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DECI S| ON ON APPEAL

! Application for patent filed March 13, 1995, entitled
"Robot Path Pl anning Met hod Where Bending Oning To Load Is
Taken Into Consideration,” which clains the foreign filing
priority under 35 U . S.C. 8 119 of Japanese patent application
72747/ 1994, filed March 16, 1994.

-1 -



Appeal No. 1998-1083
Appl i cation 08/402, 606

This is a decision on appeal under 35 U.S.C. § 134 from
the final rejection of clains 1-5.
W reverse.

BACKGROUND

The invention is directed to a robot path planning
met hod where bending due to load is taken into
consi deration. Wen a heavy tool is nmounted to a robot,
there is a discrepancy between the robot position neasured
by the robot controller and the actual robot position caused
by bending. The nmethod determ nes (nmeasures or conputes)
t he positional displacenent (a "bending anpbunt”) between the
measured and actual position of the end of the robot tool at
the start and end points of the robot tool path. Positional
di spl acenents (bendi ng anounts) at interpolation points
internediate the start and end points are cal cul ated from
t he bendi ng anounts at the start and end points using one of
the linear interpolation equations on page 8 of the
specification and are subtracted fromthe nmeasured positions
at the interpolation points to provide target positions that
are actually used by the robot controller. That is, the

nmet hod reverse cal cul ates the angul ar adj ust ment necessary
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to conpensate for the positional displacenent at each
i nterpol ati on poi nt al ong the path.
Claim1 is reproduced bel ow.

1. A robot path planning nmethod where bendi ng
owng to load is taken into consideration, conprising
steps of:

(a) calculating a linear section to be drawn by a
distal end of a robotic tool, by using said distal end
of said robotic tool at a starting point and at an
endi ng point of said |inear section as recogni zed by a
robot controller;

(b) setting a first plurality of interpolation
points on said linear section as calculated in step

(a);

(c) determ ning a bendi ng anpbunt at said distal
end of said robotic tool at said starting point and at
said ending point, respectively, of said |inear
secti on;

(d) calculating said bending anount at said distal
end of said robotic tool at each said first plurality
of interpolation points, based on said bendi ng anount
of said distal end of said robotic tool at said
starting point and at said ending point of said |inear
section as determned in step (c), and set a position
of each of said first plurality of interpolation points
on said |linear section; and

(e) setting a second plurality of interpolation
points to be used in said robot controller by
subtracting said bending anount at said distal end of
said robotic tool at each of said first plurality of
interpol ation points calculated in step (d), from each
of said second plurality of interpolation points of
step (e).
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The Examiner relies on the followng prior art:

Engel berger et al. (Engel berger) 4,132,937 January 2,
1979

| shiguro et al. (Ishiguro) 4,967,127 Cct ober 30,
1990
Fur ukawa 5,418, 441 May 23,
1995

(8 102(e) date August 24,

1992)

Clains 1-5 stand rejected under 35 U S.C. 8§ 103 as
bei ng unpat ent abl e over Ishiguro and Furukawa.

Claim5 stands rejected under 35 U.S.C. 8§ 103 as being
unpat ent abl e over Ishiguro and Engel berger.

We refer to the Final Rejection (Paper No. 5) (pages
referred to as "FR__") and the Exam ner's Answer (Paper
No. 9) (pages referred to as "EA_ ") for a statenent of the
Exami ner's position and to the Appeal Brief (Paper No. 8)
(pages referred to as "Br__ ") for a statenent of Appellant's

argunent s thereagai nst.
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OPI NI ON
Cains 1-4

Claim1l is taken as representative of clains 1-4.

The Exam ner finds that |Ishiguro teaches "[p]oint to
poi nt val ues of target positions are updated and determ ned
i ndependently of previous target points" (FR2). Wiile this
is true, as evidenced by the abstract, it is of little use
in addressing the actual claimlimtations. The only
citation to the record by the Examner is to colum 6,
lines 16-23 and 57-68, which the Exam ner finds to teach
“"[plath interpolating circuit 402 interpol ates teaching
poi nt data 400 and cal cul ates a standard path data" (EAG6).
This provides little guidance as to how the Exam ner reads
the clains onto Ishiguro. W assune that the clained
"“linear section to be drawn" in step (a) corresponds to a
line between two teaching-point data in the teaching-point
menory 400 and the clainmed "first plurality of interpolation
points on said linear section" in step (b) corresponds to
the interpolation points. The "linear section" also

corresponds to the "standard path" in Ishiguro.



Appeal No. 1998-1083
Appl i cation 08/402, 606

The Exam ner finds that the difference between Ishiguro
and the clained subject matter is that "the clains recite
determ ning and cal cul ati ng a bendi ng anount at the distal
end of the tool" (FR2). Appellant interprets this to nean
that Ishiguro fails to teach or suggest steps (a) to (c) of
i ndependent clains 1 and 2 (Br7). Actually, the Exam ner
appears to be finding that Ishiguro does not disclose the
"determ ning" step of step (c) and the "cal cul ati ng" step of
step (d) of claiml.

We find that |Ishiguro does not teach steps (c), (d), or
(e). Ishiguro is a force-controlled robot that conpensates
for the difference between the actual reaction force and a
predeterm ned target force (abstract). Ishiguro does not
detect (e.g., by neasuring or conputing) or conpensate for
t he bendi ng amount caused by the robotic tool.

