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Overview

€3 s=iene Advanced Data Processing

This module covers the following:

+ Detailed lessons on SBE Data Processing

» Apply dynamic corrections to CTD data.

This section of the course describes using Sea-Bird Data Processing software to make
dynamic corrections when profiling. 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 Remove the effects of conductivity cell thermal mass from your data.
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Data Processing Software

€5 smune Dynamic Processing Modules

+ All of the processing
modules are explained in
the manual

9, Bottle Sumimary. .
-0, MarkSean,..

e . Defaglt parameters for
B each instrument are
Ditoen provided in the manual

15, ASCH Catt....
16, Sectian...
17, Spik..

18, Srip...

19, Translate...

21, SeaCak IIL..
Command Line Options. ..

Exit
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Key Data Processing Modules

SEABIRD Key SBE Data Processing Modules
for Profiling CTDs

« Data Conversion converts data from hexadecimal to engineering units

+ Filter refines response time of sensors and smoothes digital noise in Pressure
data

+ Align CTD coordinates measurements of T, C, and P on same parcel of water
— Other variables as well, as needed

+ Cell Thermal Mass corrects conductivity sensor thermal lag error for a given
flow rate determined by pump speed or estimated based on descent rate

+ Loop Edit (Optional) reduces ship heave effects by marking scans “badflag” if
scan fails minimum velocity criteria set by user

«  Wild Edit (Optional) or (Median) Filter to remove outliers

+ Derive takes newly aligned and corrected independent variables (T, C, P, Oxvolts)
and computes dependent variables (Salinity, Density, Oxygen Concentration)

+ Bin Average statistically averages data blocks into bins that are evenly spaced or
interpolated pressure, depth, scan count, or time blocks
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Additional Data Processing Modules

§ ssanno Additional SBE Data Processing Modules
’ for Profiling CTDs

+ Derive TEOS-10 takes newly aligned and corrected independent variables and

computed dependent variables using the Thermodynamic Equation of SeaWater
2010 (TEOS-10)

Buoyancy calculates Brunt-Vaisdld or buoyancy frequency over a specified
pressure intervals

+ Window filter smooths data using a median filter or four, size-adjustable
windowed filters: boxcar, cosine, triangle and Gaussian.

+ Command Line Options can be used to run all modules by the command line or
a batch processing script
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File Manipulation Modules

% serBIRD File Manipulation Modules
for Profiling CTDs

+ ASCII In transforms ASCII Text file with columns of data into a Sea-Bird
formatted .cnv (converted) file for processing and plotting in SBE software.

+ ASCII Out transforms a Sea-Bird formatted file and outputs a simple column file
of data in text format... can be used in Excel and other non-Sea-Bird programs.

+ Section extracts rows from converted .cnv data file within a specified pressure
range or scan count.

« Splitseparates converted .cnv data files into a up and down casts using the
maximum pressure as the boundary.

« Strip extracts columns from converted .cnv data files.

+ Translate convert data in converted .cnv data files from ASCII to binary, or vice-
versa.
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Data Processing Notes

3 R Data Processing Notes

 Best data is collected at highest rate
instrument is capable of

« Data should not be reprocessed

« Calculation of derived parameters and bin
averaging should be done last
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Activity: Convert Data

Explanation: 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, and it will complicate and confuse
things to have them in the data set before we are ready for them. So, just convert the

measured variables — pressure, temperature, and conductivity.

1. In SBE Data Processing, run 1. Data Conversion:
A. File Setup tab —
¢ Input files C:/Data/Module9/AlignC/Faroe.dat and Faroe.con
e Output file Faroe.cnv
B. Data Setup tab -
e Downcast only
e Convert...
Pressure, Digiquartz
Temperature,2 [ITS-90] — (‘2” indicates this is secondary T on an SBE 9plus)
Conductivity,2 [S/m] — (2’ indicates this is secondary C on an SBE 9plus)
C. Click Start Process.

