4.4  Calibration

Basic methods for ADCP calibrations are explained in Joyce (1989) and Pollard and Read (1989).

For the P10 dataset, we have used two approaches: bottom tracking, and water tracking. These

two methods should give identical results for the transducer orientation, but can give scale factor

differences of the order of 0.5% (Firing, 1989). Bottom tracking, while often yielding less noisy

results, should therefore be considered a useful supplement to water tracking. In the following,

the two methods are discussed individually including how they were effected by the Ashtech

correction, followed by a summary of the final calibration used. 

4.4.1     Bottom Tracking.

In the bottom track method, the ship's displacement over the ground as measured by the ADCP is

compared with the ship's displacement measured by navigation fixes. A scale factor A and a phase

  are calculated that, when multiplying the uncorrected bottom track velocity vector Uu = u + iv

in the form  

                 Uc = A e I( ã/180) Uu     (2),

minimize the difference between the integrated corrected bottom track velocity Uc and the ship's

track as given by the navigation (GPS) fixes.    is the counterclockwise angle in degrees between

the gyro compass forward axis and the transducer forward axis. Obviously the water depth must

be such that the ADCP can reach the bottom. Excluding extremely shallow and deep depths were

results might be questionable, the bottom tracking range for a 150 kHz transducer reaches from

about 40 to 450 meters. Steeply sloping bottoms such as around mid-oceanic islands can

introduce problems. Calibration runs do not have to be straight, though a long horizontal extent is

advantageous. Depending on the quality of GPS fixes, bottom tracking as short as one hour may

provide good results, with longer runs preferred. The length of a useful segment is given by the

time during which bottom tracking was contiguous.

     Excluding a very short piece from the ship's departure from Suva,  four contiguous

bottom tracking segments were available for P10: two segments taken about one week into the

cruise, and two taken on the second to last day. As a matter of choice and following the

suggested CODAS processing, we decided to calculate all rotation angles prior to actually

rotating the database. Thus the bottom track data were extracted from the ADCP database prior

to the Ashtech correction. Instead, the extracted bottom track data themselves were rotated using

the Ashtech correction angles (program navrot). This effectively moved the transducer into a new

reference frame relative to the Ashtech antenna array rather than relative to the gyro compass.

The calculated transducer offset may therefore contain a constant offset between the gyro and the

antenna array.

     The first two bottom track segments occurred before the Ashtech came on line, and were

therefore rotated using only the model (table 3). Segments three and four were corrected using a

mix of model and Ashtech headings. They were analyzed again over the shorter periods with a

complete Ashtech record. Aside from segment three (day 312.11), variations of the phase angles

  were within 0.5 degrees, and amplitude variations were within 0.019. Fit residuals were

generally of the order of 60 meters (Fig. 11, top). The third segment was anomalous with large fit

residuals, and should probably be disregarded. The fourth segment was collected under the most

preferential circumstances and should be weighted the most.

segment #, start time # of ensembles,ensemble length amplitude          phase (degrees) Headingcorrection

1,        284.556308     21,                5 min    0.9925  (0.9920)    2.169  (1.180)  model

2,        284.865752     48,                 1 min   0.9930  (0.9975)    2.712  (1.800)  model

3,        312.11056      71,                 1 min   0.9900  (0.9905)    2.083 (-0.054)  mix

3,        312.133        38,                 1 min   0.9931  (0.9927)    2.115 (-0.143)  Ashtech

4,        312.196563    163,                 1 min   0.9974  (1.0002)    2.502  (1.528)  mix

4,        312.264        65,                 1 min   0.9946  (0.9945)    2.463  (1.355)  Ashtech

     Table 3: Bottom track calibration results, with heading correction. Numbers in brackets   come from unrotated bottom track data. Time is in decimal days (= Julian day minus one).

For comparison,  the same bottom track calculations were performed using the unrotated bottom

track velocities (table 3, in brackets). Amplitude variations were actually smaller (0.011), while

variations in   were larger (0.7).  Fit residuals were  about 10 to 20 percent larger

(Fig.11bottom).  

4.4.2     Water Track 

In the water track or acceleration method, ship's accelerations relative to the water measured by

the ADCP are compared to accelerations over the ground measured by GPS.  Any substantial

accelerations of the ship during good GPS coverage can be used. On a normal hydrographic

cruise, most calibration points are usually obtained from station arrival and departure. Sharp turns

in the cruise track provide calibration points as well.

