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Development of a system to measure the tilt angle of a rigid body
using the differential filter

Kenji Takahara (Department of Electrical Engineering)
Kazuhiro Ohyama (Department of Electrical Engineering)
Yukio Hashimoto, Non-member (Muroran Institute of Technology)

The purpose of the present study is to construct a system to measure the tilt angle of a robot. The measured object

is a rotary joint type arm with a fulcrum, which can move in one direction. This system consists of a gyroscope sensor

and two accelerometers. The gyroscope sensor measures the angular velocity of the arm and accelerometers measure the

acceleration in the direction of the long axis of the arm and in its perpendicular direction, respectively. The angular

acceleration is estimated as the differential value of the angular velocity by a special dynamic system. This system can

calculate the angular acceleration accurately, because it is little influenced by noises. The tilt angle of the object is

calculated from these values. The measurement system needs no structure, such as a sensing rod, in order to recognize

the vertical axis, because the direction of gravity is used as the vertical axis. Furthermore, the proposed system is

applicable to objects whose dynamic characteristics cannot be completely known. Our proposed system is confirmed to

be useful for the measurement of the tilt angles of arms by numerical calculation.
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Fig.1 Measured object
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Fig.3 An outline of the measurement system
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Fig.4 Object of the simulation
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Tablel Parameters of the object

Mass of the arm [kg] 2.0
Constant of the spring [N/m] | 10.
0

Length of the arm [m] 0.4
Length between the fulcrum and | [m 0.2
the gravity center of the arm

Length between the fulcrum and | [m] 0.2
the sensors
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Fig.5 Differential circuit
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Fig.6 Measurement results
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