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CURRENT METER DATA PROCESSING AND QUALITY CONTROL METHODS

Donald A. Ortman

ABSTRACT. A description.of fixed point current meter data 
processing is described from the initial data acquisition to 
the final data product. Much of the early discussion is 
unique to the series of Aanderaa recording instruments 
although the techniques of editing and joining of time 
series are generally applicable to any velocity time 
series. The stages of data processing are: conversion of 
instrument units to scientific units; editing strategies; 
and joining and filtering strategies.

1. INTRODUCTION

The purpose of this memorandum is to outline the strategies used for the 
processing of current met-er (CM) data. We will be concerned primarily with 
processing of Aanderaa CM data following transcription of the Aanderaa CM 
audio tape to a nine-track or seven-track standard computer tape.

The sequence of processing steps leading to a final data product (library 
tape) of archive'qua!ity will be outlined. The archived tape is of a level of 
quality where the user can be reasonably certain that what is seen in the data 
is real and not an artifact of processing.

The procedures described will be those developed at AOML and used with CM 
data collected for the MESA New York Bight Project and OTEC CM deployments in 
the Gulf of Mexico. Though the early stages of processing are specific to 
Aanderaa data, the later stages of processing can be applied to any data set 
of velocity time series. A schematic of the CM data processing system is in 
Figure 1.

2. AANDERAA TAPE TRANSCRIPTION

The strategies described below will be principally concerned with the stages 
following transcription from the Aanderaa current meter tape to a standard 
nine or seven-track computer tape. We include here, however, a short 
description of the Aanderaa tape and the transcription process so that it is 
clear exactly what state the data are in as they enter our CM data processing 
system.

The Aanderaa CM registers ten-bit binary words on 1/4-inch audio tape for 
each of its six parameters in the following sequence: reference number, 
temperature, conductivity, pressure, current direction, and current speed. 
One scan or interrogation of each of these six parameters is recorded at a 
preset sampling interval ranging from 30 seconds to one hour.



The reference number is a fixed reading and identifies the beginning of each 
interrogation. A thermistor is used to measure tenperature and an induction- 
type conductivity cell is used to measure conductivity. Pressure is measured 
by a bourdon-tube-driven potentiometer.

Current direction is a single reading sensed by a magnetic conpass at the 
moment of sampling, based on the orientation of the instrument as it aligns 
itself in the current.

Speed values are based on the number of revolutions of a rotor at the top of 
the Aanderaa unit during the sampling interval. Beginning with serial number 
1327, the standard electronic counter records one count per four rotor 
turns. A continuously rotating potentiometer was used in instruments with a 
serial number before No. 1327. For these instruments there is a set number of 
rotor turns to one potentiometer turn as determined by the gearbox used, for 
example, with a 6000:1 gearbox there are 6000 rotor turns to one potentiometer 
turn (1024 counts).

The first stage in processing of these audio tapes is to transcribe them 
onto a digital, conputer-conpatible tape. In the process, the data are 
checked for hardware-detectable bit errors, missing bits, noise bits, encoder 
stability, completeness of data, and start and end times, then written out to 
a nine-track or seven-track tape.

A more detailed description of the Aanderaa recording current meter can be 
found in the RCM-4 Operating Manual. Details of the transcription process are 
also given by Lee and Shutts (1977).

3. CONVERSION

The next step after the Aanderaa tape has been transcribed onto a digital 
computer tape is to convert the Aanderaa counts into scientific units (cgs). 
Temperature is converted to degrees Celsius, direction to degrees true, 
pressure to decibars, and conductivity to salinity in parts per thousand.

All meters are calibrated for temperature, pressure and direction before 
and/or after deployment. The least-squares method is used to calculate the 
calibration curve for best linear fit. These calibrations of slope and bias 
(intercept) are used in the conversion from Aanderaa counts to scientific 
units:

Temperature slope (°C/counts)
Tenperature bias (°C)

Conductivity slope [(mmho/cm)/count]
Conductivity bias (mmho/cm)

Depth slope (meters/count)
Depth bias (meters)

A typical graph used to check for linearity is shown in Figure 2.

