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Overview

SBE  Advanced Data Processing or
Why Doesn’t My Data Look
Like the Examples in Class?

» Sensor alignment, matching measurements of same
water parcel

» Underwater package-induced errors
» Correcting for conductivity cell ther
» Data editing and filtering
» Bin averaging

» Batch processing large

This section of the course is the final topic in profiling. Some of it is fine tuning of your
data to remove small artifacts of frequency counting, plumbing, and sensor physics. We
will also discuss the removal of the fairly gross effects of ship heave. Understanding

these topics will help explain most of the peculiar things that you might observe in your

data if you look closely.

Finally, we will talk about bin averaging your final data, and batch processing of large

numbers of files.

When we finish this module you should be able to:

e Align your conductivity and temperature data relative to pressure.

e Filter your conductivity data so it matches the time response of your temperature
data in an SBE 19plus.

e Align your dissolved oxygen data relative to pressure.
e Remove the effects of conductivity cell thermal mass from your data.
e Remove data artifacts caused by ship heave.

e Bin Average to reduce your data set, producing data at even pressure or depth
values.

e Batch process large number of files.
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Data Processing Steps: SBE 9plus | 11plus

SBE Processing: 911plus & DO

+ Seasave: Acquire raw data.
SBE Data Processing —

Data Conversion: Convert raw data: enable DO hysteresis
correction.

.

Filter: Low-pass filter pressure with time constant = 0.15 seconds
increase pressure resolution for Loop Edit.

Align CTD: Advance oxygen relative to pressure.

Cell Thermal Mass: Perform conductivity cell ther
correction if salinity accuracies > 0.01 PSU desired i
steep gradients. Typical values & = 0.03 and 1/

Loop Edit: Mark scans where CTD is m
velocity or travelling backwards due i

Derive: Compute oxygen. salini
Bin Average: Average data 1

This is an ordered list of the steps in acquisition and processing of CTD data gathered
with the 911plus. This list has quite a few more steps than our earlier discussion of the
basics. We will work our way through the list, first discussing the cause of the artifact
that we are interested in applying some computational energy to, and then discussing the

tool to apply it.

Notes:

1. Enable the oxygen deep-water hysteresis correction on the Miscellaneous tab in Data
Conversion.

2. Data is bin averaged after the major derived quantities are computed. Salinity, DO
density, etc, are functions of T, C, and P; these are calculated on the final values of T,
C, and P rather than the intermediate values. We’ll talk a bit more about this at the

end of the module.
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Data Processing Steps: SBE 19plus or 19plus V2

Processing: 19p/lus/19plus V2 & DO

* Seasave or Seaterm1’2 or Seaterm: Acquire raw data.

* SBE Data Processing —

Data Conversion: Convert raw data; enable DO hysteresis
correction.

Filter: Low-pass filter conductivity and temperature
constant to force them to have same response. Lo
pressure with 1 sec time constant to increase

Align CTD: Advance temperature and o

Loop Edit: Mark scans where CT
velocity or travelling backward

Derive: Compute oxygen,

Bin Average: Avera;

The processing list for the 19p/us or 19plus V2 is shorter because of the lower
expectations of precision and the different acquisition electronics.

e Use Seasave if acquiring real-time data.

e Use one of the terminal programs if uploading data from the instrument memory:

SeatermV2 for the 19plus V2, Seaterm for the 19plus.
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Activity

— For the configuration file, use Faroe.con
— Name your output file Faroe cnv
— Convert downcast only

— Convert to quantities that stand alone:
- Pressure, Digiquartz

- Temperature,2 [ITS-90] -- (seco

- Conductivity,2 [S/m] -- (seco

- Do not calculate parameter.

P.T.C!

* It you have time, do

— Look in your n

Activity: Data Conversion
* Use the file C:/Data’Module9/AlignC/Faroe.dat

We are preparing to operate on the data with an application that moves the T and C data

streams relative to the pressure data stream. Calculation of parameters that are functions

of T, C, and P is not useful at this stage. Further, it will complicate and confuse things to

have them in the data set before we are ready for them.

If you have time, process the 19p/us data in

C:\Data\Module9\AlignC\SBE 19plus\Miami.hex, using Miami.con. The 19p/us has no

secondary sensors. Your Data Conversion setup is:

e Downcast only

e Convert... Pressure, Strain Gauge [db], Temperature [ITS-90],

Conductivity [S/m]

e Name your output file Miami.cnv
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Conductivity Time Constant

It is very desirable to match the time constants of the temperature and conductivity

sensors. This improves salinity data in conditions of sharp gradients. The conductivity

SBE .
seeesees Conductivity Time Constant (Tau)

Conductivity cell has a time constant (Tau) that
depends on pumping rate

SBE 9plus pump and TC duct constrain Tau of
conductivity to match Tau of temperature
SBE 25 pump 1s slower (2000 vs 3000
than pump used with 9plus: filterin
T and C 18 recommended
Taus for SBE 19p/us and
well matched, and requi

sensor has a time constant that depends on pumping rate; it can range from

10 milliseconds at a fast pumping rate to very large if no water is moving through the

cell.

For the 9plus with a TC duct and standard plumbing, a pumping rate of 25 ml/s
brings the conductivity sensor’s time constant in line with the temperature

sensor’s time constant of ~70 ms.

The SBE 25 uses the same sensors as the 9plus, but the SBE 25 system usually
includes a slower pump (2000 rpm vs 3000 rpm). A small amount of filtering of

temperature and conductivity is usually recommended.

The 19plus and 19plus V2 temperature sensor has a much slower time constant
than its conductivity sensor, as we saw in the first part of the course. Because of
the way the filtering algorithm operates, the best match of temperature and
conductivity is obtained by filtering both channels with a filter having the same

time constant as the temperature channel.
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Conductivity Time Constant (continued)

BE .
SBE Filtering Converted Data

.

