebetween is created.
Further, in the case of the geometric constraint relative
to the distance, an arrowed line connecting the pair of
used elements acquired in one of steps S305 through S307

is displayed, and also the data for displaying the



distance in numeral is created.

On the other hand, in step S310, the geometric
constraint display data for completion state is created.
That is, there is created the geometric constraint display
data for displaying the geometric constraints in a
different mode from that of the geometric constraint
display data for incompletion state created in step S309.
To describe it more specifically, as illustrated in FIG.
7, in the case of a qualitative geometric constraint
condition, there is created the data for displaying only
the display patterns (graphic) decided in step S303 in
display positions of the used elements of a constrained
solid acquired in one of steps S305 through $S307.

Further, in the case of the geometric constraint condition
pertaining to the distance, as in the same way with step
S309, an arrowed line connecting the pair of used elements
acquired in one of steps S305 through S307 is displayed,
and also the data for displaying the distance in numeral
is created.

Note that the geometric constraint display data as
shown in FIG. 8 may be available as the completion-
oriented geometric constraint display data created in step

5310. Describing it more specifically, in the case of the
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qualitative geometric constraint condition, there may be
created the data for displaying the same display pattern
and the same connecting line as those of the geometric
constraint display data for incompletion state created in
step S309 in a color different therefrom. Further, in the
case of the geometric constraint condition pertaining to
the distance, as in the same way with step S309, the
arrowed line connecting the pair of used elements acquired
in one of steps S$305 through S$307 is displayed, and also
the data for displaying the distance in numeral is
created.

After executing step S309 or S310, the processing
goes forward to step S311. In step S311, there is
determined whether an undisplayed item of geometric
constraint data exists in the geometric constraint data
memory section 4a of the data memory unit 4. When this
subroutine is called from step S103 of FIG. 3, there is no
possibility in which the undisplayed geometric constraint
data exists, and hence this subroutine is ended to return
to the original processing position. On the other hand,
when this subroutine is called from step S202 of FIG. 4,
there may be a possibility in which the undisplayed

geometric constraint data exists. When the undisplayed
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geometric constraint data exists, the processing returns
to step S301. If the undisplayed geometric constraint
data disappears as a result of repeating a loop from step
S301 to step S311, this subroutine is ended to return to
the original processing position.

<Operation of Embodiment>

The geometric constraint displaying apparatus in this
embodiment edits the geometric constraint conditions in
the following manner. Now, it is assumed that a fiducial
solid 101 for displaying a rectangular parallelopiped and
a constrained solid 102 for displaying a rectangular
parallelopiped are created as illustrated in FIG. 7(a).
Inputted subsequently from the input unit 2 are a
geometric constraint condition (constraint A) of "the
surface 1A of the solid 101 coincides with the surface 2A
of the solid 102", a geometric constraint condition
(constraint C) of "the surface 1B of the solid 101
coincides with the surface 2B of the solid 102" and a
geometric constraint condition (constraint D) of "the
distance between the surface 1C of the solid 101 and the
surface 2C of the solid 102 is 100". Hereat, the
geometric constraint display as illustrated in FIG. 7(a)

is effected on the display unit 3a. FIG. 7(a) shows a
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state before completing the assembly of the three-
dimensional model display data. Accordingly, all the
geometric constraint conditions are displayed.

[Display After Completing Assembly]

In this state, when completing a calculation for
assembling the three-dimensional model display data after
an assembly determination indication has been inputted
from the input unit 2, the geometric constraint conditions
for assembly-completion state are displayed as shown in
FIG. 7(b). Namely, the display of the connecting line for
indicating a combination of the used elements of the
constraints A and C defined as qualitative constraints is
erased. Simultaneously with this erasing, there are
erased is display patterns (blackened triangles)
indicating the type of the constraint and the used
elements of the fiducial cube 101 with the constraints A
and C.

As described above, according to this embodiment, the
method of displaying the geometric constraint conditions
is changed before and after completing (decision of the
mutual positional relationship between the solids) the
assembly of the three-dimensional model display data.

