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Fig. 1. Transfer function of vibration and noise on the

gravimeter.
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Fig. 2. Schematic of spring oscillator based active vi-

bration isolator.
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Table 1. Parameters of simulation example.
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Fig. 4. Simulation result of active vibration isolation

based on sliding-mode robust control.
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Abstract

An ultra-low frequency vibrational noise isolation apparatus from external vibration can be a critical factor in
many fields such as precision measurement, high-technology manufacturing, scientific instruments, and gravitational wave
detection. To increase the accuracies of these experiments, well performed vibration isolation technology is required.
Until recently the cold atom gravimeter has played a crucial role in measuring the acceleration due to gravity and
earth gravity gradient. The vibration isolation is one of the key techniques in the cold atom gravimeter. To reduce
the vibrational noise caused by the reflecting mirror of Raman beams in the cold atom gravimeter, a compact active
low-frequency vibration isolation system based on sliding-mode robust control is designed and demonstrated. The sliding-
mode robust control active vibration isolation method is used to solve the vibration problem of Raman mirror in the
cold atomic gravimeter. The purpose of vibration control is that the controller enables the system to be at zero state
as the system states are away from the equilibrium due to vibration disturbance. In this system, the mechanical setup
is based on a commercial passive isolation platform which only plays a role at higher frequency. A sliding-mode robust
control subsystem is used to process and feed back the vibration measured by a seismometer which can measure the
velocity of the ground vibration. A voice coil actuator is used to control and cancel the motion of a passive vibration
isolation platform. The simulation and experiment results of vibration isolation platform show, on the one hand, that the
vibration noise power spectral density decreases by up to 99.9%, and that the phase noise in cold atom interferometry
produced by vibration decreases by up to nearly 85.3% compared with the results of the passive vibration isolation
platform. On the other hand, compared with the lead-lag control method, the vibration noise power spectral density
decreases by up to 83.3% and the phase noise in cold atom interferometry produced by vibration decreases by nearly
40.2%. Therefore, the sliding-mode robust control has the advantages of less tuning parameters, strong anti-interference

ability, and more obvious vibration isolating effect.

Keywords: ultra-low frequency vibration, sliding-mode robust algorithm, active control, cold atom

gravimeter
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