SBE 9pliis

— Filter A time constant T L
0.15 seconds for pressure oS Dot 5281 | oot V|

+ SBE25 TR
— Filter A tune constant

4R SpaclyFirs..
0.1 seconds for conductivity
and temperature

— Filter B tune constant

ariabie Name [unk]
0.5 seconds for pressure PR TR ]
* SBE 19plus or 19plus V2 e
— Filter A time constant

0.5 seconds for conductivity
and temperature

— Filter B tune constant
1.0 second for pressure

Starl Process

Filtering is done for two reasons:

To match the time constants of the temperature and conductivity sensors.

To smooth the pressure signal to minimize digitization noise in preparation for

removing loops in the data with Loop Edit. When smoothing pressure, use a filter

that is approximately four times the sample rate:

- SBE 9plus — samples at 24 Hz (0.04167 sec), 4 x 0.04167 = 0.15 sec
- SBE 25 — samples at 8 Hz (0.125 sec), 4 x 0.125 = 0.5 sec

- SBE 19plus or 19plus V2 — samples at 4 Hz (0.25 sec), 4 x 0.25 =1 sec
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lllustrating Sensor Misalignment

SBE Next, Sensor Alignment: What it
Means for T, C relative to P

Physical
Misalignment

These illustrations show alignment problems for an instrument not using a TC duct (such
as an SBE 19, which was typically sold without a TC duct). Here the temperature and

conductivity sensors can see very different water.
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Demonstration of Misalignment Effects

SBE Symptoms of
T and C Misalignment

0 db

+ Evidence of mismatch
seen in salinity spikes
and density inversions

T c s

Pressure
T

+ Correction via pressure

shifting of conductivity i ‘ 1
F T Step=0.05C;C Step=0.0155/m
Pressure Alignment Perfect 1

I Db 1

| at c‘s

Cleads T 0.084 db

Pressure
Pressure

Clags T0.084 db

Here is an artificial data set with a step change in temperature and conductivity.
Temperature is the blue trace, conductivity is the green, and salinity is the red.
e In the top plot, T and C are perfectly matched, yielding a plot of salinity that is
as expected.
¢ In the bottom left plot, C lags by 0.084 decibars (this is 2 scans at the 9plus data
rate, at a typical 1 m/s lowering rate). You can see that a negative spike shows up
in the salinity data.
e In the bottom right plot, C leads T by 0.084 decibars, yielding a positive spike

in salinity.

This behavior can be present in any CTD system built by any manufacturer. It is caused
by a mismatch of T and C measurements in relation to pressure. This is not a sensor
artifact; any T and C pair using any technology will produce an error in salinity if a scan

contains measurements from different water parcels.

A note about the direction of the salinity spike: The direction of the salinity spike is also
dependent on whether T and C are increasing or decreasing with increasing pressure. For
the examples above, if T and C were decreasing rather increasing, the salinity spike
would be in the opposite direction.



10 Module 9: Advanced Data processing

Removing Misalignment

SBE Manipulating Data to
Remove Misalignment

* An alignment is done = B
automatically in e
the 1 1 plu S [Erisi Advance Valies.

+ Alignment can change =
from default due to - stesien | [T}
changes in plumbing that  Sewen . &
increase or decrease Lo
pumping speed s |

* Use Align CTD module to
match temperature and S Pracees

conductivity data streams

Because the 91 1plus system is well characterized, an alignment of the data stream is done
automatically in the 11plus before data is transmitted to your computer. With the TC duct
in place, an alignment of 1.75 data scans (or 0.073 seconds) is done on incoming data.

A linear interpolation between scans is done to implement the alignment of a non-integer

number of scans.

Misalignment that differs from the nominal values can arise from plumbing changes,
which can influence pumping speed. A slower pumping speed increases a water parcel’s
residence time in the TC plumbing, and will require a larger shift in data scans. A faster
pumping speed will decrease the residence time in the TC plumbing and require a smaller

alignment value.

Note that the advance values are given in seconds and are relative to the pressure channel.
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Removing Misalignment (continued)

REELET A

How Do I Know How Much to
Advance or Retard a Data Cha

+ Bvlooking at vour data
— Find a spot in your data with
salinity shift
— Experiment with alig
a salinity excursi
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Removing TC Misalignment: Example

%25 Example Data From the
Faroe Islands

[ I I |
temperature, sec, ITS-20 [deg C] 12.00

.\[\II\II\

aéi\ma-t

-
o |w
a |o

—

. : ! : . :
34.80 galinity, P85-78 [PSU], sec T, sec C 35.20

-18.0 descent rate [m/s]

This data set was collected with the secondary T and C sensors of a 911plus off the Faroe
Islands in 1995. Note the spiky salinity data and the density inversions. These arise from
two phenomena: a mismatch between temperature and conductivity samples, and ship
heave. The ship heave causes water to move from around the instrument package down to

the sensors during deceleration.

We will enlarge part of the plot for a closer look, and do some experimenting with

sensor alignment.

A note about sensor alignment in the 911p/us: We mentioned earlier that the 11p/us Deck
Unit performs an automatic alignment of T and C. However, in old versions of the
11plus, the automatic alignment was done only on the output from the primary T and C

sensors; for secondary sensors we must do the alignment in post-processing.
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Removing TC Misalignment: Example (continued)

SBE Subsect of Example

Faroe.dat:
27.2000 density, sigma-t [kg/m*3], sec T, sec C 28.1000

[ T I }

34.75né) salinity, PS5-78 [PSU], sec T, sec C gq.ssnn
{-_ T I T T T T

?g\ﬁﬁ‘}

ship heave LT?{
3.
T C mismatch e

qo000—L 1 1 1 [ | 1 1
-1g.00 descent rate [m/s] z.00

500.00

pressurs
FTTTTTT

It is important to plot descent rate as well as density and salinity, because ship heave can
cause errors in your data set that are completely different from alignment errors. To align
your data, plot a small subset of the data that has sharp changes in temperature and/or
conductivity. Look for spikes in the salinity and density that do not correspond to rapid

descent rate decreases, which are indicative of ship heave.
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Activity

