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Robot Calibration with Joint Stiffness Parameters
for the Enhanced Positioning Accuracy
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(Hee-Jun Kang, Sung-Won Shin, Young-Shick Ro, Young-Soo Suh, Hyun-Kyu Lim, and Dong-Hyeok Kim})

Abstract : This paper presents a new robot calibration algorithm with joint stiffness parameters for the enhanced positioning
accuracy of industrial robot manipulators. This work is towards on-going development of an industrial robot calibration sofiware
which is able to identify both the kinematic and non-kinematic robot parameters. In this paper, the conventional kinematic calibration
and its important considerations are briefly described first. Then, a new robot calibration algorithm which simultaneously identifies
both the kinematic and joint stiffness parameters is presented and explained through a computer simulation with a 2 DOF
manipulator. Finally, the developed algorithm is implemented to Hyundai HX165 robot and its resulting improvement of the

positioning accuracy is addressed,
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Fig. 1. Atwo-link manipulator.
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Table 1. Nominal kinematic parameters.
i Oy d 6,(offset)
1 90 0 0 0
2 0 1.5 X 0
3(Tool) X 1 X X

where, length : meter/ angle : degree/ X : non-calibration

2 A2A 2E 717eH gepE.
Table 2. Real kinematic parameters.

i i a d B offset)

1 90.1 0 0.05 0.1

2 0.1 155 X 0.1
3(Tool) X 1.05 X X

where, length : meter/ angle : degree/ X : non-calibration

E 371794 ey Aeugeld wre] mejAyds)
Table 3. Simulation result of kinematic calibration only.

i o) a d 0(offset)

1 90.1166 | 0.0002 00496 | 0.1287

2 0.1043 1.5500 X 0.1051
3(Tool) X 1.0500 X X

where, length : meter/ angle : degree/ X : non-calibration

E 4 2EZUA geinjE g 2dshs 2ouy 43
Table 4. Simulation result of robot calibration with stiffhess parameter.

i . a d 6,(offset)

1 90.1000 | -0.0000 | 0.0500 0.0999

2 0.1000 1.5500 X 0.1001
3(Tool) X 1.0500 X X

where, length : meter/ angle : degree/ X : non-calibration
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Fig. 2. HX200 robot.
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Table 5. Kinematic parameters of HX 200 robot.
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Calibration Result
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i 0 a,, d, o,
1 0 0 0.86 6,
2 90° 025 0 6, +90°
3 0 0.975 0 o,
4 90° 02 13 o,
5 -90° 0 b,
6 90° 0 6,
where length : meter/ angle : degree
6 FAsTA Agd 7)1 7eE e,
Table 6. Selected kinematic parameters.
i a,, a_, B b, ; 0, 5
1 a, a, il b, | )
2 a, aq x x dy(x) o,
3 a, a, B, x d, o,
4 a; a, x X d, 0,
5 a, a, X x d; s
6 o ay x X ds(x) | 6,(x)
T X T, x T, T, x
where x : non-selected / (x ) : dependency parameter

E 771784 A Byeld vk A4 A 48 A

Table 7. Experimental pesult of kinematic calibration only.

i a,, a,, B b, , d, 0,5
1 0.193 | 1709 | -0374 | 0.009 | 0921 | 88277
2 90.008 | 0250 0 0 0 -0.842
3 0.034 | 0976 | -0.034 0 -0.000 | 0.072
4 89.957 | 0.201 0 0 1.301 | -0.676
5 -89.973 | -0.000 0 0 -0.005 | -1.321
6 89.600 | 0.018 0 0 0 0

T 0 0.000 0 -0.000 | 0.666 0

where length : meter/ angle : degree
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Fig. 3. Robot positioning errors in both cases.
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Fig. 4. Robot positioning errors with validation data in both cases.
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