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Fig. 1. Structrue of three-dimension active vibration isolator. Vibration signals measured in the X, Y, Z direction by the seismomet-

er are amplified by a low-noise voltage amplifier, and then converted to digital signals by analog-to-digital converters and sent to a

feedback unit for integrated feedback calculation. After passing digital-to-analog converters, the feedback signals drive voice coil ac-

tuators by voltage controlled current sources to generate a force opposite to movement direction of the platform to suppress vibra-

tion.
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Fig. 2. Frequency response of the seismometer: (a) Amplitude response; (b) phase response. The red solid line is the theoretical cal-

culation result, and the black solid dot is the experimental measurement result.
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Fig. 3. Structure of feedback control algorithm. Uy,Us,
Us represent the digitized input vibration signals in Z, X
and Y directions respectively. Hj— Hs represent high-pass
filters. C1,C4 represent horizontal coupling coefficient. Aj —
Ay represent gain coefficient. Vi, Vo, Vs represent the di-
gitized output feedback signals in Z, X and Y directions re-

spectively.
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Fig. 4. Transfor function of the vibration noise (7 = 80 ms).
The transfer function decays very rapidly as the vibration

frequency increases.
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Table 1.  Parameters of the feedback control system.
i WUEE B e B e

Hy 0.25 Aq 0.11 C 0.01
Hy 0.25 Az 9 Cy 0.01
Hs 0.001 A3 0.03
Hy 0.45 Ay 0.03
Hs 0.45
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Fig. 5. Performance of the three-dimension active vibration
isolator at Shanghai branch, University of Science and
Technology of China. The red solid line is the vibration ac-
celeration noise spectrum of the laboratory ground, the bule
soild line is the result of the passive isolator, the black sol-
id line is the result of active vibration isolator.
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Fig. 6. Performance of the three-dimension active vibration
isolator at Precision Measurement Laboratory II of Gravity,
National Institute of Metrology, China. The red solid line is
the vibration acceleration noise spectrum of the laboratory
ground, the bule soild line is the result of the passive isolat-
or, the black solid line is the result of active vibration isol-

ator.
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Fig. 7. Performance of the three-dimension active vibration isolator in X and Y directions: (a) The performance in X direction;
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bule soild line is the result of the passive isolator, the black solid line is the result of active vibration isolator.
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Abstract

Vibration noise has an influence on the sensitivity and stability for many precision instruments, especially
for atom interferometers. In this paper, a mobile three-dimensional active vibration isolation system is
established for portable atom interferometer that is effectively isolated from the ground vibration, thereby
improving the sensitivity of the portable atom interferometer, and can be deployed and recovered to working
state rapidly. With the home-developed integrated feedback algorithm, this system achieves a good vibration
suppression in a wide frequency range in three directions. It suppresses the ground vibration by three orders of
magnitude in the vertical direction, and one order of magnitude in the horizontal direction. In a frequency range
less than 10 Hz which the atom interferometer is sensitive to, the vibration noise is suppressed to 4.8 X
10 * m/s?/Hz"/? in the vertical direction and to 2.7 x 107 m/s?/HzY/? in the horizontal direction. The influence
of vibration noise on the sensitivity of the atom interferometer reaches to 2 pGal/Hz'/?, which is reduced by two

orders of magnitude compared with the result without our system.
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