SBE
LLLLLZL

« Align CTD:
— Usze C:'Data'Module9' AlignC'\Faroe.cnv you created in last activity
— Advance C relative to P 0.042, 0.084, and 0.126 seconds (1. 2, and 3 scans)
— Name append 47, 42, and A3
* Derive:
— Use Faroe.civ, FaroeAl.cnv, Faroe A2 cnv, and FaroeA3. cnv
— Name append D
— Calculate Salinity, 2[PSU] and Density 2, sigma-t Kg/m”3
* Sea Plot: compare results using Overlay plot
— De-gelect Sort input files in Optiong menu, and then sele
(FaroeD.cnv, FaroeAlD.cny, FaroeA2D.cnv, and Fa;
— Plot P (500to 700) v S (34.75 to 35.00), with 0.
— Now try P vs Sigma-T (27.9 to 28.1), with 0

Activity: Align and Derive

+ If you have time, repeat the prox
— Look in your notes for details

For this activity, we start with the .cnv file you created in Data Conversion that contains
temperature and conductivity, and then do some advancing on the file with Align CTD,
trying a few advances. We then use Derive to calculate salinity and density from the
original .cnv file and from each aligned file. We should end up with the following files,
which we’ll plot in Sea Plot to see which advance gives the best results:

FaroeD.cnv -- Original data with salinity and density derived

FaroeA1D.cnv -- C advanced 1 scan (0.042 sec), with salinity and density derived
FaroeA2D.cnv -- C advanced 2 scans (0.084 sec), with salinity and density derived
FaroeA3D.cnv -- C advanced 3 scans (0.126 sec), with salinity and density derived

If you have time, align the data in C:\Data\Module9\AlignC\SBE19plus\.

e Filter the temperature and conductivity channels to match the sensor response, using
the Filter module. On the Data Setup tab, set Low pass filter A to a time constant of
0.5 seconds. Click Specify Filters... and select none for pressure and Low pass filter A
for temperature and conductivity.

e Advance temperature against pressure; try whole scan values of 0.25, 0.5, 0.75, and
1.0 seconds.

e Use Derive to calculate salinity and density.
Check your results with Sea Plot (try P from 0 to 110, S from 36.15 to 36.6,
and offset 0.05).
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Removing TC Misalignment: Example (continued)

SBE :
ceeceeee Alignment of T and C
Densty, g [sugm%nws] CO”dUChV'tyDEAdnSVWag S.gma']‘ %Cg[g ](0 042s)

27500 27525 27950 27975 X0 BB 200 2075 20100 27900 2705 27950 21575 FGO B> 28050 28075 28100
500+ R R R EEEEEEEEEEEE; T et e
525 525
550 £ 550
575 ST5E

0% density salinity S0 density salinity
§25§ ?25{
oo Ss0£
75 £ 75£
34750 GAT75 34800 34825 A0 TS UK0 45 34960 34750 34775 34800 34825 348 475 400 34805 34960
Sahmlv 2[PSU| Salinity, 2 [PSU]__
Conductivity @egggrgﬁggm‘%ng§](0 .084s) | Conductlwtyéed Q?ng(‘?’%ﬂi‘] (0.125s)

27. 27925 27950 27975 28000 28.025 25050 2&075 28.100 ! 27. 27925 27960 27975 26(”0 28.025 28050 28075 28.
500 g b b - 500 Fgr Tt
525 525 F
550£ 550+
575-£ .. 575+ L.

o f . salinity e . salinity
Feo£  density Fs¢ density

50 £ Bso+
75 ’7577
00:\\\\}\\\\} \‘\\\\\ \\\\\\\\\\\\ 00

34750 34.775 34.800 34.825 34.850 3487 34900 3492 34.950 50 3477 343800 3482 34&10 3457 343900 3492 34.95(

Salinity, 2 [PSU] Salinity. 2 [PS!

This is from the Faroe data set. The data on the upper left is unaligned, raw data. The
upper right has the conductivity channel advanced relative to pressure 0.42 seconds

(1 scan); spiking shows considerable improvement. The plot on the lower left has
conductivity advanced 0.084 seconds (2 scans) and shows some of the spikes going the
other direction. The plot on the lower right has conductivity advanced 0.125 seconds
(3 scans), and the spikes have reversed direction and are beginning to get longer. Note
that you can align by a non-integer scan interval. In fact, the SBE 11plus performs an

alignment for you of 1.75 scans (0.073 seconds).
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Removing TC Misalignment: Example (continued)

SBE Example of T C Alignment for
[CT et
SBE 19plus

Unaligned, 0.25s, 0.5s, 0.75s, 1.0s

w
o

Pressure, Strain Gauge [db]
(=2
o

-
o
o

A0 el
1 1 I I I 1 I I I 1
3615 3620 3625 3630 3635 3640 36545 3650 3655 3660

Derived Salinity [PSU

This is from the extra credit data set. The left most trace is the original unaligned data and
the others, from left to right, are aligned from 1 to 4 scans. The optimal alignment value

may lie between 0.25 and 0.5 seconds; it is left for the reader to experiment and find it.
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Removing Misalignment in Dissolved Oxygen

Dissolved O, Alignment

» Sensor time constants ~ 2 - 5 seconds,
depending on temperature

+ Plumbing delay < 2 seconds,
depending on location of sensor in tlow

* Delays add for ~ 4 seconds total

» Hysteresis in DO profiles 1s
plumbing delays, tempe
and sensor response ti

Aligning oxygen current and temperature in relation to pressure can improve hysteresis
(mismatch) in dissolved oxygen profiles. The SBE 43 has a faster time constant and
shows improvement in hysteresis over the Beckman- or YSI-type of sensor. Deep-ocean

hysteresis corrections are advised at depths greater than 1000 dbar.
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Removing Misalignment in Dissolved Oxygen
(continued)

SBE
[CT et _—
Hysteresis in
Dissolved Oxygen Profiles

Ooxygen, SBE 43 [mlf] Oxygen, SBE 43 (k]
15 2n 25 30 35 40 45 &0 50275 300 325 350 375 400 4
" ; h | } y

T T T T T

By
100-E4

Ly } |
7.5 200 225 250 275 300 250
Tem perature (ITS-90, deg C] TS0, deg C]

T T
275 300

While hysteresis is easily observed in pressure vs. oxygen profiles, it is also easy to
confuse hydrographic phenomenon with hysteresis. The plot on the right is a shallow
water plot < 1000 dbar, so is not experiencing deep-ocean hysteresis here. However, it
does show hysteresis in both temperature and oxygen; the peak in oxygen has a sharp
gradient in temperature associated with it. The cast was taken near the Gulf Stream, and it
is likely that the ship drifted during the cast. The CTD downcast probably moved through
the hydrographic feature at a different depth than the upcast. A hydrographic

phenomenon should not be removed with data manipulation.

