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Proposal for QC of SeaSonde data

Abstract

This report looks at options for QC of SeaSonde radial and vector

data.

1 Introduction

The purpose of this document is to propose criteria for assessing the quality of
SeaSonde radial and vector data with a view to developing a FV01 standard
for these data. To date no QC, other than that carried out routinely using
CODAR software, has been implemented for these data. Some work looking
at the data at an earlier stage in the processing has been published Atwater
and Heron [2012] but has not been developed sufficiently to be implemented
at this stage. The aim of that work is to develop QC indicators that are
based on the radar data as has been done for ACORN WERA data. That
would be consistent with the ACORN philosophy that data quality starts
at the radar product [Heron and Atwater, 2014]. In the absence of that
level of information and knowing that the currently provided product can
sometimes be rather noisy, an alternative approach is needed to provide a
more reliable product. When the more basic work has been completed the
quality classifications developed here will simply build on those provided by
the radar-based classifications.

In this report a number of QC indicators are suggested that can be applied
to the standard radial data. In addition, a number of QC indicators that can
be used during vector processing are proposed. These indicators are inter-
preted in terms of the 4 levels currently being used to classify ACORN data,
i.e. ’good’, ’probably good’, ’probably bad’ and ’bad’ [Heron and Atwater,
2014]. Examples of their implementation are presented.

2 Radial Quality Control

For most applications quality control of the radials themselves is less im-
portant than quality control of these radials during the vector processing.
However, some researchers have been using the radials directly, for example
in assimilation schemes [Shulman and Paduan, 2009], so adding QC infor-
mation to files containing these data is of use. In addition of course quality
control should begin as early in the processing chain as possible [Heron and
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Atwater, 2014]. The standard CODAR vector processing software provides
the opportunity to specify a maximum velocity above which vector data
are not used. In the ACORN implementation this is set at 2 m/s which is
higher than the maximum reported current speed within the Leeuwin cur-
rent system. A similar criterion could be applied directly to the radials. The
standard CODAR vector processing software uses the temporal standard de-
viation in the radial files to calculate the standard deviation in the vector U
and V components. This standard deviation is of course a measure of the
uncertainity in the radial estimates so again could be used to provide a QC
measure. Laws et al. [2011] also explored the use of the standard deviation,
taking into account also the number of individual measurements that went
into its calculation. They showed that there was some benefit in taking this
into account but indicated that more work was needed to get a realiable error
model. The number of individual measurements is used here in the vector
QC approach.

For a given threshold in speed (2.5 m/s is proposed) and standard deva-
tion (0.5 m/s is proposed) the classification is given in Table 1.

Table 1: Radial QC

Good = 1 Probably Good = 2 Probably Bad =3 Bad =4

speed ≤ 2.5 > 2.5 ≤ 3 > 3 not used

std ≤ 0.5 not used > 0.5 NaN

The final classification for each radial measurement is the maximum of
the above. For example if speed is classified as probably good and standard
deviation as good, the radial is classified as probably good. The same ap-
proach can be applied when the more detailed radar classification work has
been completed.

3 Vector Quality Control

3.1 The standard CODAR method as applied by ACORN

The standard method is described in CODARa [2004]. It involves the fol-
lowing steps.

• Grid specification. SeaSonde radial data are provided on a polar grid,
the natural format for radar data. The two radials are therefore on
different grids so a vector grid has to be defined. The ACORN vector
processing specifies a grid. Data on this grid are included in the files in
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the vector directory on the IMOS Thredds server (http://thredds.
aodn.org.au/thredds/catalog/IMOS/ACORN/catalog.html) if a vec-
tor has been calculated at that point. For ease of use, eMII reformat
these vector files to include the full grid with specified fill values for all
additional grid points and these data are provided in the gridded 1h-
avg-current-map-non-QC directory on the IMOS Thredds server. The
equivalence of these two has been confirmed.

• Specify radius of averaging circle. 10 km is used. All radials that fall
within this circle surrounding each grid point are used in the subsequent
analysis.

• Establish that there is at least one radial velocity from each radar
within the averaging circle. If not no vector is calculated.

• GDOP. This is handled by requiring that there be at least one pair of
radials that subtend an angle > 20◦ with the radar sites. In addition
all grid points must be at least 20◦ away from the baseline.

• Speed limit. After the vector is calculated vectors are discarded if their
speed is greater than the specified maximum (2 m/s in the ACORN
case).

• Calculation of U and V. The calculation is described in CODARb [un-
dated]. It is a least squares fitting method with the solution given
by

U =
N∑

i=1

eiRi, V =
N∑

i=1

diRi

where Ri, i = 1 · · ·N are the radials and the coefficients ei, di are given
by

ei =

sinθi

N∑

j=1

sin2θj − cosθi

N∑

j=1

sinθjcosθj

N∑

j=1

sin2θj

N∑

j=1

cos2θj − (
N∑

j=1

sinθjcosθj)
2

di =

cosθi

N∑

j=1

cos2θj − sinθi

N∑

j=1

sinθjcosθj

N∑

j=1

sin2θj

N∑

j=1

cos2θj − (
N∑

j=1

sinθjcosθj)
2

where θi are the directions of the radials measured clockwise from North
(rather than anti-clockwise from east as given in CODARb [undated]).
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The CODAR documentation states that the variances in U and V can be
calculated in terms of the radial variances ∆R2

i using

∆U2 =
N∑

i=1

e2i∆R2

i ∆V 2 =
N∑

i=1

d2i∆R2

i .