The gear reduction ratio (e.g., four rotor turns/one count) for the speed 
rotor of each instrument is entered into the conversion program along with the
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calibration values for each instrument. The standard Aanderaa calibration 
regards the ratio of water speed to rotor speed as 42.24 units and is used to
convert the Savonius rotor speed (rev/sec) to water speed (cm/sec).

Other references for calibration procedures are: NOIC, Instrument Fact 
Sheet (1974), and the technical report by Lee and Shutts (1977).

A velocity of 1.4 cm/sec is used as a threshold, and a speed of 150 cm/sec 
is set as a maximum limit. Limits can be higher depending on the gear
reduction ratio of the instrument. Values that exceed these limits are 
flagged in the conversion program output listing for subsequent editing. 
Direction angle changes greater than 60 degrees for each time step are flagged 
also.

With the old-type speed potentiometer, there was a dead angle of three
degrees. New counters have a dead angle of zero degrees.

There are two options for output from the conversion stage of processing. 
One is a tape of time series files in FESTSA format (Herman and Jacobsen, 
1975). The other is a PCF element tape of raw current meter data (Aanderaa 
counts). Normal processing requires the output in FESTSA files only.

3.1 PCF Element Tape (Optional)

The PCF element tape is used in conjunction with a program called ELCHED to 
edit the raw data, chop beginning or end times, interpolate or delete data, or 
perform other manipulations as necessitated by the condition of the data. The 
PCF element tape of raw data counts is an option that is not usually used; in 
most cases minor editing of the FESTSA files is sufficient. The PCF element 
tape is only necessary for raw data counts that are unusually irregular, that 
is, counts that are permuted, missing, or transposed in such an indiscriminate 
manner that routine editing procedures are impractical.

ELCHED is a program used for actually going into the PCF element tape and 
editing the raw Aanderaa counts. When working with the element tape, the 
converted FESTSA output listing is also necessary to show the Aanderaa counts 
for all six parameters. The FESTSA listing shows all raw data counts and 
their corresponding converted (calibrated) values. Missing bits and otherwise 
erroneous counts are evident from the FESTSA listing.

In addition to checking the FESTSA listing, the FESTSA files (see section on 
Plots and Quality Control) are plotted and used to isolate the erroneous data 
points. After editing, the counts are again run through the conversion 
program and the resulting time series plotted to see if the editing procedures 
were sufficient or if further editing is required.

3.2 Directory Information

During the conversion stage of processing, all necessary and important 
directory information is included on tape for each data file. The information 
includes in a concise format all pertinent directory information for each CM 
record that a user will need for processing or analysis.
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A "CM record" refers to data from all parameters of a single CM of an 
array. A "data file" refers to the data for a single parameter of that CM 
record. The format for the directory information in each file is taken from 
FESTSA (Herman and Jacobsen, 1975) which includes: title, variable and units, 
start and end times (year, Julian day, hour, minute), length of series (number 
of data points), timing interval (hours), latitude and longitude, water depth, 
and depth of the CM. All start time values are converted to hours from a 
reference day, which is either the start time of each series or a convenient 
start reference for the whole project. For example, the start reference for 
the New York Bight MESA CM data is January 1 (0000), 1974; all start times are 
computed from that reference time (hours).

Updating of the tape directory information, although not absolutely 
necessary until all processing is complete, is also useful at various stages 
of the processing, especially as start and end times are adjusted or chopped, 
after files are joined, or for new or additional title information.

All pertinent header-type information for each file is also recorded on a 
tabular log sheet for easy reference and as a processing work sheet. See 
Figure 3.

4. PLOTS AND QUALITY CONTROL

After the conversion and calibration of the CM data, each file is plotted in 
order to visually check the quality of the data. Four types of plots are used 
as visual aids during data reduction. They are: time series plots,
individual data point time series (dot plots), progressive vector diagrams 
(PVD), and time-versus-depth bar graphs.