Pressure-induced hysteresis can explain differences between downcast and upcast oxygen
data at depths greater than 1000 meters. For these exercises, we will not worry about

deep-ocean hysteresis effects, as this was covered in Modules 7 and 8.
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Removing Misalignment in Dissolved Oxygen
(continued)

SBE

T vs DO plot

)
5}
in

22 -F

n

20-F

Temperature (ITS-30, dea C|
Il el

Temperature IT5-30, dsg C]
o

Viewing hysteresis in this manner is an effective way of eliminating the confusion of

hysteresis and hydrographic phenomenon.
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Activity

Activity: Align DO Data

* Data Conversion:
— Use C'Data'Module9' AlignD O\GulfMex. dat and GulthMex con
— Convert upcast and downcast
— Output P, T, 8, and Oxygen Voltage SBE 43
+ Align CTD: advance Oxygen Voltage SBE 43 relative t
2, 4, and 6 seconds
— Name append 42, 44, and A6
+ Derive: Oxygen, SBE 43 in ml/1 for all .cav
— Name append D
— Accept default 2.0 second window size
+ Sea Plot. Overlay plot of T (17
with 1.0 offset for oxygen
+ If you have time, align

— See notes for details

You should end up with the following files to plot in Sea Plot to see which advance gives

the best results:

e GulfMexD.cnv original data, not advanced

e GulfMexA2D.cnv dissolved oxygen advanced 2 seconds
e (GulfMexA4D.cnv dissolved oxygen advanced 4 seconds
e GulfMexA6D.cnv dissolved oxygen advanced 6 seconds

If you have time, align the data in C:\Data\Module9\AlignDO\SBE19plus\ and derive

oxygen, using the same procedure.

e Check your results with Sea Plot (try T from 15 to 30, Oxygen from 2.2 to 5.5,
and offset 0.3).
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Removing Misalignment in Dissolved Oxygen
(continued)

SMBE Dissolved Oxygen Advanced 0, 2,

4, 6 Seconds Relative to Pressure
Temperature vs Oxygen

27+
26+
25+

ra
iy
|

ha
w
|

22+
21+

rnperature ITS-90, deg ]

—=  bhJ
w0
| |

2 18-F
v vt e b g
I T I T I T I T I I I I
25 30 35 40 45 50 55 B0 B5 70 75 80

Cygen, SBE 43 [mld
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Conductivity Cell Thermal Mass

SBE Effect of Conductivity
Cell Thermal Mass

* Glass conductivity cell stores heat
* A warm cell warms water moving through i

A cold cell cools water moving throu

» This causes water in cell to be a di
temperature than thermomet
moment earlier

The conductivity measurement has temperature dependence. The conductivity cell itself
is constructed of glass and plastic, and as such has a thermal mass. When the cell goes
from warm water into cold, the water that passes through the cell is slightly warmed as it
transits the cell, resulting in a conductivity measurement that is high of correct.
Conversely, when the cell comes up from cold water into warmer water, the water that
passes through the cell is cooled slightly, resulting in a conductivity measurement that is

low of correct. This heat transfer can be modeled and corrected.
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Conductivity Cell Thermal Mass (continued)

2RE Cell Thermal Mass Example

Faroe.dat:

iy
=
=1

temparature, pri, ITS-50 [deg C]

ssure [db]

H
®
A I I -+

1000 | | _‘
. 85-78 [PSU], pri T, pri C

w
-
@
=1
1
|
|
=
by

@
L
w
2]
]
-1

The data shown in this plot has already been aligned (using Align CTD), reducing
salinity spikes associated with misalignment. We see what appears to be salinity
hysteresis, but there is no temperature hysteresis. The feature that looks like salinity
hysteresis is actually caused by the effect of cell thermal mass. Another way to check for
cell thermal mass errors is to create a T vs S plot; the feature to look for in that plot is an

open curve.
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Compensating for Conductivity Cell Thermal Mass

SBE Removing the Effect of
Conductivity Cell Thermal Mass

BE Cell Thermal Mass [-[O1=]
File Options Help

File Selup Dot 5eiup | HeaderView |

$ Correst primaty conductiviy values
Temperatute sensar o use [piman =]
nomaly ampliuds [siphal ooz
Thermal somsl lme corstant [1/betal [7—

1% Earec! fecondany concichiiy valies

Temperatue sensor to s [Seconday =]
Thermal anamaly ampliude [dbhal. 003

Themmal anomaly time constant [1/beta]  [7

Start Process.

SBE Data Processing has a Cell Thermal Mass module. The thermal mass correction is
made with the equation shown below, which is a function of amplitude (alpha) and time
constant (1 / beta). Like many of the sensor-related phenomena we have considered, the

heat transfer within the cell has a time constant.

Thermal mass correction:
Corrected Conductivity = C + ctm

Where:
C = uncorrected conductivity

ctm = —1.0 x b x previous ctm + a x (j—;j x dT

dT = temperature - previous temperature
alpha

a=2x
sample interval x beta + 2

b=1-|2x2
alpha

de _ 0.1 x (1 + 0.006 x [temperature — 20))

dT
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Activity

SBE Activity: Removing Conductivity
Cell Thermal Mass Effect

+ Data Conversion:
— Use C:'\Data\Module9'\CellTM\Faroe.dat and .con
— Convert upcast and downcast
— OQutput
Tiume, Elapsed.. Seconds
Pressure, Digiquartz. .db
Temperature. . ITS-90..deg C
Conductivity.. S/m
Cell Thermal Mass: use defau
— Name Append C
* Derive: salinity for origi
* Sea Plot:

— Overlay plot o
salinity (34

You should end up with the following files, which you’ll plot in Sea Plot to see whether

the cell thermal mass correction improves the data:

e Faroe.cnv

e FaroeC.cnv

for original data

for corrected data

Note: To save time, we aren’t running Align CTD as part of this activity, so the resulting

plot of the data corrected with Cell Thermal Mass will still show salinity spiking.