If you have time, convert 19plus data (C:\Data\Module9\AlignC\SBE19plus\Miami.hex,
using Miami.con). The 19plus has no secondary sensors.

e Downcast only

e Convert...
Pressure, Strain Gauge -> db
Temperature -> ITS-90 -> deg C
Conductivity - > S/m

e Output file Miami.cnv
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Filtering Data

‘3:_7,': SEABIRD

+ Conductivity cell time constant (Tau)
depends on pumping rate
— Temperature response not flow dependent
* SBE 9plus pump and TC duct controls
Tau of C to match Tau of T
— No Filtering required
+ SBE 25 and 25plus pump slower than
9plus pump
— Filtering T and C optional for SBE 25

- Filtering T and C recommended for
SBE 25plus

+ Tau for SBE 19plus and 19plus V2
T and C are not as well matched;
filtering T and C required

Filtering Data for Matching
TC Sensor Time Responses

Ery cessing

20, Sea P,
21, SesCak L.
Bt

=[0] x|

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

sensor has a time constant that depends on pumping rate; it can range from 10 millisec 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 and 25plus use the same sensors as the 9plus, but these CTDs 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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Filtering Data (continued)

€ sorome Filtering Pressure to
Remove Digital Noise

« Filtering pressure
data removes
digitization noise

. Ffilter pressure data
It o

- You are going to i.
use Loop Edit to ;
remove
data artifacts, 2
and/or <

- You are
interested in fine B
scale in SBE Y e ®
Iplus

"

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 Data (continued)

Raw data
210 TEMPERATURE ..,
120¢ =TT
=8 T/
—
[ o
dbars =

S R Example: Filtering Pressure

Pressure filtered with
0.15-sec time constant

TEMPERATURE

21.0

26.0

120

=

The left plot shows some dithering in the data that is eliminated by filtering the pressure.
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Filtering Data (continued)

Filter Time Constants

+ SBE 9plus
— Filter A 0.15 sec for P

+ SBE 25 (optional)

Speaciy Fler:..
+ SBE 25plus
- Filter AO.lsecforCand T
;
~ Filter B 0.25 sec for P i 4
Wariable Name [uri] | Fiter Tyne Clear A

Poesiuie, Strain Gauge [db]

€5 s=unne Filtering Converted Data

1002

Fia S Dt S | g Vi |

Lowpass e me oot [35
Low s e B, e corint ] [T9

Lowpassiterd =

Filtering is done for two reasons:

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

e Tosmooth the pressure signal to minimize digitization noise in preparation for

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

- Filter AD.1sec for Cand T jeneB et ol
— Filter B 0.5 sec for P
[0 | o
+ SBE 19plus or 19plus V2 (o] oo
- Filter A 0.5 sec for Cand T |
- Filter B 1.0 sec for P St Process | [ ] o |

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 25plus — samples at 16 Hz (0.0625 sec), 4 x 0.0625 = 0.25 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 Alignment

€ e Sensor Alignments

» Distance between sensors
P-T
P-T to C-Star Transmissometer

 Time of travel of water parcel
through plumbing

P-T to DO

« Align big discrepancies in
response time (i.e,, DO)
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Demonstration of Misalignment Effects

‘2‘-: SEABIRD Symptoms of
T and C Misalignment in Data

- Evidence of mismatch o
seen in salinity spikes
and density inversions 3

T c S

Pressure
P TIE

« Correction via pressure 3 ‘

shifting of conductivity [ TStep=0.05C; C Step =0.015S/m
Pressure Allgnment Perfect

Odb — r Odb—

T c s

e TESEME
Pressure

C lags T 0.084 db | C leads T 0.084 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 Inthetop plot, T and C are perfectly matched, yielding a plot of salinity that is
as expected.
¢ Inthe bottom left plot, C lags by 0.084 dbar (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 Inthe bottom right plot, C leads T by 0.084 dbar, 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.
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Demonstration of Misalignment Effects (continued)

€ e Symptoms of Misalignment in Data

+ Mismatch of up
and down cast

values with depth R v
due to: ¢ Beam Beagi
N ~H;:::";¢ i 5
— Slow response = { N
times
i &
NI
— Distance

between sensors
(as shown here)

Here is data from auxiliary sensors showing misalignment.
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Removing Misalignment

[ G Advancing Data in Time
to Remove Misalignment
+ Alignment on Tand C i o =
done automatically in Fis e Data ek | Hoader Vi |
Liplus
Deck Box

+ Alignment can change
from factory default due to
changes in plumbing that
increase or decrease
pumping speed

Enter Advance Values

Varisble Nere {urit]
Tesmperature [IT5-90, deg €]

« Use Align CTD module to Exiﬁféﬁizw. ;
match T and C data
streams in post processing st |
- 8{_1[3159p1us and 25plus P — B | e |

Because the 911plus 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)

€% oo How Do I Know How Much to
Advance or Slow a Data Channel?

