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Relative-pose-of-markers Based Calibration Method for a Deformable Manipulator
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Abstract
joints by bending its deformable links. However, frequent changes in links’s shape may bring difficulties to the model

The deformable manipulator can obtain relatively dexterous end-effector and extended workspace with fewer

and control of the manipulator. The reasons are as follows. First, the kinematic parameters experience drastic changes
and become totally unknown. It is hard to measure the parameters directly. Second, the change is frequent. Thus a
low-cost, less time consuming calibration method is the fundament of deformable manipulator for home service robots. In
this paper, two calibration methods based on relative pose measurement of visual markers are developed for the Denavit-
Hartenberg (DH) model and screw theory model, respectively. By introducing a virtual joint at the marker, the method
can calculate the kinematic parameters quickly according to the relative pose of visual markers. Experimental results
verify the effectiveness of the methods. It is shown that the screw model is more suitable for the deformable manipulator.

Finally, two point touching tasks are conducted to demonstrate the advantage of the deformable manipulator.
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Fig.1 The change in DH parameters caused by
the deformable link
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Table 1 DH parameters of the deformable manipulator
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of the deformable manipulator
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Table 3 The raw calibration results of the deformable

manipulator in the k-th configuration

i a® o), o e
1 0 0 01 dy
2 —90° 0 02 + (—2.81°) —150.60
3 —81.97° 269.46 03 + (=7.28°) —116.54
4 138.73° 160.08 64 + (—109.26°) 29.13
w 0 Lw 0 0
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Table 4

based on raw calibrated DH parameters

Pose errors of the deformable manipulator

fiEiR%E (mm)  39.95+ 12.82 X —13.54 £ 13.41
Y 26.54 + 7.76
A 19.17 4+ 16.57
Wb AR (°)  4.66 £ 0.86 a —0.30£0.36
Jéi 0.66 & 0.33
3.61 4 0.62
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1.91 £ 1.03°.
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Table 5

based on raw calibrated screw parameters

Pose errors of the deformable manipulator

%% (mm)  39.57 £ 22.31 X —30.61 £24.13
Y 4.214 14.83
A —4.88 +£17.31
KR 85825 (°)  0.25+£0.18 o 0.09 £0.17
B 0.05 4 0.08
v —0.03 £ 0.04
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Fig.10 The experiments setup for the deformable

manipulator in touching tasks
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Fig.11 The simulation of touching tasks by deformable

manipulator in traditional configuration
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Table 6  The simulation of touching tasks by deformable

manipulator in traditional configuration

ha=s U E AR A (mm) RSO A o (°)
1 (—400.0, 280.0, —2.0)T 23.17

2 (—400.0, 200.0, —80.0) 17.77

3 (—400.0, 160.0, 280.0)™ 2.97

4 (—400.0, 185.0, 200.0)™ 18.17

5 (—400.0, 230.0,40.0)" TefR (29.76)

6 (—400.0, 290.0, —160.0) ™ T s

7 (—400.0, 340.0, 360.0) ™ Te
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(a) A touching task to operate smart TV for the deformable manipulator

v

(b) AT A0 AT P i 5 5211

(b) A touching task to operate pad for the deformable manipulator
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Fig.12 The touching tasks for the deformable manipulator
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