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Inertial Sensors:
Resolution: 1.13 arcsec; RW Noise: 0.0018 deg /i
RW Noise: 8 pg /v Hz
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3 x GG1320 Ring Laser Gyroscopes
3 x QA2000 Pendulous Accelerometer Resolution: 0.2 pg;

The QA2000 pendulous accelerometers are of force-rebalance type
and show very good linearity and sensitivity.

The capacitive pickoff commands the feedback system, to maintain the
pendular arm as close as possible to the null position. The output signal
(IMU's accelerometer output in [m/s?]) is proportional to the amplitude
of the compensation current.

The exploded view shows the quartz hinge as well as the electromagne-
tical torquer (Lorentz force).

The RLG's (Ring Laser Gyroscope) working principle is
based on the pure relativistic Sagnac effect. Two Laser waves,
excited by a He-Ne gas discharging, are propagating in
opposite directions in the resonance cavity. A rotation of the
whole system results in frequency deviations.

The displacement velocity of the fringe pattern (obtained from S
the interference of the two progressive waves) is proportional \

to the gyroscope rotation rate (IMU's output rate in [deg/s]). g
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Minchen DGPS/INS Navigation Experiment
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also for high precision gravity determination missions.

For the completeness of the evaluation, an integrated DGPS/INS solution has been computed, with GPS updates every
second. The results — trajectory and differences in comparison to the DGPS reference solution — shows errors
(differences) with sub-centimeter 1-sigma values (e.g., as low as 0.003 m for the vertical channel, which, in addition,
was bias-compensated). Of course, essentially lower values are present during the stationary ZUPT periods.

The INS-only solution, without any update, shows a great discrepance from the reference DGPS trajectory, in the
range of hundreds of meters. This is due to the permanent accumulation of positioning errors, caused principally by the
integration of the residual inertial sensor errors.

The right diagram shows the uncompensated navigation errorrs (differences to the DGPS reference trajectory).
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To improve the uncompensated INS-only solution (see above) we introduced four zero velocity updates (ZUPT) in the
computation of the navigation solution. This is a common practice in geodetic applications with no GPS update

possibilities (like e.g. tunnel surveying).

The evident INS-only trajectory precision improvement due to only four ZUPTSs is shown below. The characteristic
Kalman filter learning process is best illustrated for the vertical channel (right figure): one observes the diminishing of
the time-acumulated errors after every ZUPT.

GPS-only, INS-only with ZUPT (200103-c)
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GPS-only, INS-only with ZUPT (200103-c)

Simulation results for 40 s GPS outages, produced during
stationary periods of the vehicle (however, after a
GPS/INS integratio/calibration period) shows, e.g., for the
z-axis accelerometer - additionally corrected for a bias-
offset — quite low differences, which don't exceed the
value of 15 cm.

GPS/INS with 40 s GPS Outages (200103-c)
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A measure for the precision of the kinematic DGPS
solution is given by comparing the known fixed
distance of 1.40 m between the two rover-antennas (see
the red line) with the DGPS solution for the same
distance. The standard deviation of the relative position
error for the two rover antennas don’t exceed 0.27 cm.

DGPS solution for the rover antennas distance
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