Navigation Section/Vehicle Description Caption (Short)

Three in-vehicle navigation systems were evaluated in the Arctic. The first, a Ring Laser Gyroscope(RLG) Inertial Navigation System (INS), aided by a 300 kHz RDI Workhorse Navigator Doppler Velocity Log (DVL), is shown in the rightmost figure above. This system, developed by Kearfott Guidance and Navigation Corporation, utilizes a set of three orthogonal optical gyroscopes, each based on a 24 cm long, triangular light path. This INS is capable of unaided drifts on the order of 800m/hour, aided drifts of .5m/hour, and heading accuracy of >.01 degrees. The second navigation system, an OCTANS optical gyrocompass manufactured by IXSEA, is located at the rear of the vehicle section and shown in the middle figure above. This system utilizes an orthogonal triad of fiber optic gyroscopes (FOGs) and accelerometers to determine the direction of true north. The Octans can determine heading to .2 degrees * secant of latitude, or 1.43 degrees at our operational latitudes of 82 degrees north. A major limitation of FOG technology is temperature sensitivity of the glass fibers; Ixsea has developed innovative techniques for handling this problem. The third in-vehicle system, a DMU-AHRS flux gate magnetic compass from Crossbow, is located in the vehicle tail section. This system consists of a orthogonal triad of flux gate magnetometers, accelerometers, and piezo-electric gyroscopes. The compass computes magnetic heading based on magnetic field, pitch, and roll measurements, and stabilizes this relatively noisy measurement of north using gyroscope measurements of rotational rate. A fourth system, a FOG-based Inertial Navigation System from Grumman, arrived late and was only tested on shipboard. The table below summarizes various aspects of these sensors.

System
Manufacturer
Type
Outputs
Power

KN-5053
Kearfott Guidance and Navigation
Ring Laser Gyroscope (RLG) Inertial Navigation w/ DVL Aiding
· True heading, Attitude,

· Inertial Position,

· Attitude Rate,

· Acceleration, Velocity
45 Watts

LN-250
Grumman Aerospace
Fiber Optic Gyroscope (FOG) Inertial Navigation
· True heading, Attitude,

· Inertial Position,

· Attitude Rate,

· Acceleration, Velocity
12 Watts

Octans
Ixsea
Fiber Optic Gyroscope (FOG) Gyrocompass
· True heading, Attitude, Attitude Rate
15 Watts

DMU-AHRS
Crossbow
Fluxgate Magnetic Compass w/ piezo-electric gyroscope stabilization
· Magnetic Heading, Attitude, Attitude Rate, Acceleration
7 Watts
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A key figure of merit for Inertial Navigation Systems is their ability to compute initial heading, pitch, and roll. Typically, INS’s use a combination of gyrocompassing, or measurement of the horizontal components of the Earth’s rotation, and propogation of GPS-measured velocities and positions, to determine their initial orientation. At high latitudes, this alignment can incur large errors due to relatively small horizontal Earth rate terms; pre-cruise simulations had shown this error could be as large as 4.0 mRad. The three plots above detail a 350 minute alignment of the Kearfott Ring Laser Gyroscope (RLG) INS at 82 degrees north. The ship maneuvering consisted of both slow drifts in the ice, as well as straight line motions at up to 9 knots. The resulting alignment had an error of 1.95 mRad, based on GPS measurements, which was equivalent to the errors encountered at mid latitudes. This alignment error corresponds to a unaided INS position drift of  1200 meters/hour to 1700 meters/hour, and an aided drift of 1 to 3 meters/hour.

The plot above shows comparitive heading data from the Kearfott RLG, the Ixsea FOG, and the Crossbow DMU-AHRS. This data was obtained at 82 degrees North, 11.8 degrees East on day 289. This was the eastmost mission flown, and featured the highest magnetic inclination. The three heading references are in close correlation with each other. In particular, the DMU-AHRS and Kearfott have a correlation coefficient of .88 for this run. For short duration missions such as these, magnetic heading references were shown to be quite adequate.

 Although the preferred alignment strategy is to maneuver the ship through several circular or box-like tracks, 

