Journal of Sensor Science and Technology
Vol. 30, No. 2 (2021) pp. 88-93
http://dx.doi.org/10.46670/JSST.2021.30.2.88
pISSN 1225-5475/eISSN 2093-7563

EO0I1H7| F+=2| XtM metE ¢l

¥

=l

1+

k!

Iu_él

0

Estimation of the State of Folding Structures using a Novel Sensor

Su-Bin Chae' and Gwang-Pil Jung"’

Abstract

In this paper, a folding sensor based on capacitance is proposed. The sensor was developed to sense the length and angle data for

the milli-scale actuators without causing any interference to the actuating joints. For the sensing and testing the robotic joint with reduc-

ing the cost and complexity aspects of manufacturing, a simple composition was adopted. The sensor comprises a pair of copper tapes,

papers, and wires. The complete sensing unit is constructed by bonding the tapes with the papers and soldering the wire to the copper
parts. For accuracy, a teensy 4.0 board, which has a 12-bit ADC resolution, is employed. Furthermore, the sensed analog data is not
translated into the unit of capacitance for accuracy; however, it is filtered using a low-pass filter and subsequently, a Butter-worth filter.
The data obtained demonstrate a periodic waveform, which implies that the data are in good agreement with the hypothesis set prior
to the experiments. Compared to other milli-scale sensors, this could be a better option for sensing the length and angle data for milli-

scale actuators.
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Fig. 1. A concept of folding sensor.

89

Angle

Capacitance

Fig. 2. A concept graph of capacitance vs angle.
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Fig. 3. A prototype model of folding sensor.
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Fig. 4. The environmental error of the sensor.
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Fig. 5. The concept of the shielding.
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Table 1. Maximum values and theoretical value of the sensor with
respect to the RPM difference.

RPM Max.(pF) Theoretical value (pF) Error(%)
10 1.18 0.38 212.36
100 1.12 0.38 196.48
500 0.88 0.38 132.95
1000 0.87 0.38 130.30
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Fig. 11. Time domain graph with respect to the speed; (a) 10RPM,
(b) I00RPM, (c) 500RPM, (d) 1000RPM, (e) 1500RPM, (f)
2000RPM.
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