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Development of Compact Absolute Displacement Sensor that is measurable Vibration Possessing Long Period and
Large Amplitude
(Necessity and design of third order phase-lag compensator)
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This paper proposes a new type of active seismometer in order to measure vibration with long period and wide dynamic range. In
order to lower the natural frequency and expand the detectable amplitude, the sensor with the low natural frequency is realized by
using feedback control. Moreover, to compensate phase-delay, third order phase-lag compensator is added to shape measured output.
It has been demonstrated that the detectable frequency range of the sensor is extended from 0.1[Hz] to 5.4[Hz], while the dynamic

range of that is expanded up to 40[dB].
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Figure 1. Structure of absolute displacement sensor
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Figure 2. Measured frequency response of sensor
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Figure 3. second order phase-lag compensator and first
order phase-lag compensator
INHDEBIEART T e, 2T o RN
THEDZ LN TE S,

5. 3KONAHEIVHERREIRR &, & I
HOETREOT I a2 b—r 3 VKR

3 WOAFHENAE R AR COREBISED Y I 2

L—3 3 UHER A Figure 412, BT 3 RODNARE

NAHERR 2 ML B DR IR DB E DY I 2 L —

v a UGS % Figure 5 12”9,

a0
L e T R SEF R IS £ SR Sedesiebabiibooao Sedemiebabid
L | T e b ol S L SR P L T & LSRR B R S
B . \ FE P P R
JETI N SN U2 - RN O Codiodebdebiibeoao- Cdeodeidbil]
-20
0 e
— ]
T N W o 1 IO 5+ { N RN 000 1 4 I BN S 4
E
B 1T/ SRR SRR R 4 S R N R
4
£
B e e o S LEELLE P L T & S L EEEE seeemierdebie
-200
1 1w 10” ' 10*
Fi 5 [Hz]

Figure 4. Simulated frequency response of third order
phase-lag compensation
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Figure 5. Simulated frequency response of sensor with third
order phase-lag compensation in addition to feedback
control approach
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Figure 6. Measured frequency response of third order
phase-lag compensation
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