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Rotation - translation coupling
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Rotation - translation coupling
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Rotation - translation coupling
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• Physical decoupling (Sensor & actuator design/placement)

• Practical limitations

• Precision level
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Addressing rotation - translation couplin g

• Physical decoupling (Sensor & actuator design/placement)

• Practical limitations

• Precision level

• Decoupling algorithm (based on model or experiment )

• Model- experiment matching

• Sensor noise/cross - axis sensitivity

• Additional sensors (sensor correction, active isolation)

• Sensor noise/cross - axis sensitivity

• Control limitation

C- 6D ( Ubhi et al. 2026) CRS (Ross et al. 2023)ALFRA (McCan n et al. 2021)OmniSens (Saffarieh et al. 2025)
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Gyroscope solution
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Addition of a gyroscope measuring 𝜃𝑔𝑦𝑟𝑜
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Gyroscope solution
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Requirement
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▪ Resolution ~ 0.1 nrad / 𝐻𝑧 
▪ No cross - coupling sensitivity
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Requirement
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▪ Resolution ~ 0.1 nrad / 𝐻𝑧 
▪ No cross - coupling sensitivity
▪ Robust
▪ Flat transfer function

BlueSeis FOG G- ring RLG
PD

Optical fiber
coil

Optical
source

Sagnac interferometer

Δ𝜙 = 
2𝜋LD

𝜆𝑐
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Maximising sensitivity

Δ𝜙 = 
2𝜋LD

𝜆𝑐
Ω Increasing sensitivity by increasing dimensions

Important noise source modelling

▪ Shot (high frequency )

▪ Shupe effect (Temperature – basse fréquence)

▪ Coherent Rayleigh backscattering

▪ Kerr effect (optical power drift)

Low frequency

2.5m
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Maximising sensitivity
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Ω Increasing sensitivity by increasing dimensions

Important noise source modelling

▪ Shot (high frequency )

▪ Shupe effect (Temperature – basse fréquence)

▪ Coherent Rayleigh backscattering

▪ Kerr effect (optical power drift)

Low frequency

2.5m

BUT some noises are also dimensions dependent

𝑁𝑠ℎ𝑜𝑡 = ℎ𝜈 ⋅ 𝑃0 𝑒
−𝛼𝐿 [W/ 𝐻𝑧]
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SNR x40

BlueSeis

Shot noise
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SNR

Optimal dimensions to maximize SNR
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Additiona l important noise source s

Important noise source modelling

▪ Shot (high frequency )

▪ Shupe effect (Temperature – basse fréquence)

▪ Coherent Rayleigh backscattering

▪ Kerr effect (optical power drift)

Low frequency

Other important noise sources, especially at low frequency →

changing the refractive index 

▪ Shupe effect (Temperature – basse fréquence )

▪ Kerr effect (Optical power drift )

▪ Coherent Rayleigh backscattering

There are a bunch of noise which can increase withcoil dimensions Effect : Local variation of fiber refractive index → local slowing down of light beam (if same refractive index seen by both beam → no noise)
BUT if changes overtime → one beam slows down compared to the other → phase shift seen as rotation
If longer fiber → give longer time to environment to change

Mitigation special winding pattern so that beam go through similar location at similar time but greater dimensions inevitably nicreases the 
grysoscope sensitivity to that.
Challenge is to model it to see at what point we should stop increasing it but hard to model as it comes from environmental changes that are 
also location dependent . 

Shupe effect

Local variation of fibre refractive index  
→ Local speed variation of one beam
→ Induced phase shift

▪ Temperature induced

❖ Need specific winding pattern

Needs modelling to optimise FOG parameters

▪ Important at low frequency
▪ Fibre length dependent

Both beam remain close through their propagation 
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And more…

Phase shift generated by perturbation



First implementation with Blueseis coils
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Δ𝜙𝑆𝑎𝑔𝑛𝑎𝑐
Control input to 
phase modulator

Control input 
to polarizer

PM

▪ Hands on FOG technology 
▪ Investigating  limitation s
▪ Noise modelling
▪ Vacuum compatible set - up → better  thermal stability  Coming soon…



Thank you for your attention ! 

Contact:

Brieux Thibaut: Brieux.thibaut@uliege.be

https://www.pml.uliege.be/
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