In most cases the standard time series plot is adequate for quality control 
and editing purposes. A data set of very erratic or questionable data, 
however, should be plotted as individual data points to identify those points 
that should be deleted or edited (Figure 4). Terrperature, conductivity, 
speed, and direction (TCSD) are plotted as a time series (Figure 5). North 
(V) and east (U) components of speed and direction may also be plotted at this 
stage; they will become a permanent part of the data record later in 
processing. Time series plots give information about the magnitude and 
direction of current flow and the maximum and minimum values for each 
parameter in time. Erroneous data should be obvious, such as temperature, 
speed or conductivity spikes, or a diminishing speed presumably because of 
rotor fouling (Figure 6).

The questionable data can first be checked by referring to the deployment 
and retrieval log sheets (Figure 7) which record all relevant mechanical 
repairs and maintenance, and also note the extent of fouling and corrosion 
that could be the cause of erroneous values. Problems such as battery failure 
and erratic sensor operation are also recorded on the log sheets.

A progressive vector diagram (PVD), showing the north versus east components 
of virtual displacement, is also plotted showing the cumulative movement of 
water past the CM location (Figure 8).

When checking plots for data quality, if there is a question about the data, 
the other parameters for the same time period are checked to see if there is a
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corresponding change. Fore xample, if there is a sudden increase in
tenperature, the speed or conductivity is checked to see if it has changed 
during the same time or closely precedes or follows the change.

Another test is to check the records of the other meters which are at
various depths on the same array to see if there is a simultaneous change in
their data records that corresponds to the data record for the CM in 
question. In addition, if there is another array within the same area, a 
check is made to see if any of its meters have registered a corresponding
shift for the same time period. Simultaneous changes do not guarantee that 
the change is valid, but they do indicate that the data in question could be 
the result of an actual event. If the series dies out immediately or shortly
after the event in question, or if the data become erratic toward the end of
the record, the problem could be batteries that were running down. Low
batteries are especially suspect if all parameters die out.

If all parameters change, another possibility is that the entire array was 
somehow moved to a different depth. This could happen if the array was
deployed on an unstable slope or if the array is exposed to heavy ship
traffic. Field deployment logs may make note of either of these
possibi1 ities.

5. TCSD CONVERSION TO VUTS

Up to this stage of the processing procedure, the parameters have been 
temperature, conductivity, speed, direction, and pressure. The output of the 
conversion may consist of any of these parameters, but since th^, pressure 
values are relatively constant, this parameter is usually omitted at this 
stage from further processing, especially at depths of 100 m or less, because 
the wire depth is then considered to be sufficiently accurate. At water 
depths greater than 100 m the pressure data are included for further 
processing.

The output of the conversion program is now run through a program called 
TSCD-VUTS to convert speed and direction to north (V) and east (U) components 
and conductivity to.salinity.

This program can be used to adjust start and end times and set maximum and 
minimum limits for each parameter for auto-editing, as determined from the 
previous steps. It is also advisable at this point to update all directory 
information.

5.1 Pressure Data

The accuracy of the pressure sensors depends on the resolution and range of 
each sensor. Aanderaa specifications state both the accuracy and resolution 
to be ± 1% of the range.

To verify the pressure sensor values, they are compared with their CM's 
respective position on the array, i.e., wire depth. In some instances the 
pressure sensor reading of a CM may not agree with the wire length. In this 
case, the pressure calibration is checked. If the calibration values for the 
sensor in question are correct, then it must be decided whether to use the
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wire lengths or the pressure readings in determining the depth of the current 
meter.

XBT's taken at the array location can also be very helpful when the depth of 
a CM is in doubt.

It is also important to be aware of whether the water depth, as recorded by 
the ship's fathometer, has been corrected for the speed of sound through water 
(H.O. SP-68). The deeper the water at the deployment site, the more critical 
this factor is.