« Use factory defaults

— Sea-Bird has done tests for standard configurations that
provide default alignments

« By knowing flow rate and path distance between
sensors, compute a time delay

« By looking at your data

- Find a spot in your data with a sharp salinity shift
and/or unrealistic spiking

- Experiment with alignment values to minimize salinity
spiking
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Removing TC Misalignment: Example

) R Example Data From the
) Faroe Islands

Faroe.dat:

E . : . ; . .
-1.00 temperature, sec, ITS-90 [deg C) 12.00

pressure

ATTITTTTTTI

rate

| L | s ]
salinity, PSS-78 [PSU], sec T, sec C 35.z20

I 11 1 | | | 11 1 1]
z.0

1000

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 911plus: We mentioned earlier that the 11plus 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)

€3 o Subset of Example

Farce.dat:

ty, sigma-t [k

I I I £
salinity, PSS-78 [PSU], see T, sec € 4. 9500

g T ! I ! EY
B / ]

hip h ey a —
= y, 1

ship heave ~ )

W
=
i
n |o
o |B
o—

500.00

o

pressure

["TTTTTTTTT
~
s}
=
2
3
2
[e)
=

[\

™
o "'.\\
F A

I~

U
':."'-‘lr N
TUN

o

1
38
73

o

L 11 11 1

dascent rate [m/=] 2.00

Fo0.00

B
w0
o
o

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: Align Data and Derive

Explanation: For this activity, we start with the .cnv file you created in Data Conversion

that contains pressure, 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:

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

e FaroeAlD.cnv -- C advanced 1 scan (0.042 sec), with salinity and density derived

e FaroeA2D.cnv -- C advanced 2 scans (0.084 sec), with salinity and density derived

e FaroeA3D.cnv -- C advanced 3 scans (0.126 sec), with salinity and density derived

1. In SBE Data Processing, run 3. Align CTD three times:
e Use C:\Data\Module9\AlignC\Faroe.cnv you created in previous activity
e Advance C relative to P 0.042, 0.084, and 0.126 seconds (1, 2, and 3 scans)
e Name append Al, A2, and A3

2. In SBE Data Processing, run 6. Derive one time, on all 4 files:
e Use Faroe.cnv, FaroeAl.cnv, FaroeA2.cnv, and FaroeA3.cnv
e Name append D
e Calculate Salinity, Practical, 2[PSU] and Density 2 -> sigma-t, Kg/m”3

3. In SBE Data Processing, run 19. Sea Plot one time to compare results with an
Overlay plot:
e De-select Sort input files in Options menu, and then select input files in order
(FaroeD.cnv, FaroeA1D.cnv, FaroeA2D.cnv, and FaroeA3D.cnv)
e Overlay plot of P (500 to 700) vs S (34.75 to 35.00), with 0.025 offset for S
e Now try P vs Sigma-T (27.9 to 28.1), with 0.025 offset for Sigma-T

If you converted 19plus data in the previous activity and have time, align the data in

C:\Data\Module9\AlignC\SBE19plus\.

e Filter T and C 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 T and C.

e Use Align CTD to advance T against P; try whole scan values of 0.25, 0.5, 0.75, and
1.0 sec.

e Use Derive to calculate salinity and density.

e Plot 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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Activity: Align Data and Derive (continued)

€5 s=unne Alignment of T and C

Conductivity Advanced 1 Scan (0.042s)
Darzay, 7 [sgma, Kgim*3
27800 ITHRE  27.8E0 .‘.‘;'-E :?nun :a'd ':10:0 W|OTE AW
500 I L ! I | I I

525
550
Es7s .
H g0 salinity

densi 3 .
ty Baes density

i o
Conductivity Advanced 2 Scans (0.084s) Conductivity Advanced 3 Scans (0.125s)
oz skt e CARE I Mo o jaa zam o anel L -

it iprat, Kym®s
1m0 zram RPN F R 10

=

3 salinity

density

density

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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Activity: Align Data and Derive (continued)

€ e Example of T C Alignment for SBE 19plus

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

10¢
20+
30
40E
50
60£
70+
80£
90

Pressure, Strain Gauge [db]

-
o
o

R RN RN RN RN R R RARR IR RN RR LS

110+

Llrinaperen el
1 1 I I I I I I 1

5 3620 3625 3630 3635 3640 36 45 36 50 3655 3660
Derived Salinity [PSU] ﬁ

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.



