4.3  Ashtech Heading Correction

4.3.1     Background

Gyro compasses on ships are known to have errors that can reach two to three degrees or more

(Bowditch 1977). One portion of the errors can be described as

       = 0.0635 S cos( ) sec(L)           

with ship speed S in knots, and heading   and latitude L in degrees (Griffith 1994, Bowditch

1977). The gyro compass has dials with which speed and latitude can be adjusted by the ship's

crew to reduce such errors. In recent years, heading devices based on GPS differential phase

measurements between a reference antenna and three other antennas  have become available (King

et al., 1993). The R/V Thomas Thompson was outfitted with a system made by the company

Ashtech in May of 1993 by Eric Firing's group. Prior to P10, the system was in use during P17N

(Chereskin) and two legs of  P14 (Hacker, Firing).   

     The Ashtech correction ultimately produces a list (file) specifying a rotation angle for each

ADCP profile based on the difference dh between Ashtech and gyro heading. In the following, the

general Ashtech data processing is described first, followed by a description of the model that was

used to fill the substantial gaps in Ashtech data coverage, and how the two datasets were merged.

4.3.2     Ashtech Processing

The programs and procedures described in the following were developed by Eric Firing' group

from the University of Hawaii. The represent an early version of the Ashtech processing, and have

since been modified and simplified substantially.

      The 1-second Ashtech and gyro heading data were reduced to hourly files of 1-minute

averages during the cruise  (chapter 2.3).  As a first step, these data were loaded into matlab and

plotted for inspection, excluding averages with fewer than 40 points or mean mrms of more than

0.004 (programs loadem.m and plotem.m, Fig. 3). A  typical time series of the differences

between Ashtech and gyro headings (dh) include Schuler oscillations around the times of arrival

and departure from CTD stations (hours 4, 7, 12, and 15.5),  changes associated with re-orientation of the ship while on station (hour 10), and periods of relatively constant dh (hours 18

through 22). Time series of pitch and roll (Fig.3b) were not used in the following, but are included

here for curiosity. A gap in Ashtech coverage around 1.5 hours is preceded by a sharp increase in

brms and a lesser increase in mrms,  as well as a drop in the number of satellites available (note

that the bottom two panels of figure 3b are plotted with less stringent editing). Standard

deviations from the 1-minute averages for dh, gyro heading, pitch, and roll are given in figure 3c.

     Next the 1-minute dh averages needed to be synchronized with the ADCP profile times.

To that end, the hourly files were combined into one time series and edited, excluding points with

mrms > 0.004 m, brms > 0.03 m, and 1-minute averages with fewer than 40 points (program

plot_dh.m). Contiguous stretches of dh were identified, and a 5-point median filter was applied,

excluding points 0.3 degrees beyond the median. While the threshold of 0.3 sounds rather harsh,

relatively few points were actually eliminated by it  (Fig. 4). With the input of ADCP profile times

(generated here with a time series of gyro headings as stored in the ADCP database, using

lst_hdg), the 1-minute dh averages were then averaged over the ADCP ensemble times (program

step2.m).

4.3.3     Ashtech Model

During the cruise, Terry Joyce tried to quantify the gyro compass errors. To that end, four

surveys were conducted where  the ship steamed first on rectangular or later on octagonal course

patterns with typically six 1-minute ADCP ensembles per side (see Appendix A for details).

Plotting the measured difference of Ashtech and gyro heading (dh) as a function of heading, he

found a distinct pattern that could be fitted by  a combination of first and second harmonics of the

form 

dh = a1+a2*cos(é)+a3*sin(é)+a4*cos(2é)+a5*sin(2é)                (1)

(Fig. 5).  The surveys were conducted with constant, relatively low speed, while the speed dial on

the gyro compass was left at the high cruising speed setting (Terry Joyce, pers. comm.). A model

using data from the whole cruise (Fig. 6) was calculated by binning dh over 30 degrees of

heading, and fitting the same type of function. This produced a correction that was smaller for

most headings while being larger for headings between 250 and 360 degrees (Fig. 7, table 2). The

second model was used subsequently to fill the larger gaps in Ashtech coverage. 

coefficients:

a1

a2

a3

a4

a5

surveys 1,2,4

1.154

-0.8291

0.4559

-0.1018

-0.1323

all data

1.041

-0.5087

0.3612

-0.2017

-0.1666

     Table 2: Model coefficients using Ashtech - gyro data from the surveys alone (top), and   from using data from the whole cruise (bottom).

     A time series of modeled dh was produced by applying the time series of heading averaged

over each ADCP ensemble to (1).  A general comparison of the model to the original Ashtech

minus gyro data shows a mean difference between dh and model of approximately zero (Fig. 8).

Examples from individual time periods throughout the cruise (Fig. 9) show, not surprisingly, that

the model does best when ship's course and speed are relatively constant (295.6 to 296.2 on

station, or 294.5, 295.55 for underway), while it fails to reproduce the short-term Schuler

oscillations (e.g., 294.55).  Occasionally, Schuler-type oscillations appear to last longer than the

usual couple of cycles (e.g., following 294.75), though these may be a series of individual events

triggered by small velocity changes. 

4.3.4     Merging Ashtech and Model

Initially all Ashtech data gaps were filled using the model. It became clear, however, that this was

not a good approach for smaller gaps of a few profiles that might occur in the middle of a Schuler

oscillation. Here dh would vary rapidly while heading itself and therefore the model did not. Since

the small gaps were usually short compared to the Schuler period, linear interpolation appeared to

be a reasonable tool. The choice between using interpolation or the model, which was done

through visual inspection by Joyce and Bahr, was generally straightforward. The few more

"interesting" cases occurred towards the end of the cruise (e.g., day 312, Fig. 10). The complete

record of the final heading correction is shown in Appendix B. 

     Before rotating the full database, only the reference files used for bottom and water track

calibrations were rotated. When comparing the calibration results with those calculated prior to

the Ashtech rotation, calibration residuals were found not to have decreased as expected.

Eventually (and with Eric Firing's help) the problem was traced to an incorrect sign. The Ashtech

correction as shown in Appendix B was therefore  multiplied by -1 before it was used to rotate

the database (program rotate). 