Typically, you would run Align CTD to eliminate salinity spikes before running Cell

Thermal Mass.
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Activity (continued)

g@%@& Cast Corrected for
Cell Thermal Mass
GDDUncorrected for Cell Thermal Mass and Corrected
525

Pressure, Digiquartz [db]

o o (4]

- n 8 &
III\IIlIII\IIIIIII\:III\:IIIIII\lIIlH

Note that the corrected curve still shows what looks like salinity hysteresis, so the
correction could perhaps use some refinement. You could repeat the process for other

values of alpha and beta, to find the best result.
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Filtering Pressure to Remove Digitization Effects

LR

Filtering Pressure

+ Filtering pressure data removes the
digitization noise
« Filter pressure data if’

— You are going to use Loo
data artifacts. and/or

— You are interest;

In measuring the pressure sensor signal, there is a digitization error that may be removed
by filtering the signal with a low-pass filter. This has the effect of improving the

resolution of the pressure signal by smoothing the digitization jitter.
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Filtering Pressure to Remove Digitization Effects
(continued)

~=lBlx 1ol x|

[rg———

Flaseup Dele Sehp | HeaderView |

= Low pess files &, time condlani [¢] [075

[ manul SBE UershloaziiTie pas Low g e ot ] 375
D e S

Irgus discto

[ mari i\ GBE Urnveeeoage

Irgur . 1 soksciad

D0 |

Ouputdiscice

[ manioisGBE Uriersiyoops Seker

Typically, we filter pressure with a time constant that is 4 times the CTD sample rate.
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Filtering Pressure to Remove Digitization Effects

(continued)

120

21.0 TEMPERATURE 55, 21.0

Raw data

Filtering Pressure

Pressure filtered with
0.15 second time cons

I :33 &I

] ] o 120¢

/i

_Z

The left plot shows some dithering in the data that is eliminated by filtering the pressure.
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Data Artifacts Induced by Ship Heave

SBE Data Artifacts Caused by the
[CTUTT e
Underwater Package

Rapid Descent
Ship Heave Slows
Descent  Rapid Descent
Resumes

 Ship heave causes
underwater
package to loop
through water

e Accelerations and
decelerations
caused by ship
heave cause water
entrained within
package to blow
by sensors

Ship heave is the rocking motion of the ship. Most CTD deployments are made with a small
boom or an A-frame that leans out from the ship, giving some distance between the sea cable and
the side of the ship. Ship rocking has the effect of pulling up on the sea cable when the ship rocks
in one direction and slackening the sea cable when it rocks in the other. This heaving action
causes the underwater package to decelerate when the sea cable is pulled up and accelerate when
it goes slack. Most instrument packages have sufficient cross section that the deceleration effect
is more pronounced than the acceleration.

As the instrument decelerates, water that is entrained within the package can continue downward
past the sensors. This water is of different temperature and conductivity than the water at the
bottom of the package, and it causes a sampling error.

Further, in cases of radical ship heave, the instrument package can have a trajectory through the
water column that describes loops. It goes without saying that this sort of behavior causes

sampling errors.
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Data Artifacts Induced by Ship Heave (continued)

SBE
Ship Heave Effects

Enlargement of plot at left
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These two plots show the effect of ship heave. Both plots show descent rate in brown.
The plot on the left shows that each time the descent rate drops, the temperature and
salinity traces are disturbed. The plot on the right is an enlargement of a portion of the

left plot, showing the loop trajectory that was mentioned previously.



32 Module 9: Advanced Data processing

Removing Data Artifacts Induced by Ship Heave

SBE .
sseeees Removing Package-Induced

Data Artifacts

+ Data errors introduced this way must be
deleted: there 18 no fix

« Loop Edit removes loops caused by
ship heave

» Wild Edit removes data that f:
user-specified limits

The error caused by ship heave comes from the instrument package disturbing the water
that it is trying to sample. Because of this, there is no numerical solution for the problem.
SBE Data Processing has two editing modules that remove the offending data. As winch
technology improves, we can expect to see vessels equipped with motion compensation

capability, which will greatly reduce this problem.

Loop Edit marks data collected when the CTD loops through the water or decelerates
sharply.

Wild Edit marks data that falls outside of user-specified limits, given as standard
deviations of a window of data; this had data may be caused by a telemetry problem or

perhaps a critter or piece of debris going through the conductivity cell.

Data that is marked by these modules can be omitted in subsequent processing steps.
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Removing Data Artifacts Induced by Ship Heave

(continued)
SBE -
swseee  Removing Package-Induced
Data Artifacts
E [T T == ik it
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¥ Exclude scan: marked bad

Start Process Esil Concel

For Loop Edit:

The default minimum velocity is 0.25 m/sec, which is 25% of the typical nominal
descent rate of 1 m/sec. Typically, you should use the Percent of mean speed
algorithm if the cast had a variable descent rate; otherwise, use Fixed minimum
velocity.

If Remove surface soak is selected, the scans related to the surface soak are also
marked. See the SBE Data Processing manual or Help files for details on setting
up the soak depth parameters. The Use deck pressure as pressure offset selection
relates only to the marking of surface soak data, and has no effect on the pressure

data in the file.
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Activity

SBE Activity: Remove Loops

*  Data Conversion:
— Use C!\Data\Module9'Loop'AArctic.dat and .con
— Downcast only
— Time, pressure, temperature, salinity, and descent rate
* Filter: Filter Pressure with time constant 0.15 seconds
— Use same file name for output file, AArctic. cnv
* Loop Edit. Uncheck Remove surface soak and Exclude
marked bad. Run two times --
— Name append P, percent mean speed, 300 sec windo
— Name append F, fixed minimum velocity, 0.25 m
+ Sea Plot Click Plor Senup tab, click roces3 Dy
Process options button, and check Lj ¥ Froces e oo e
bad data. Plot each file separate E—— P
— Y axis Pressure (830 to 860 db Scansta tkpbetveen paint [5
— X axis 1 Temperature (2.8 ™ Pt scans maked bad be oop edt
— X axis 2 Descent rate (

After processing AArctic.cnv in Loop Edit, you should have the following files to look at

in Sea Plot:

e AArctic.cnv original file, not corrected for loops

e AArcticP.cnv corrected using percent of mean speed
e AArcticF.cnv corrected using fixed velocity

Create a separate plot for each file.

