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The robot calibration has greatly improved the absolute accuracy of the industrial robot. However,
the accuracy of the relative positions of robotic tool-tip at work-points on a work-piece is only
slightly corrected by the robot calibration since there has been no practical method to eliminate
the elements of the setup position errors at a robotic workplace. A robotic workplace calibration is
demonstrated in this paper to minimize the relative position errors between a robot tool-tip and
the work-point on a work-piece. The existing teaching and playback method has been developed
for the robotic workplace calibration. This paper uses the work-piece fixed in a robotic work-place
as measurement equipment instead of a special robot measurement equipment for the robotic
workplace calibration. The positive effect of the robotic workplace calibration is supported by the
results of computer simulation on an ideal robotic workplace model and an experiment at the

actual robotic workplace.

Key Words: Robot Calibration (2% =), Robotic Workplace Calibration (£ X%t
A1), Teaching and Playback (1 A|Z§44), Off-line Programming (2 = 2+9!
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@: Theoretical performance of off-line programming
system
 :Actual performance of off-line programming system

D: User skill
(2): 3D graphic performance
: Modeling accuracy of robot work-point on a
work-piece
(in reference to robot coordinate system)
@: Modeling accuracy of robot mechanism
(in reference to robot coordinate system)
(5: Modeling accuracy of work-piece
(in reference to work-piece coordinate system)

Fig. 1 Bottleneck of off-line programming system
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Table I Comparison of robot calibration and robotic
workplace calibration

Robotic Workplace

Robot Calibration Calibration

- fine robot model -simplified robot and work-

-unknown variable: 4xN+6| piece model

Modeling (N: D.O.F. of robot) -unknown variable: 2xN+6
(N: D.O.F. of robot)
- special system for robot - actual robotic workplace
Measure- . .
- fine measurement System |- work-piece and robot in an
ment N
actual robotic workplace
- local identification of robot |- global identi-fication of
. |-bottle-neck of identifica-| robotic workplace
Identi- . .. AR
fcation tion: absolute setup position |- elimination of bottle-neck:

error of robotic workplace| minimization of relative
elements fixing error

- thousand times relative error|-ten times relative error

Implemen-| ative error at work-points on| ative error at work-points
tation work-piece (compared to| on work-piece (compared

teaching and playback) to teaching and playback)
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(a) Robot calibration
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(b) Robotic workplace calibration

Fig. 2 Robot calibration and robotic workplace calibra-
tion
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Fig. 3 Identification of robotic workplace
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Fig. 4 Identification simulation of robotic workplace
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Table 2 Identification of link parameters
Nominal kinematic Identified
parameter kinematic parameter
Ly | Ly | AB; | AO, | Ly | Ly | AB; | AO,
A | 500500 | O 0 |505)495| -2 2
B [ 500|500 | 0O 0 |505)495| -2 2

(A: Original position and orientation of work-piece;
B: Arbitrary 2" position and orientation of work-piece;
Length unit: mm; Angle unit: °)
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Table 3 Effect of work-piece dimension error

Identified errors of kinematic
parameter (mm)
AL, AL, A, A,

5.7908 | -4.3023 | -1.9559 | 1.9472

Width (+1.0),

Length (+0.5)
Width(+0. 5),
Length(+0.25) 5.3956 | -4.6514 | -1.9779 | 1.9735
Width (+0.2),
Length (+0.2) 5.2207 | -4.8388 | -1.9966 | 1.9880

Width (+0.1),
Length (+0.1)

(Length unit: mm ; Angle unit: °)

5.1107 | -4.9195 | -1.9983 | 1.9940

Table 4 Relative error at working points

Teaching Robotic Robot
Workplace .
and o calibration
lavback calibration
piay A B C D
Relative | 01 102257 0.4473 | 14142 | 1.606
error

(A: Width (+0.2 mm), Length (+0.2 mm);

B: Width (+0.5 mm), Length (+0.25 mm);

C: Position error of work-piece (+1.0 mm, +1.0 mm);

D: Position error of work-piece (+1.0 mm, +1.0 mm) and
Orientation error of work-piece (+0.2°))
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Fig. 6 Main dimension of handling robot

Table 5 Relative error at work-points

Before After robotic | After robotic
robotic workplace | workplace
workplace | calibration: | calibration:
calibration case 1 case 2
RMS
oferror 54 9508 0.4737 0.2489
function
values (mm)
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