     To derive a time series of water track calibrations, first ship's velocities relative to the

water were computed from each ADCP ensemble by vertically averaging over a suitable layer.

The idea is to choose a layer that shows smooth variations in velocity over time. A standard range

is bins 5 to 20, which was used here as well (program adcpsect, nav option). Like the bottom

track data earlier, the reference layer velocities were again rotated using the Ashtech heading

correction (program rotnav). Next, the reference layer record was searched for accelerations

defined by speed changes of more than 3 m/s, or heading changes for more than 60 degrees while

ship's speed was at least 2 m/s (program timslip). For each acceleration, the ship's velocity over

the bottom (calculated from the 5-minute GPS fixes) and relative to the reference layer was 

averaged over a set of profiles. The set configuration can be varied with the aim of reducing the

scatter over a group of calibration points. After some trials, we decided to average over three

ensembles, each group separated by one ensemble from the velocity jump (timslip options: 9

ensembles, 1:3, 6:8).  Finally, a phase   and a scale factor A were calculated by adjusting the

reference layer velocity difference   uR = UR,after - UR,before   (with U=u+iv as before) to the

absolute velocity difference  UGPS = UGPS,after - UGPS,before in the form

                  UGPS = A ei( ã/180)  UR     

(Before and after refers to the timing relative to the ship's velocity change). Again,   is the 

counterclockwise angle between the heading forward axis and the transducer forward axis.

     The initial set thus produced contained a total of 211 calibration points. After excluding

time periods with large Ashtech gaps, i.e., where the applied Ashtech rotation was based only on

the model, 172 points remained. In matlab, these points were further edited to exclude outliers

based on thresholds for

     amplitude (required to be within 0.04 of the median),

     phase (required to be within 3 degrees of the median),

     variance of the reference layer velocity within a set (less than 0.07).

Additional criterion based on time shifting of the GPS fixes  and on the size of the velocity jump

were disabled by large thresholds. Original and edited  points were then plotted for examination

(Fig. 12, top), and means, standard deviations, and linear trends were calculated (table 4).

 [ ### Terry: include attached additional watercal. statistics, perhaps as appendix?]

Description   # of points    mean A   mean phi   std. A  std. phi  slope A  slope phi

all points    187 of 211     0.9924    2.565     0.0118   0.654     0.0     -0.108

no Ash. gaps  155 of 172     0.9922    2.504    0.0117    0.601    0.003     0.111

all, no rotat. 191 of 211    0.994     2.192    0.0121    0.749    0.0      -0.285

     Table 4: Water track calibration results. # of points: reduction due to adcpcal editing.  Slope: linear trend over 30 days.

The water track method is based on the assumption that water velocities averaged over the

reference layer remain constant before and after the acceleration. This assumption could be

violated by either an actual velocity change, or by a perceived change due to, for example, a time

varying gyro error. Schuler oscillations with time periods of about 83 minutes, excited most

efficiently by a change in latitudinal ship's speed, are a prime candidate for the latter. To evaluate

their effect, the calibration calculations were repeated for the un-rotated reference layer velocities.

In general, scatter amongst the calibration points was somewhat larger (Fig. 12, bottom, table 4).

In addition, a mean change of the phase is seen over the last one to two days that was absent for

the Ashtech rotated results. It occurred with a period of more rapid course and speed changes,

and large Ashtech-gyro differences (Appendix C). The mean amplitude and phase differed less,

however, between Ashtech corrected and uncorrected calibrations than it did for the

corresponding bottom track results (table 3).  

4.4.3     Final Calibration and Rotation (already for correct T)

Averaging   from the last segment of bottom tracking without Ashtech gaps and from the mean

water track value, again excluding times without Ashtech data, the constant offset between ADCP

transducer and the Ashtech antenna array was determined to be 2.484 degrees. A constant

amplitude scale factor of 0.9922 was selected based on the water track calibration alone. The

complete database was rotated using the time series of final Ashtech corrections and the constant

amplitude A and phase   given above (program rotate, run twice: once for Ashtech corrections

and once for constant A and  ). 

     As a check, the watertrack calibration calculations were repeated for the rotated database.

When the large Ashtech gaps were excluded,  amplitude and phase came out to 0.9997 and  

-0.012, respectively. Considering the complete record, amplitude and phase were calculated as

0.9999 and  +0.02.