An alternate way to do this exercise is to use an overlay plot to plot all three files on one

plot, but you may decide that the plot is too busy to be useful.
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Removing Data Artifacts Induced by Ship Heave
(continued)

[Co

Removing Package- 3

Induced Data Artifacts, -
Loop Edit I
Original

Edit by fixed speed (.25m/s

Here is the example of loopy data that we showed earlier. The bottom two plots have
been edited by the two means available. Both plots show very similar results. The bottom
left plot is made by editing out data that drop below a fixed speed, in this case 0.25m/s.
The bottom right plot is made by editing data that drops below 20% of the mean speed
calculated over a 5-minute (300-second) window; this method gives you a bit more

flexibility.
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Ancillary Data Processing

Ancillary Data Processing

» Data editing

— Section
+ Retrieves a portion of a cast

— Split
+ Separates upcast from downe
+ Filtering
— Window Filter
+ Offers a vari

In addition to the data processing modules and procedures we have talked about, there are

other modules available.
e Clip out part of your data with Section.
e Separate your data into upcasts and downcasts with Split.

e Use various shaped windows (boxcar, cosine, Gaussian, median, or triangle) to
filter your data with Window Filter. The median filter is particularly good at

preserving sharp steps in the data while rejecting noise.
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Bin Averaging

Bin averaging is a means of reducing your data set to a more tractable, and perhaps a
more meaningful, size. The Bin Average module makes a statistical estimate of data
values at a user-prescribed interval based on the surrounding data. You can bin data on
the even meter or 10 meters. You can bin data with a bin size that represents the

resolution of your instrument. For time series measurements, you can bin on time

interval.

SBE
Bin Averaging

* Reduces size of a data set by statistically
estimating data values at even intervals
(e.g., everv meter or 10 meters)

* Can work in depth (meters).
pressure (decibars), time, or b
+ Can bin average upcast,
— If bin averaging upc
bins and downca

The surface
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Bin Averaging: Processing Protocol

28k Bin Averaging Protocol:

Pressure Interpolated

* A linear estimate of variable Xi at bin pressure Pi
_ (Xc—Xp)*(Pi—Pp)
(Pc—Pp)

P, =average pressure of previous bin X =average value of

Xi

+ Xp

P_ =average pressure of current bin X, =average valu
P; = center value for pressure in current bin

First bin Bin size=10 d|
Sum and average all da
then interpolate to cal
variable at center

An estimate of each variable is made using the average value of that variable and
pressure in the previous bin, and the average values of the variable and pressure in the
current bin. Bin averaging with interpolation provides output data at regular intervals (for

example, 10 meters, 20 meters, etc.).
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Bin Averaging: Processing Protocol

SBE .
T Bin Average Protocol:
Pressure, Not Interpolated

 Data within a bin is averaged by summi
and dividing by number of points wi

First bin

Bin size=10 db
Sum and average
all data within bin

This protocol averages all the data within the bin, producing uneven bin pressures or
depths. For example, if you are binning on 10-meter intervals, the first bin start is
5 meters and the end is 15 meters. All data within this window is averaged, producing a

bin depth of approximately 10 meters (e.g., 10.123 meters).
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Bin Averaging: Surface Bin

seE
The Surface Bin

* Surface bin constrained by user data entri
minimum, maximum, and assigned
or depth

Surface bin
Bin size=3 db

First bin
Bin size=10 db

The surface bin is handled differently because the previous bin would be up in the air.
The surface bin is assigned a beginning pressure or depth, an ending pressure or depth,

and a target pressure or depth.
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Bin Averaging: File Selection and Data Setup

SBE
File Selection and Data Setup

G 6in Aver: 5 6in Averane
Fic Optens Help Fie Optons belp

Fil S0 | Dt St | Measle iew | Fie Sehe Data S5 | Heeder view |

Fiogiam st e Bnime [Freore =

- ornna SR UneversghHOT 101 € 1o g o .
T [—

L R p——

Open | Save | [Geveis Flesiore

rpul diestery

¥ Evchude scans merked bad

The Data Setup tab allows your choice of pressure, depth, time, or scan bins. You can
include the number of scans per bin in the output file, which is useful for evaluating data
from instruments with a low sample rate. Bins with 1 sample in them are not very

accurate statistically.

You can skip data that you acquired while checking out your instrument before the cast

started. Similar to previous processing, you can process the upcast, downcast, or both.

Earlier in this module, we discussed techniques for removing suspect data. These data are
marked in the data set as bad scans. When setting up Bin Averaging, you may exclude

scans marked bad by previous processing steps.

As mentioned earlier, the surface bin is handled separately. Note that in our example the
surface bin is not included, because we are binning on a 1-meter interval. If you bin on a
small interval, it is very difficult to calculate a surface bin. For example, with 1-meter
bins, a surface bin would run from 0 to 0.5 meters with value 0.25 meters; depending on
the profiling and sampling speeds, there would be few samples within that depth. The
surface bin is useful for a coarser bin size. For example, with 10-meter bins, the first bin
starts at 5 meters and runs to 15 meters. You can succeed in calculating a surface bin that

runs from 0 to 5 meters with value 2.5 meters.
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Bin Averaging: Output Data

[CT e T

Bin Average: Output Data

# binavg_bintvpe = meters

# binavg_binsize = 1

# binavg_excl bad scans = yes

# binavg_skipover = 0

# binavg_surface bin =no, min = 0.000,
# file_type = ascii

*END*

1.000 249124 3524
2.000 249582 3
3.000 25.0029

Bin Average processes all variables in the input .cnv file, and inserts a column before the

error flag column if you selected include number of scans per bin.

