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DECISION ON APPEAL

Appellants have appealed to the Board from the examiner’ s final rejection of clams5to 9,

1 Application for patent filed October 22, 1992.



Appeal No. 1996-2027
Application 07/965,079

which constitute all of the claims pending in the application.?

BACKGROUND

The subject matter on appeal is directed to a method and apparatus for forming an object
based on free-form surface data. Asindicated in the specification (page 1), the invention is particularly
applicableto CAD/CAM design in three-dimensional space. Appellants recognized that the prior art
suffered from the problem that free-form curves used in wire-frame models of the objects to be formed
must be represented by Bezier curves (see specification, page 5), the Bezier curvesin turn being made
up of contours consisting of a series of points, wherein it can be difficult to shape an object having a
surface geometry which changes smoothly as intended by a designer (see specification, pages 4 to 5).
To overcome this problem, appellants provide a free-form surface forming method and apparatus for
generating Bezier curves which reproduces designed objects more accurately and faithfully.

Independent claim 5, which is representative of Group |, is reproduced below:

5. A method of forming an object on the basis of data representing a free-form surface,
the method comprising the steps of :

generating control points between two nodal points on athree-dimensional space;

generating afree-form curve represented by a vector function using a predetermined parameter
on the basis of said nodal points and control points;

setting a start point and an end point of an input series of points as said nodal points and
temporarily setting said control points on the basis of points adjoining said start point and said end point

2 Claims 1 to 4 were canceled as per appellants’ first anendment dated November 18, 1994.
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of said input series of points,

finding said parameter of a plurality of intersections with said free-form curve by drawing
perpendiculars from each point of said input series of pointsto said free-form curve determined by said
nodal points and said control points;

resetting said control points such that the total sum of distances from the respective points of
said input series of pointsto said free-form curve determined by the parameter is minimized;

forming said free-form curve assimilated to said input series of points by means of said set nodal
points and the reset control points;

generating afree-form surface on the basis of said assimilated free-form curve;
transmitting data representing said free-form surface to atool path forming unit;

generating at said tool path forming unit processing data on the basis of said data representing
said free-form surface; and

molding an object on the basis of said processing data, said object being a physical
embodiment of said free-form surface.

Independent claim 6, which is representative of Group |1, is reproduced below:

6. A method of forming an object on the basis of data representing a free-form surface,
the method comprising the steps of :

setting internal control points in aframing space surrounded by boundary curves on athree-
dimensional space;

superimposing a reference patch represented by a predetermined vector function on said
framing space on the basis of said boundary curves and said internal control points;

finding, on the basis of coordinate data of a plurality of input points, the shortest distance from
each of said plurality of input points to said reference patch;
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generating a second patch on the basis of said internal control points such that the total sum of
said shortest distances is minimized;

generating afree-form surface on the basis of said second patch;
transmitting data representing said free-form surface to atool path forming unit;

generating at said tool path forming unit processing data on the basis of said data representing
said free-form surface; and

molding an object on the basis of said processing data, said object being a physical
embodiment of said free-form surface.

Independent claim 8, which is representative of Group 11, is reproduced below:

8. A method for forming an object on the basis of data representing a free-form surface,
the method comprising the steps of :

setting internal control points in aframing space surrounded by boundary curves on athree-
dimensional space;

superimposing a patch to be transformed represented by a predetermined vector function on
said framing space on the basis of said boundary curves and said internal control points;

setting a plurality of input points on said patch to be transformed;

finding the shortest distances from said plurality of input points to a second patch, said second
patch being atarget of transformation;

setting internal control pointsin the framing space of said first patch to be transformed such that
the total sum of said shortest distances is minimized;

transforming said first patch such that said first patch has a surface geometry of said
transformation target in the framing space of said patch to be transformed,;

generating afree-form surface on the basis of said transformed first patch;
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transmitting data representing said free-form surface to atool path forming unit;

generating at said tool path forming unit processing data on the basis of said data representing
said free-form surface; and

molding an object on the basis of said processing data, said object being a physical
embodiment of said free-form surface.

The following references are relied on by the examiner:

Riley et d. (Riley) 5,121,334 Jun. 9, 1992

Foley et a. (Foley), Computer Graphics, Principles and Practice, pages 216-53, 471-529,
740-45, and 1094-1103 (1990).

The 35 U.S.C. 8§ 112, second paragraph, rejection of claims5 to 9 (seefinal rejection, page 2,
paragraph 4) has apparently been withdrawn.?

Claims 5 to 9 stand rejected under 35 U.S.C. 8 103. As evidence of obviousness, the
examiner relies upon Foley and Riley.

