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The absolute rotation measurement 

• The relative rotation measurement 

• Movement between different platforms 
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R. D. Geckeler, Meas. Sci. Technol. 17 (2006) 2811 
https://www.nasa.gov 

• The absolute rotation measurement 

• Relative to inertial frame 

• Gimble, Sagnac interferometer, Vibration gyro 



Atom interferometer gyroscope 

M. O. Scully, Phys. Rev. A 48, 3186(1988) 
H.C. Lefèvre, Optical Fiber Technology 19, 828(2013) 
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• Fiber optical gyro ：A=150 m2，K=5.96 rad/(rad/s), 4.3×10-10 rad 

• Atom gyro：A=1.2 cm2， K= 3×105 rad/(rad/s), 0.3 mrad 
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Interference-based gyroscope 
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• How to determine the period number：φ1 or φ2？ 

• The phase ambiguity in large scale factor gyroscope 
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φ2 



Absolutely phase extraction 

• Multiple scale factors to calibrate the absolute phase shift 

• Precisely measurement of scale factor：ΔK 

• Evaluation of the phase accuracy：Δφ 
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A. Bonnin, Applied Physics B 124, 180 (2018) 
D. Yankelev, Sci. Adv. 6 : eabd0650 (2020)  
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Two configurations of atom gyroscope 
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• Three pulses: velocity dependent(counter propagating) 

• Four pulses: gravity dependent 

K. P. Marzlin, PRA 53, 312 (1996) 

K. Takase, PhD thesis, Stanford University (2008)  



Atom interference 
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• Magnetic optical trap:    μK order 

• Moving molasses:  

• Mach-Zehnder interferometer: 

• Fluorescence detection: 

 

v= f cosθ 
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Large area Atom interferometer gyroscope 

• Coherence length> Separation distance 

• Phase calibration to align laser beam 
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Atom interferometry, Paul R. Berman, (1997) 
Z. Yao, Phys. Rev. A 103, 023319 (2021)  



The absolute rotation measurement 
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• Phase resolution: QPN, Vibration noise, phase noise 

• Absolute phase shift 

• Modulation of rotation rate(rotation table) 

• Modulation of atomic velocity 

• Scale factor accuracy: atomic velocity 

• Systematic error: wave front, Zeeman shift, light shift 
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Absolute phase calibration 
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Calibration for absolute phase measurement 
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H. H. Chen, Z. W. Yao, et al, arxiv 2303023319 

• Velocity modulation to adjust the scale factor 

• Separately frequency control to ensure trajectory 

overlapping 

• Scale factor modulation to determine the period 

number 
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Atom velocity measurement 

• TOF method 

• Two slits Ramsey interferometer 

• Quasi-continuous laser 

• Differential measurement 

• Slit distance measurement 

• Advantage 

• Position independent 
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Scale factor measurement 
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Systematic error evaluation 

15 Peter Asenbaum,  PRL 125, 191101 (2020) 
H. H. Chen, Z. W. Yao, et al, arxiv 2303023319 
 

• Systematic error evaluation 

• Trajectory overlapping, Wavevector reversal 

• Phase uncertainty: 106 ppm 

• Scale factor uncertainty: 122 ppm 

• Rotation rate uncertainty: 162 ppm@10.3148 deg/ h 



Improvement of the SF stability  

• The influence of the common mode noise 

• The real-time compensation method 

16 J. Lautier, APL. 105, 144102 (2014) 
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Proposal to improve SF stability 

• Stability of scale factor：3 ppm 

• Rotation phase compensation 
• Velocity dependent phase shift 

• Magnetic gradient field 

• Stability improvement after compensation 
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Conclusion and prospect 

  Conclusion 

  The calibration of AIG for absolute rotation measurement 

  The stability of atom velocity is dominated by the laser intensity 

  Prospect 

  The improvement accuracy and stability of atom velocity  

  Dynamic rotation measurement: closed loop AIG and high data rate 

  Reducing the influence of environment noise 
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Thanks for your attention! 
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