The output columns for the example bin averaged data above are:

Bin depth

Temperature (°C)

Salinity (PSU)

Number of scans per bin (only if Include number of scans per bin was selected)
Error flag
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Activity

(L ALE

Activity: Bin Average Data

* Bin Average:
— Use C:'\Data\Module9'\BinAverage'\Hawail.cnv

— Name append B (names output file HawaiiB
saving original Hawaii.cnv file for archivi

— Click Data Setup tab; look in your
instructions to create 5 decibar

* If you have time, create 1
C:'\Data'\Module9'Bi
look in your note

After you have made the selections on the File Setup tab, click the Data Setup tab:
Choose Pressure for Bin Type
Enter Bin size of 5
Check Include number of scans per bin
Check Exclude scans marked bad
Skip over 0 scans
Process the downcast
Include the Surface bin
Surface bin minimum value 0
Surface bin maximum value 5
Surface bin value 2.5
Click Start Process.

Open HawaiiB.cnv in Notepad or Wordpad and take a look at the header and data. If you
have time, open 2 copies of SBE Data Processing; plot Hawaii.cnv in one, and

HawaiiB.cnv in the other.

If you have time, repeat this for C:\Data\Module9\BinAverage\Miami.cnv, using
1 decibar bins and including the surface bin (surface bin minimum value 0, surface
maximum value 1, and surface bin value 0.5).
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Activity (continued)

SBE
[CT et
Activity: Bin Average Data

The plot on the left is one we looked at in Module 3, for data that had been converted
using Data Conversion, but not yet processed using the advanced processing techniques

we reviewed today. That plot shows both the upcast and downcast.

The plot on the right is for the same data, but bin averaged. Notice that many of the
features are smoothed out when looking at Bin Averaged data. If you will be using any of
the advanced processing techniques we discussed today, do not Bin Average data

before you do the advanced processing.
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Data Processing Tips

SBE
[CT e TS
Data Processing Notes

 Best data is collected at highest rate
instrument is capable of

* Data should not be reprocessed

* Calculation of derived para
averaging should be don

A final note: Collect your data at the highest speed you can. Do not reprocess data; if you
advance data channels and bin average them or derive other parameters from them, do
not advance them again. Derivation of salinity, density, etc. and bin averaging should be
the last step after you process and edit your data. The decision to Derive and then Bin
Average or to Bin Average and then Derive is yours. If you Bin Average first you will be
Deriving from statistical estimates made from your data. If you Derive and then Bin

Average, you will be creating statistical estimates of your derived quantities.
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Data Processing of Large Numbers of Files

SBE
(EHREALLL, 4
Batch Processing

* Batch processing frees vou from processing
each cast individually

* Batch processing is done from a command

line prompt

— Win2000/XP run “command” from Si

dialog gives you an MSDOS win

— Win95/98 use an MSDOS wi

— Run SBEBatch directly fi

+ Format for sbebatch 1

For processing large sets of cast data, batch mode processing automates the job. You can
use the windows scripting host or a program provided with SBE Data Processing,
SBEBatch.exe. Your batch file can take advantage of command line parameters and wild

card characters.

You can run SBEBatch from a DOS window or from the Windows Run dialog
(Start -> Run). In all the examples we’ll use today (and the examples in the SBE Data

Processing manual), we’re assuming you are running from the Windows Run dialog box.
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Data Processing of Large Numbers of Files (continued)

SBE _
e Batch Processing

+ Batch processing uses an application that runs other
applications (i.e., data processing applications)
* You may use the Windows Scripting Host or an
application Sea-Bird provides, SBEBatch
» The applications that the batch processor r
listed in a text file that you make with a
like Notepad
— A list of applications are shown 1
» SBEBatch reads each line
each application n tur

Applications:
Module Process Name
Align CTD Alignctd
ASCII In Asciin
ASCII Out Asciiout
Bin Average Binavg
Bottle Summary Bottlesum
Buoyancy Buoyancy
Cell Thermal Mass Celltm
Data Conversion Datcnv
Derive Derive
Filter Filter
Loop Edit Loopedit
Mark Scan Markscan
Sea Plot Seaplot
Section Section
Split Split
Strip Strip
Translate Trans
Wild Edit Wildedit
Window Filter Wfilter
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Data Processing of Large Numbers of Files (continued)

SBE _
Batch Processing

+ Eachline of your batch file contains
— Name of the application
— Name of the files to operate on
— Any additional parameters needed to do the job
+ Parameters are denoted by the °/° character and an
identifier; a table of parameters is shown in your notes
+ For example, a batch processing file that mns
Data Conversion on 1 data file looks like:
DatCnv /iC:MyData.dat /¢C:MyCTD.con
- Input file 15 C:\MyvData.dat, designated by /i
- Configuration file 1s C:\MyCTD. con, designate
- This will cause Data Conversion to use las
substituting .dat and .con file from batch
specified in .psa file, and create AyD

A list of the most commonly used parameters follows; see the SBE Data Processing
manual for a complete list:

Parameter Description

/cString |Use String as instrument configuration (.con or .xmlcon) file. String must
include full path and file name.
Note: If using /cString, must also specify input file name (using /iString).

/iString  |Use String as input file name. String must include full path and file name.

This parameter supports standard wildcard expansion:

e ? matches any single character in specified position within file name
or extension

e * matches any set of characters starting at specified position within file
name or extension and continuing until end of file name or extension or
another specified character

/oString |Use String as output directory (not including file name).

/fString  |Use String as output file name (not including directory).

/aString |Append String to output file name (before extension).

/pString  |Use String as Program Setup (.psa) file. String must include full path and
file name.

/xModule: |Use String to define an additional parameter to pass to Module. Not all
String  |modules have x parameters; see module descriptions for details.

If specifying multiple x parameters, enclose in double quotes and separate

with a space.