Rather than repeat the positions of appellants and the examiner, reference is made to the Brief

and the Answer for the respective details thereof.

OPINION

At the outset, we note that appellants (Brief, page 8) and the examiner (Answer, page 2) arein

3 The Advisory Action dated April 24, 1995, at paragraphs 3 and 4 therein, indicates that the April 10, 1995,
response to the final rejection amending claims 5 to 9 will be entered and overcomes the § 112, second paragraph,
rejection.
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agreement that claims 5 to 9 on appeal should stand or fal in three distinct groupings: Group |
consisting of clams 5 and 9; Group Il consisting of claims 6 and 7; and Group |11 consisting of claim 8.
We are in agreement with this grouping of the claims. Accordingly, we take independent claim 5 on
appeal as being representative of Group |; we take independent claim 6 on appeal as being
representative of Group Il; and we take independent claim 8 on appeal as being representative of

Group I11. 37 CFR § 1.192(c)(7) (1995).

In reaching our conclusion on the issues raised in this appeal, we have carefully considered
appellants’ specification and claims, the applied references, and the respective viewpoints of appellants
and the examiner. Asa consequence of our review, we are in general agreement with appellants (Brief,
pages 9 to 12) that claims 5 to 9 on appeal would not have been obvious to one of ordinary skill in the
art at the time the invention was made in light of the collective teachings of Foley and Riley. For the
reasons which follow, we will not sustain the decision of the examiner rejecting clams 5 to 9 under 35
U.S.C. §103.

Wefirst turn to appellants’ argument with respect to Group | (Brief, pages 9 to 10), that Foley
failsto teach the temporary setting of control points recited in representative claim 5 on appeal. We
agree with appellants that Foley’ s Hermite curvesin Figure 11.14 shown at page 486 are "merely a

comparative illustration intended to demonstrate the dependence of the shape of Hermite curves on the
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length of their respective target vectors,” and that Foley’ s Hermite curves are not generated by
temporary setting of control points as required by representative claim 5. We also agree with
appellants’ argument (Brief, page 10) that the generation of these Hermite curvesis not necessary or
employed in Foley for the purpose recited in claim 5 of minimizing distances between an input series of
points and afree-form curve. Our review of the text of the Foley reference from pages 483 to 488,
which describes Hermite curves, and from pages 507 to 510 which describes curve fitting, reveals
nothing which would have fairly taught or suggested the recited features of appellants claim 5. We aso
agree with appellants that " Foley also does not show the drawing of perpendiculars from the input
series of pointsto the free-form curve in order to find the parameter relating to the intersections with the
free-form curve' (Brief, page 11). We cannot agree with the examiner (Answer, page 9) that the use of
theword "closer" at page 508 of Foley means that perpendiculars are being drawn or that a distanceis
being minimized as set forth by the claims on appeal. Accordingly, we will not sustain the rejection
under 35 U.S.C. § 103 of Group | (claims 5 and 9) on appeal.

We turn next to appellants’ argument with respect to Group Il (Brief, pages 10 to 11), that
Foley fails to teach or suggest finding the shortest distance from input points to a reference patch or
generating a second patch on the basis of internal control points as recited in representative claim 6 on
appeal. We are in agreement with appellants. Our review of pages 507 to 510 of Foley, upon which

the examiner relies to show these features, fails to reveal any teaching or suggestion of the specific
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method of finding the shortest distance from input points to a reference patch, or of generating a second

patch, as required by representative claim 6. Accordingly, we cannot sustain the rejection under 35
U.S.C. 8 103 of Group Il (claims 6 and 7) on appeal.

Lastly, we turn to appellants’ argument with respect to Group 111 (Brief, pages 11 to 12), that
Foley fails to teach or suggest finding the shortest distances from input points to a second patch
designated as a transformation target or transforming the first patch to have a surface geometry of the
transformation target. We cannot agree with the examiner (Answer, page 11) that pages 508 to 510 of
Foley teaches finding the shortest distances from input points to a second patch designated as a

transformation target. At best, pages 508 to 510 of Foley generally show minimizing distances between

points. We also cannot agree with the examiner (Answer, page 12) that sole Figure 16.26 at page 743
of Foley teaches transforming the first patch to have a surface geometry of the transformation target as
required by representative claim 8. Accordingly, we cannot sustain the rejection under 35 U.S.C. §
103 of Group 111 (claim 8) on appeal.

In view of the foregoing, the decision of the examiner rejecting claims 5 to 9 under
35 U.S.C. § 103 isreversed.

REVERSED
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