Therefore, whether the assembly is completed or not can be
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known at a glance. Besides, even after completing the
assembly, the type of the geometric constraint can be
specified from the display patterns put on the constrained
solid 102. Further, it is possible to presume the used
element positions on the fiducial solid 101 from the type
of the geometric constraint and the used element positions
on the constrained solid 102 marked with the display
patterns. Accordingly, all the geometric constraint
conditions can be confirmed irrespective of the time
before and after completing the assembly, and the editing
thereof can be also carried out.

Note that if the assembly completion-oriented
geometric constraints are displayed as shown in FIG. 8,
the assembly completion-oriented geometric constraints are
to be displayed as illustrated in FIG. 8(b). That is, the
connecting lines and the display patterns (blackened
triangles) with the constraints A and C defined as the
qualitative constraints are displayed in a color different
from that before completing the assembly (see FIG. 8(a)).
If done in this way, whether the assembly is completed or
not can be known at a glance, and, besides, the geometric
constraint conditions can be completely recognized even

after completing the assembly. Hence, the geometric



constraint conditions can be easily edited.

[Editing of Geometric Constraint Condition]

Given next is an explanation of procedures of editing
the geometric constraint conditions in this embodiment.

In accordance with this embodiment, the geometric
constraint conditions can be edited regardless of the
completion or incompletion of assembling the three-
dimensional model display data. FIG. 6 illustrates
variations in terms of displaying the geometric
constraints when editing the geometric constraint
conditions after completing the assembly.

To begin with, FIG. 6(a) shows, as in the case of
FIG. 8(b), a state where the respective geometric
constraint conditions of the constraints A, C and D are
inputted. Herein, the editing is effected to rotate the
constrained solid 102 in counterclockwise direction from
the state of FIG. 6(a), and to reduce a distance between
the solids 101, 102 down to 50.

In this case, as illustrated in FIG. 6(a), it can be
understood that the constraints A and D among the
individual geometric constraint conditions may be
obstacles by viewing the geometric constraint conditions

displayed. Accordingly, the operator performs inputting



to delete the constraints A and D through the input unit
2.

Hereupon, with an execution of step S101, the
geometric constraint data relative to the constraints A
and D are deleted from the geometric constraint data
memory section 4a of the data memory unit 4. Hence, in
step S103, there are created geometric constraint display
data from which the geometric constraint displays of the
constraints A and D are excluded. In consequence, as
illustrated in FIG. 6(b), the geometric constraint
displays of the constraints A and D are erased on the
display unit 3a. Further, the remaining geometric
constraint C is displayed in a mode for the incompletion
of the assembly.

Next, for rotating the constrained solid 102, a
geometric constraint condition (constraint B) of "the
surface 1A of the solid 101 is perpendicular to the
surface 2A of the solid 102" is newly inputted through the
input unit 2. At the same time, for the purpose of making
the constrained solid 102 approach to the fiducial solid
101, a geometric constraint condition (constraint D') of
"s distance between the surface 1C of the solid 101 and

the surface 2A of the solid 102 is 50" is inputted through
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the input unit 2. As a result, with an execution of step
S103, as shown in FIG. 6(c), the geometric constraint
conditions (constraints B and D') are displayed between
the elements to which the geometric constraint conditions
are applied. At this point of time, however, the assembly
is not yet performed, and, therefore, the geometric
constraint display mode is directed to the assembly
incompletion, and the displayed meaning of this geometric
constraint does not coincide with the state where the
solid 102 is actually arranged.

Next, when the assembly determination command is
inputted, with an execution of step S201, the arrangement
position of the solid 102 shifts as shown in FIG. 6(d).
That is, the constrained solid 102 rotates
counterclockwise through 90 degrees within the plane where
this surface 2B exists while satisfying the condition
(constraint C) of "the surface 1B of the solid 101
coincides with the surface 2B of the solid 102".
Simultaneously, the solid 102 approaches the solid 101 so
that the relative distance between the surfaces (surfaces
1C, 2A) facing each other is 50.

As explained above, if further editing is needed

after finishing the editing and the assembling, the
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editing can continue.

According to the present invention, when displaying
the multidimensional model in the multidimensional CAD
system, it is feasible to easily recognize the added
geometric constraint conditions on the screen.
Accordingly, each of the displayed geometric constraint
conditions can be solely designated and then edited.
Hence, editing the geometric constraint conditions can be
facilitated, and the solids can be moved at a high
efficiency.