Module 12: Advanced Data Processing 23

Conductivity Cell Thermal Mass

‘33: SEABIRD Effect Of Conducti\lity
Cell Thermal Mass

» Glass conductivity cell stores heat

+ A warm cell warms water moving through it
— Will read warm of correct (High)

« A cold cell cools water moving through it
— Will read cold of correct (Low)

« Water in cell is a different temperature than the
thermometer measured a moment earlier

+ When salinity is computed, it will be in error

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)

. SEABIRD
¢ Cell Thermal Mass Example

Faroe.dat:

-1.00 temperature, pri, ITS-90 [deg €]

T T I T T I T T T

"
]
o
=1

Upcast
— Downcast

prassure [db]
FTTITTTTTTI
N

1000/ 1 | 1
salinity, PSS-78 [PSU], pri T, pri C

W
&
©
o

W

n

&

o

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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Conductivity Cell Thermal Mass (continued)

Purarurn dia

"-5’: SEABIRD

SBE 9plus Salinity,

with and without CTM Correction

«  Green Salinity processed with Cell
Therrmal Mass (CTM) correction;
Black Salinity unprocessed

Galinity profie
e [bac

+ Corresponding Temperature (green)
and descent rate (blue)

3 o
: i R ' !
= 4
= -4 ;
1 1 - i
3 )
115 ] ¥ i
= = E ]
5 -
H = K
= £ ;
i , i
130 i 1 |
- — 42‘ ,) . |
135 -‘_7 ]
140 < ]
15 == -
i i = A 4
LE =6 =7 50 B w2 B2 B2 =5 54 B8 s | o
Salnty ot ol o

Note: Downcast only,
Data not Loop Edited

Dz/dt ~ 6.40 my/s
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Conductivity Cell Thermal Mass (continued)

€ seroe Removing Effect of
" Conductivity Cell Thermal Mass

Eo. Qotors Help

FieSonp DaaSehun | Header Vo |

7 Comect pimasy condciialy values
Tempecaiute sentor o ute m
Thems sncnsh angltude foghal — [703
Themal ancmay tme conatant [1/bstal [T

Tempeeature sansct to use [Seconday =]
Themal ancmaly arpltuds faipha] 0.03
Thetmal anomaly tme constant [1/batal  [7

Start Process [Ea ] o |

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 Conductiviy =C + ctm

Where:
C = uncorrected conductivity

ctm = —1.0 x b x previous ctm + a x (3_;’] x dT
dT = temperature - previous temperature

alpha
sample interval x beta + 2

b=1-|2x a
alpha

3—_'? = 0.1x (1 + 0.006 x [temperature — 20])

a=2x
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Activity: Remove Conductivity Cell Thermal Mass Effect

Explanation: For this activity, we convert the raw data in Data Conversion, then apply a
Cell Thermal Mass correction. We then use Derive to calculate parameters from the
original .cnv file and from the corrected file. You should end up with the following files
to plot in Sea Plot to see whether the cell thermal mass correction improves the data:

e FaroeD.cnv for original data

e FaroeCD.cnv 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.

1. In SBE Data Processing, run Data Conversion:
e Use C:\Data\Module9\CellTM\Faroe.dat and .con
e Convert upcast and downcast
e Output
Time, Elapsed -> seconds
Pressure, Digiquartz -> db
Temperature -> ITS-90 -> deg C
Conductivity -> S/m

2. In SBE Data Processing, run Cell Thermal Mass:
» Use defaults
« Name append C

3. In SBE Data Processing, run Derive one time, on 2 files:
e Use Faroe.cnv and FaroeC.cnv
e Name append D
e Calculate Salinity

4. In SBE Data Processing, run Sea Plot one time to compare results with an Overlay
plot:
e De-select Sort input files in Options menu, and then select input files in order
(FaroeD.cnv and FaroeCD.cnv)
e Overlay plot of Pressure (500 to 700) on y-axis; Salinity (34.85 to 34.95) and
Temperature (-0.5 to 3.5) on x-axes. Use 0.05 offset for salinity, 1.0 offset for
temperature.
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Activity: Remove Conductivity Cell Thermal Mass Effect

(continued)
€5 cexme Cast Corrected for Cell Thermal Mass

5EIDUncorrected for Cell Thermal Mass and Corrected

Corrected

rz

(53]

o

o

1 Il 1 1l
TITTTIT T I T T T T I I T T I T I ooTaT

Pressure, Digiqua

700

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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