6. JOINING STRATEGY

Two data records are considered compatible for joining when they meet the 
following criteria: they must be at the same depth within an acceptable 
tolerance that usually depends on the overall depth; have the same location 
within about 1 nm unless there are large depth gradients, have the same 
sampling interval (series with different sampling intervals can be joined by a 
join conditioning procedure that is described in section 6.3); and generally 
have a data gap no larger than six hours. These critria are only general 
guidelines and should be compatible with the uses to which the data are put.

6.1 Bar Graph

A bar graph is a visual display that shows the depth, series length, and 
start and end times for each CM record (Figure 9) and aids in quality control, 
especially when working with 'a large quantity of data. This format gives an 
overview of all the data, and shows which data sets are compatible to be 
joined.

6.2 Join Key

In conjunction with the bar graph, a joining key is a useful aid in 
organizing and ordering files to be joined and for making the proper editing 
notes. The key shows all the data files available at each depth of a current 
meter array, as well as the location, AT, start and end times, and join 
compatibility of the files (Figure 10).

Data series that are compatible in all aspects but have different aT's can 
still be joined by resampling the series. This is discussed in the following 
section.

The join key summarizes the status of the files to be joined, as evaluated 
from the raw data edit plots, field reports (deployment and retrieval log), 
bar graph, and CM tape log sheets (work sheet, Figure 3). All records are 
assembled on one FESTSA tape in the order of joining.

When preparing files to be joined, whether using a join key or another 
method for checking join compatibility, you may find that the latitude or 
longitude may be slightly different. A minute variation is probably not worth 
worrying about, but does warrant referring back to the deployment log. If the 
depth or latitude and longitude are slightly different, check the preliminary
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plots of the files to be joined by conparing them to see if the parameters are 
consistent and conpatible.

The acceptable time gap is determined by the type of analyses expected to be 
performed on the data. If you are interested in high-frequency events, then 
you want to have as small a gap as possible. In cases where you are 
interested in low-frequency events or when the series are very long, a larger 
gap is less critical. Generally, our maximum allowable time gap has been set 
at six hours. There are three options for filling the data gap between two 
files: linear interpolation, total mean, and fill with zeros. Whichever
option is used for joining, it is very important to maintain the phase with an 
error no greater than 15 minutes.

If any of the series are not compatible for joining, it is better not to 
join them, but rather preserve them as distinct series.

6.3 Join Conditioning

Two series cannot be directly joined if their sampling intervals are 
different, i.e., if series-one has a AT of 20 minutes and series two has a aT 
of 30 minutes. Join conditioning is a subroutine that prepares these two 
series for joining by resampling the first part of series-2 at the sampling 
rate of series-one. These values are then used to lengthen the last part of 
the first series so that the two series overlap. In this way, after 
filtering, the end time of the first series will be equal to or slightly 
greater than the second series start time, thus allowing the two series to be 
joined.

7. FILTERING

When all the CM data with uniform sampling intervals have been processed 
through the stages of calibration, editing, and all possible series have been 
joined, the series are then filtered with a three-hour, low-pass filter and 
resampled hourly. The start time of each series is adjusted to the nearest 
day, and all series plotted as a check on data quality.

There is a different sequence of filtering and joining for CM series that do 
not have uniform sampling intervals. The series with different sampling 
intervals that have met the criteria for joining and have been join 
conditioned are first filtered with the three-hour, low-pass filter, resampled 
hourly, and then joined.

8. SUMMARY

In summary, the processing of current meter data requires the conversion of 
raw Aanderaa counts to scientific units onto a digital computer tape. 
Calibration values are applied at the time of conversion from the raw counts 
to scientific units. The data then are edited, start and end times adjusted, 
and, as means of quality control, each parameter plotted as a time series. 
Conductivity is converted to salinity, and speed and direction to north and 
east components. Compatible data sets are joined, and all records are 
filtered with a three-hour, low-pass filter. The resulting series are at
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hourly intervals. The final product is a CM data library tape that is as free 
from errors as possible and that contains all the information necessary for 
further analyses.
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Figure 1. Flow chart of current meter processing system.

11



Figure 2. Calibration graph.
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Figure 4. Time series dot plot (° indicates data out of bounds).
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