Fiber Optic Gyroscopes

Instrumentation: Sensors and Signals

KVH fiber optic gyros, like the DSP-3000, offer the reliability,
accuracy, and durability necessary to guide remotely operated
and autonomous vehicles under water and on land.



History

 Developed in the 1980s as an alternative to Laser
Ring Gyroscopes.
= More compact
= L_ess sensitive
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Comparison and applications
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How does a RLG work?

 Based on the Sagnac effect, like the FOG




Basic FOG configuration




Classical explanation

» Basics

Variation in wave vector Wave vector Phase shift

Ak = k2 T=QXT dp = Ak -ds
Cc



Classical explanation

e Phase difference




Classical explanation
« Integrating phase difference along the path length

k
j rsiny ds = 2AN Ap = <Z> QcosW2AN



FOG Equation
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Angular wavenumber
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Relativistic Explanation
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*Only correct if the detector is moving with the gyroscope



Open loop configuration with phase

modulation

cwW /
Fiber polanzer

> Coupler

Source
/ ¢ Coupler '

PZT
PD Phase modulato

M agnitude




Analog signal implementation
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Analog circuit implementation
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* [ssues:
= Fluctuations In offset voltages lower bias stability.

= Detectable angular velocity is limited to i%rad

= Linearity and scale factor stability are easily
deteriorated by fluctuations in photodetector intensity.



Signal Processing Used
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Digital circuit implementation
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a

cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal

generating circuit (1).



Digital circuit implementation

Isolate different harmonics
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a

cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal

generating circuit (1).




Digital circuit implementation
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a
cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal
generating circuit (1).



Digital circuit implementation
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a
cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal
generating circuit (1).



Digital circuit implementation
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a

cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal

generating circuit (1).



Digital circuit implementation
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Digital signal processing apparatus. First to forth heterodyne mixers (2, 3, 4 and 5), an ADC (6), a timing pulse generating unit (7), a
cosine/sine signal generating unit (8), first and second digital multipliers (9, 10), first and second digital filters (11, 12), a quadrant
discriminating unit (13), an angular velocity computing unit (15), a phase modulation index computing unit (14) and a reference signal

generating circuit (1).



Quantum Theoretical Performance Limit
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Sources of nonidealities

« Nonreciprocity — differences
In the optical paths of the
counter propagating waves

« Polarization
- Backscattering

- Magneto-optical Faraday
effect

Faraday rotation
Faraday active crystal 6=VtB

Linear polarized magnetic field
light



Case Study: RA2100 (KVH Industries)




Case Study: RA2100 (KVH Industries)

E«Core 2000 Series Fiber Optic Gyros Technical Specifications

Input Rate (max) + °[sec 30 100 30 100
Resolution Rate “Isec 0.014 0.014 0.004" 0.004"
Scale Factor mv/®/sec 66.7 20 - -
“/bit - - 0.0000916 0.000305
Nonlinearity %, rms 0.2 0.5 0.2 0.5
Full Temp %, p-p 1 2 1 2
Bias Stability
Constant Temp “lsec, 1a 0.0006 0.002 0.0006 0.002
Full Temp “Isec, p-p 0.06 0.2 0.06 0.2
“/sec, typ. 0.012 0.04 0.012 0.04
Repeatability “/sec, p-p 0.006 0.02 0.006 0.02
“Isec, typ. 0.0012 0.004 0.0012 0.004

Source: ftp://ftp.uni-duisburg.de/Hardware/KVH/ec2k-b.pdf



Performance Physical
Angle Random Walk (noise): 5 °fhr/rt-Hz Input Voltage: 12 VDC nominal (24 VDC optional)
0.08 °/rt-hr transient & reverse voltage protected
Instantaneous Bandwidth: 100 Hz Power Consumption: 2 watts (analog)
Turn-on Time: 1 sec _ 3 watts (digital)
Weight: 0.75 Ibs. (0.34 kg)
Output Size: 440" x 4.27" % 1.637 (112 x 108 x 41mm)
) Connector Type: 15-pin subminiature D-sub (DA15P)
Analog: +2.5 VDC (zero rotation)
+2 V, into 210K Ohm Environmental
Digital: ESSTESZ 3%?;';15;5232 Operating Temperature: -40°C to +75°C
9600 Baud Storage Temperature:  -50°C to +85°C
Update Rate: 10 Hz (optional 100 Hz) Shock: 906
EMI/RFI: CE, IEC 9081-2,3.4
MTEF: 50,000 hour
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Case Study: RA2100 (KVH Industries)

Bias vs Temperature
Model RA2100
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Case Study: RA2100 (KVH Industries)

Input/Output Characteristics and Nondinearity
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Case Study: RA2100 (KVH Industries)

Scale Factor vs. Temp
Model RD2100
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Case Study: RA2100 (KVH Industries)

Allan Variance Analysis

Model RA2100
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Questions?