Furukawa is relied on by the Examner for its teaching
of conpensating for the deflection caused by the robot's own
wei ght. Furukawa does teach conpensating for bending
(cols. 1-2). The Exami ner concludes that it would have been

obvious "to nodify the taught path control of Ishiguro et
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al. to include the deflection conpensation of Furukawa"
(EA4) .

Appel I ant argues that the clainmed invention requires
measuring the positional displacenent of a robot that has
been | oaded with robotic tools and one that has not, and
then cal cul ati ng the angul ar di spl acenent of each axis to
adj ust the angle of each axis, whereas in Furukawa "the
angul ar di spl acenent is cal cul ated based on the anobunt of
t orqgues experienced by each axis of the robot" (Br8).

The Exam ner responds that Appellant fails to consider
t he teachi ngs of Ishiguro, which teaches "an effective
position control system and path teaching operation" (EA6).

We do not find the Exam ner's statenment to be
responsive to Appellant's argunent. However, we are
i kewi se not persuaded by Appellant's argunent. The torques
in Furukawa relate to the displacenent caused by bendi ng and
are determ ned fromthe angul ar configuration and robot
notion equations (e.g., col. 5, lines 32-34), not actual
t orque measurenents.

Appel l ant further argues (Br9): "The adjusted val ues

[in Furukawa] are added at individual points along a path.
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However, the present invention provides deflection
correction covering an entire path, not nerely individual
points."

The Exam ner responds that Appellant fails to consider
t he teachings of Ishiguro, which specifically shows in
figure 12 the novenent of the armalong a taught path and
that the clainms do not recite anything about the "entire"
pat h ( EA7).

We are not persuaded by Appellant's argunment. A set of
i ndi vi dual points determ nes a path. Mreover, it is clear
that Appellants' path conprises a set of individual points.

Appel l ant lastly argues (Brl10): "Furukawa fails to
teach determ ning a bending anount at both the starting
poi nt and endi ng point of the linear section. Therefore,
Fur ukawa cannot set a plurality of interpolation points

between a starting point and an ending point. [Ishiguro et

al. also fails to disclose these features."

The Exam ner does not appear to discuss these
arguments.

Furukawa nust determ ne a bendi ng anount at the

starting point and ending point of the linear section; i.e.,
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it determ nes a bending anobunt at each point along a
programmed path fromstart to finish. However, Furukawa
does not disclose or suggest using these bending amounts to
cal cul ate the bending anount at the interpolation points as
recited in step (d): "calculating said bendi ng anount at

said distal end of said robotic tool at each said first

plurality of interpolation points, based on said bending

amount _of said distal end of said robotic tool at said

starting point and at said ending point of said |linear

section" (enphasis added). Furukawa is strictly a point-by-
poi nt conpensation nethod. For this reason, we concl ude

that the Exami ner has failed to establish a prima facie case

of obviousness. The rejection of clains 1-4 over |shiguro
and Furukawa is reversed. It is not necessary to address

the argunents in the Reply Brief.
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daimb5

Claim5 does not recite howthe first and second
traveling paths are determned and, in particular, it does
not recite the disclosed nethod of determ ning the bending
anounts at interpolation points fromthe bendi ng amounts at
the start point and end point as in clains 1 and 2, where
the | ocus of bendi ng amounts constitutes the second
traveling path. Further, claim5 does not require that the
second traveling path is predeterm ned and, thus, it does
not preclude "determning a second traveling path" on a
poi nt -t o-poi nt basis where a path consists of a set of
poi nts.

However, claim5 recites "determ ning anount of
di spl acenents between said first traveling path and said
second traveling path" which we interpret to exclude the
second traveling path frombeing determned fromthe
di spl acenents. In Appellant's invention, the actual path
points H1', H2', etc. are determined by interpolation from
t he di splacenents at the starting point and endi ng point and

then the displacenents between the desired path and the
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actual path are determ ned. The Exam ner has not expl ai ned
how the references neet this limtation.

Ishiguro is a real time process that conputes a target
position based on the conparison of an ideal state to a
reference state of the armend on the taught path, where the
ideal state is determined fromthe present state of the arm
end and the difference between the actual reaction force and
a predetermned target force (abstract). |shiguro does not
determ ne a second path and then determ ne a di spl acenent
between the first and second pat hs.

Furukawa conputes the deflection angle )2d froma first
path due to the weight of the robotic tool using the torque
and deflection angle rel ationship equations (e.g., col. 5,
lines 32-41). The deflection angle could be used to
determ ne an actual position of the endpoint on the second
path (col. 4, equation 2); however, this does not neet the
terms of the claimwhich requires the displacenent to be
determned fromthe first and second paths. Further,
Furukawa uses the deflection angle to determ ne a point on
the target path (col. 5, lines 42-46, using equation 1),

rat her than a point on the second path. Furukawa does not
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determ ne a second path and then determ ne a di spl acenent
between the first and second pat hs.

Engel berger is a real tine process that senses dynam c
f eedback information from accel eroneters 104 and 106 and
tachonmeters 82, 84, and 86 and selectively conbines it with
the positional error signal to stabilize the positional
servo loop (col. 7, lines 19-33). Therefore, Engel berger
al so does not determ ne a second path and then determ ne a
di spl acenent between the first and second paths.

Because the applied references do not determ ne a
second path and then determ ne a displacenent between the
first and second paths, we conclude that the Exam ner has

failed to establish a prima facie case of obviousness with

respect to claim5. The rejections of claim5 over I|shiguro
and Furukawa and |shiguro and Engel berger are reversed.

CONCLUSI ON

The rejections of clainms 1-5 are reversed.

REVERSED
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