Note that the geometric constraint conditions may be
displayed in different modes between in the completely-
assembled state and in the incompletely-assembled state,
thereby making it possible to easily recognize the
completely-assembled state and incompletely-assembled
state on the screen. Therefore, the time for the
recognizing operation can be reduced.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the

art are intended to be included within the scope of the



following claims.
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Claims:

1. A geometric constraint condition displaying
apparatus for displaying geometric constraint conditions
for regulating positional relationships between elements
of a plurality of multidimensional graphics arranged
within a multidimensional space, said apparatus
comprising:

first storage means for storing plural items of
graphic display data for displaying each of the plurality
of multidimensional graphics;

second storage means for storing the geometric
constraint conditions; and

displaying means for displaying the plurality of
multidimensional graphics based on the plural items of
graphic display data stored in said first storage means
within the multidimensional space in positional
relationships in conférmity with the geometric constraint
conditions stored in said second storage means,and
making use of the displaying means tor specifying the elements of the
multidimensional graphics regulated by the geometric
constraint conditions and types of the constraints with

respect to all the geometric constraint conditions.



2. A geometric constraint condition displaying
apparatus according to claim 1, further comprising:

an input unit for inputting the geometric constraint
conditions; and

a geometric constraint condition updating unit for
updating the geometric constraint conditions stored in

said second storage means.

3. A geometric constraint condition displaying
apparatus according to claim 2, wherein said input unit is
capable of receiving an input to the effect that a
specified geometric constraint condition is to be deleted,
and

said geometric constraint condition updating unit, in

case of an input to the effect that the geometric
constraint condition is to be deleted, deletes the

specified geometric constraint condition from within said

second storage means.

4. A geometric constraint condition displaying
apparatus according to claim 2, wherein said displaying
means, in case said geometric constraint condition

updating unit updates the geometric constraint conditions



stored in said second storage means, establishes the
positional relationships between the plurality of
multidimensional graphics in conformity with the updated
geometric constraint conditions and ,uses the display means
to specify — the elements regulated in positions by the
updated geometric constraint conditions and the types of

the constraints.

5. A geometric constraint condition displaying
apparatus according to any preceding claim, wherein said displaying
means specifies the pair of elements the positions of
which are regulated based on the geometric constraint

conditions by a line connecting the elements.

6. A geometric constraint condition displaying
apparatus according to claim 5, wherein said displaying
means specifies the pair of elements, the positions of
which are regulated based on the geometric constraint
conditions,by symbols or numerals corresponding to the
types of the geometric constraints displayed on the

elements.

7. A geometric constraint condition displaying



apparatus according to claim 1, wherein said displaying
means, in the case that the positinnal relationships between the
plurality of multidimensional graphics are established by
the plurality of geometric constraint conditions stored in
said second storage means, uses the display means to

specifty the elements regulated based on the geometric
constraint conditions and the types of the definitions
thereof in a mode different from that before being

established.

8. A geometric constraint condition displaying
apparatus according to claim 7, wherein said displaying
means changes a color of the display for specifying the
elements regulated based on the geometric constraint
conditions and the types of the constraint before and
after establishing the positional relationships of the

plurality of multidimensional graphics.

9. A geometric constraint condition displaying
apparatus according to claim 7, wherein said displaying
means specifies the respective pair of elements that are
regulated based on the geometric constraint conditions by

a line connecting the elements before establishing the



positional relationships between the plurality of
multidimensional graphics and erases the line after
establishing the positional relationships between the

plurality of multidimensional graphics.

10. A geometric constraint condition displaying
apparatus according to claim 7, wherein said displaying
means displays the symbols or the numerals corresponding
to the geometric constraint definitions on the pair of
elements located based on the geometric constraint
conditions before establishing the positional
relationships between the plurality of multidimensional
graphics and erases the symbol or the numeral displayed on
one element after establishing the positional
relationships between the plurality of multidimensional
graphics.

11. A geometric constraint condition displaying

apparatus substantially as hereinbefore described with

reference to the accompanying drawings.
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