However this is only true if the radial variances are uncorrelated which is
unlikely to be true particularly in range due to the earlier signal processing.
Using the above expressions will underestimate the resultant velocity vari-
ances. Nonetheless, these expressions have been used below to provide one
of the velocity vector quality indicators.

The standard deviations in U and V calculated using the expressions
above are included in the vector files provided using the standard processing.
They are not yet included in the eMII vector files.

3.2 Vector processing

The CODAR vector processing method described above has been imple-
mented in Matlab and, more recently, in PERL. This was necessary in order
to implement quality indicator calculations before and within the vector pro-
cessing. The full grid is used. The program takes as its input the netcdf
radial files from the two radars that are available in the radial directory on
the Thredds server. The radials are first screened to ensure that the radial
standard deviations are finite and the radial speeds are less than the 2 m/s
threshold. Figure 1 shows that the Matlab implementation agrees with the
standard processing. The PERL processing has also been checked.

3.3 Quality indicators and classification

The following quantities have been identified as impacting on the quality of
the resultant vectors. This judgement is at the moment entirely subjective. It
is not based on any comparisons with sea-truth or with any metrics for spatial
or temporal continuity although spatial continuity has played an important
role in the judgement.

Key quantities that are checked before calculating the vectors.

• Radial quality. The thresholds specified in Table 1 have been used.

• GDOP. The standard processing uses an angle threshold of 20◦ as dis-
cussed above. Extending this to 30◦ has been reviewed (see below).
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eMII matlab

Figure 1: Comparison of vector current maps produced using eMII and new
matlab code to confirm agreement

• Number of radials from each radar within the averaging circle. The
standard method requires that there be at least one from each radar.
There is some evidence (for the cases that have been considered) of
problems if there is a big difference in the number of radials from each
radar particularly when one of these numbers is small. So the ra-
tio (larger/smaller) of the number for each radar is calculated. The
problems are most evident at longer ranges where the averaging circle
can pick up just one or two radials from one radar, that might be well
separated in space from all other radials from that site, but many, prob-
ably correlated, radials from the other site along one or two directions.
Closer to the coast, and not too far from the radar sites, the radials
within averaging circles tend to be more evenly distributed across the
circle.

Key quantities at the post-processing stage.

• Maximum speed is checked against the threshold.

• Standard deviations of U and V. It was noted above that these most
likely underestimate their true values due to correlation particularly in
range of the radar Doppler spectra used to derive the radials. Nonethe-
less they do give some indication of the uncertainties in U and V and
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Table 2: Vector QC

Good = 1 Probably
Good = 2

Probably Bad
=3

Bad =4

GDOP ≥ 30 < 30 & ≥ 20 < 20 not used

N radials both ≥ 2 either ≤ 2 either ≤ 2 either = 0

and their ratio no ratio test and ratio ≤ 3 and ratio > 3 not used

Speed ≤ 2.5 > 2.5 & ≤ 3 not used not used

U, V std ≤ 0.5 > 0.5 & ≤ 1 > 1 not used

Isolated points no yes not used not used

thresholds for these are set. The threshold of 0.5 m/s has been selected
on a trial and error basis.

• Vectors that are generated at isolated points in space tend to look noisy
so these are identified. They are defined as points where none of the
nearest neighbours have a quality classification of 1.

The proposed classification of the above into the standard quality levels
is given in Table 2.

Figure 2 below shows comparisons of the standard processing, process-
ing including levels 1 and 2 (i.e. including Good and Probably Good data)
and processing at level 1 (i.e. including only Good data). The top panel is
an example of data that looked ok with standard processing. The remain-
ing panels are all examples that have been highlighted by David Griffin as
appearing to have problems. While it is clear that the level 1 processing re-
moves some clearly spurious vectors at longer ranges in the upper two panels,
and in particular those identified by David Griffin in the second panel, it is
less clear that there is a difference in the lower two. If anything the process
may be removing some good data for these cases. This is difficult to avoid
with subjective procedures of this sort. Figure 2 shows some examples that
were used by Chari Pattiaratchi to comment on the improved performance
of the TURQ radar after the move northwards. Patches of large currents to
the north of the region seen in the standard processing maps are removed
with the QC processing.

4 Recommendations and Conclusions

The choice of thresholds and their mapping to quality levels suggested here
is based on the author’s subjective judgement and on only a few tested cases.
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standard processing levels 1 and 2 level 1

Figure 2: Comparison of vector current maps with different levels of QC.
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standard processing levels 1 and 2 level 1

Figure 3: Comparison of vector current maps with different levels of QC.

8



Application of these criteria has been successful in removing some obviously
spurious vectors which detract from the generally good performance of this
radar pair. A quality-controlled product is needed and this work goes some
way towards its development. The PERL software has been running since
July downloading realtime radial files from the IMOS portal, carrying out the
standard processing and implementing the new quality control. The results
can be seen on http://144.6.252.11/ACORN/currents/index.html. The
results have been monitored and are consistent with the comments already
made i.e. the QC seem to remove most of the spurious data but occasionally
removes data that could be good. The software appears to be robust although
would benefit from a review by a more experienced programmer. Netcdf files
also need to be created for the QC data to provide an operational tool that
could be used for both realtime and offline processing of SeaSonde radials.
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