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GNSS Limitations

Some common mode GNSS failures...
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Ionosphere

Troposphere

Electromagnetic environment
e On purpose

e Accidental

Multipath

Signal obstruction

Hardware faults

Software bugs
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Sunspot Cycle 23-24 %
Status and NASA Prediction KONGSBERG

Cycle 23-24 Sunspot Number Prediction (June 2008)

NASA/MSFC/Hathaway
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GNSS/IMU Integration Scheme
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GNSS/MRU Integration Focal Points
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INS aided
GNSS
position

GNSS
outages

IMU aided
GNSS
tracking

KONGSBERG



IMU Sensor to Position Error Propagation

KONGSBERG

IMU sensor error

e Gyro in-run bias
» Angular random walk
» Accelerometer bias and noise

Attitude error

* Roll angle error
» Pitch angle error

Position error

(x.y.2)
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A MEMS Based Gyro Implementation R

KONGSBERG

e Principle: Foucault’s pendulum

e Year: 1851
e Length: 67 m
e Mass: 28 kg
o Alternative implementation: a small, vibrating
structure

e The pendulum is fixed relative to the resonator
e Rotation causes transfer of energy to the pick-off

axis, 459 relative to the pendulum axis
e Pick-off amplitude is proportional to the rotation

rate
e Typical MEMS implementations
e Resonator area: 5 - 50 mm?
e Excitations: <5um
* Frequencies: 4 - 20 kHz (typical)

(*) MEMS — Microelectromechanical System
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MEMS Gyro Advantages &’
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e Continuous development in performance improves
price/performance

e Lifetime (MRU: MTBF> 80 000 hours)

Performance

A
v

v

Time 30 mm
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Gyro Performance Achievements
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Position Error: %
AngL”ar Random Walk KONGSBERG
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Position Error: %

In-run Bias Estimation & Accelerometer Noise KONGSBERG

1. In-run bias needs to be low enough compared to noise to
prevent significant contribution to angle drift

2. Accelerometer measurements are needed to estimate in-run
bias by use of a Kalman filter

3. Accelerometer measurement noise propagates into in-run bias
estimation

4. High quality accelerometers (low absolute bias) are needed to
prevent attitude errors

The Kalman filter:

X, = Fkxk_1 + Bkuk + W

Z, = Hkxk +vk
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MEMS Evolution: Initial Results %

KONGSBERG

Seatex MRU FOG
(MEMS ) AHRS
2003 2007 2008 (typical)
Analog DSP DSP

Angular Random Walk <0.3°/vh <0.1°/v/h <0.05°/vh <0.1°/vh

In-run Bias Stability <29/h <0.69/h <0.29/h N/A
@360 s

Accelerometer Bias <300 ug <300 ug <150pug <1000 ug
Accelerometer Noise 10 Mg 10 ug 3 Mg 150 ug

(0 Hz - 10Hz, RMS)
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Ionospheric Plasma Bubble Depletion Effect iy
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Blue: Single DGPS L1 (Macae-Rio), Red: DPS200 output
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Reprocessing Cycle 23: DGPS + IMU
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Reprocessing Cycle 23: DGPS + improved IMU
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Test Configuration and Scenarios

KONGSBERG

63 26' 31. 23984" N
10° 24' 14.16996" E

24-0Oct-08




GPS/Glonass Aided by IMU: Foliage Conditions

Distance from start, GP'S and GPS+MRU

KONGSBERG
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GPS/Glonass Aided by IMU: Tunnel Drive
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Distance from start, GPS and GPS+MRU
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GPS/Glonass Reacquisition Aided by IMU %
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Conclusion %

KONGSBERG

e Improved MEMS based gyro has demonstrated promising
results as an aiding to an advanced GPS/Glonass DP reference
system

e GNSS and IMU technology will be developed in parallel
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KONGSBERG

Kongsberg Maritime
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