Example: Run Data Conversion, telling it to skip first 1000 scans:

/xdatcnv:skip1000

#m Minimize SBE Data Processing window while processing data, allowing you
to do other work on computer.

If specifying multiple parameters, insert a space between each parameter in the list.
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Data Processing of Large Numbers of Files (continued)

SBE
ELREIZLL

Batch Processing Script

+ To process all the files in a folder use a
wildcard: the “*° character

* For example, a batch processing fi

looks like:
datenv /1C:\Data\*.d
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Data Processing of Large Numbers of Files (continued)

SBE
Running SBEBatch

» SBEBatch is run from the command line

+ Following sbebatch is the name of the batch
file that SBEBatch will open and execute

* For example: sbebatch c:\MyBatch.txt

- Causes SBEBatch to open MyBatc
and run the applications a line at

Here’s an example of how to use batch processing to run Data Conversion and Derive to
process all the files in C:\Data:

1. Run Data Conversion, entering the desired choices in the File Setup and Data Setup
dialog boxes. Upon completing setup, press Save or Save As on the File Setup tab.
The configuration is stored in the .psa file.

Repeat for Derive.

2. Create a batch file named batch.txt in C:\Data, which contains the following lines:
@Lines starting with (@ are comment lines, and have no effect on the result
@Use these to document what you are doing in the batch file
@Processing data from February 2006 Cruise
datcnv /iC:\Data\*.dat /cC:\Data\MyCTD.con
derive /iC:\Data\*.cnv /cC:\Data\MyCTD.con

3. Select Run in the Windows Start menu. The Run Dialog box appears.
Type in the batch processing program name and the .txt file name:
sbebatch c:\Data\batch.txt

The results:

1. Data Conversion uses its last .psa file, substituting the .con file from the batch file
for the .con file specified in the .psa file, and processes all .dat files in C:\Data,
creating a .cnv file from each .dat file.

2. Derive uses its last .psa file, substituting the .con file from the batch file for the
.con file specified in the .psa file, and processes all .cnv files in C:\Data (which
were just created by Data Conversion), creating a .cnv file from each .cnv file.
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Data Processing of Large Numbers of Files (continued)

SBE
ELREIZLL

Batch Processing Script

* Remember that the format for running SBEbat
sbebatch filename parameters

» You can operate on files in different f

same batch file by using comman

» These are entered after the b

denoted by the ‘%’ char

— The first command li
the second 15 %2
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Data Processing of Large Numbers of Files (continued)

SBE Batch Processing Script

+ For example, a batch file that has this line in C:\MyBatch txt
DatCnv /1%1\*.dat /c%1\MyCTD.con
Executed with this command line

SBEBatch C:\MyBatch.txt C:\Data
(C:\Data is the %] parameter)

Will cause Data Conversion to be 1un like thas:
DatCnv /1C:\Data\* dat /cC:'\Data\MyCTD.con
All the .dat files in C:\Data will be converted

+ For the same batch file, if the command line 1
SBEBatch C:\MyBatch.txt C:\New.
All the .dat files in C:'NewData wi

Now let’s add a bit more flexibility to the process. Here’s an example of how to use batch
processing to run Data Conversion and Derive to process all the data files in
C:\Data\Legl, C:\Data\Leg2, and C:\Data\Leg3:

1. Run Data Conversion, entering the desired choices in the File Setup and Data Setup
dialog boxes. Select Match instrument configuration to input file on the File Setup
tab. Upon completing setup, press Save or Save As on the File Setup tab. The
configuration is stored in the .psa file.

Repeat for Derive.

2. Create a batch file named batch.txt in C:\Data, which contains the following lines:
@Processing data from 3 legs of February 2006 Cruise
datenv /1%1\*.dat
derive /i%]1\*.cnv

3. Select Run in the Windows Start menu. The Run Dialog box appears.
Type in the batch processing program name, the .txt file name, and the %1 parameter:
sbebatch C:\Data\batch.txt C:\Data\Legl
Repeat for the files in Leg2 and Leg3:
sbebatch C:\Data\batch.txt C:\Data\Leg2
sbebatch C:\Data\batch.txt C:\Data\Leg3

The results:

1. Data Conversion uses its last .psa file, substituting the matching .con file for the .con
file specified in the .psa file, and processes all .dat files in C:\Data\Legl, creating a
.cnv file from each .dat file.

2. Derive uses its last .psa file, substituting the matching .con file for the .con file
specified in the .psa file, and processes all .cnv files in C:\Data\Legl (which were just
created by Data Conversion), creating a .cnv file from each .cnv file.

3. Steps 1 and 2 are repeated for the files in C:\Data\Leg2 and C:\Data\Leg3.
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Activity

SBE Activity

+ Run Data Conversion on C:\Data'Module9'\Batch'Puget00.hex
— Calculate pressure, temperature, and salinity
— Downcast only
— Save psa file as C:\Data'Module3'Batch\DatCnv.psa
* Run Bin Average on C:\Data\Module9'Batch'\Puget00.cn
— Name append B
— Calculate 1 decibar bins
— Downcast only
— Save psa file as C:\Data'Module3'Batch'Bi
— Look at Puget00B.cnv with Notepad
+ Delete Puget00.cnv and Puget00

+ Write a batch processing scri
C:\Data\Module9'\Batch —

1. The steps detailed on the slide are used to prepare Data Conversion and Bin
Average to operate with your batch file, by setting up the desired output
parameters, bin size, etc. The saved .psa files contain all the information on the
setup.

e We delete the output files — Puget00.cnv and Puget00B.cnv — because they
will be recreated by the batch processing script.

2. Create a batch processing script to process all files in C:\Data\Module9\Batch
(Puget00.hex, PugetO1.hex, etc.):
e Use Notepad to write your batch file, using a %1 parameter for the file
locations.

e Save your batch file as C:\Data\Module9\Batch\MyBatch.txt

3. Launch a command line session: Click Start > Run.

4. Run your batch file with the command line:
Sbebatch C:\Data\Module9\Batch\MyBatch.txt C:\Data\Module9\Batch

5. Check to see that you were successful with Notepad






