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Overview

SBE Data Processing

* The importance of accurate data
* Potential errors in CTD data

How SBE instruments are designed to
eITors

* Why processing CTD data i
Detailed lessons on SBE

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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Errors in CTD Data

Why worry about

Absolute Accuracy in Sensors?
* In oceanography. we measure physical quantiti
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Errors in CTD Data (continued)

* Dynamic Errors
— Errors incurred while sampling on moving
moorings where conditions are changing

— Response time of sensors

* Static Errors (discussed alrea

In this module, we discuss how to process and improve data for Dynamic Errors.
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Dynamic Errors in Temperature

* Temperature response time [
physical size and construction

— Response time for profiling
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Dynamic Errors in Conductivity

Dynamic Errors in Conductivity

* Response time of sensor to changing temperature
salinity
— Depends on flow speed through cell
— Depends on thermal mass of materials
* For both high and low accuracy
response time and thermal
* On free-flushed
changing these

Only on flow

In these examples, the temperature and conductivity sensors are not sampling the same

water parcel. This will lead to errors in computed salinity and density.
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Dynamic Errors in Salinity

SBE Dynamic Errors in Salinity:
1. Not Sampling Same Water Parce
* T and C sensors

measuring different
parcels of water

e,
L

Example of Non-plumbed
SBE sensors
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Dynamic Errors in Salinity (continued)

Dynamic Errors in Salinity:
2. Mismatched Response Times

0 db

* Non-Equal
response times | c s ]
between T and C

* T and C used to i — ]

compute salinity LY - :

4
i
]

» This causes
“Spiki-ng']?

C leads T 0.084 db

In this example, the conductivity sensor responds to a change faster than the temperature

sensor. This causes the salinity to spike high of correct.
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Dynamic Errors in Salinity (continued)

SBE Dynamic Errors in Salinity:
ELLTELIXE
3. Temperature Error caused by
Thermal Mass of Conductivity Cell

-

Image of a cold cup that changes color
after putting hot coffes mto it

All materials can be heated up, some more easily than others. For example, a cast iron
pan will get hotter than an aluminum pan when heated for the same length of time. A
ceramic cup full of hot tea can be comfortably held, but a metal cup full of hot tea would
be too hot to hold.

Different materials have different capacities for heat. The amount of heat that any given
amount of material can hold is either called that material's thermal capacity or its thermal
mass. The lower its heat capacity, the less energy it needs to raise its temperature. If it

has a high heat capacity, it can store a lot of energy at any given temperature.

Since sensors are made of thermally conductive materials, we should understand how the

sensor body materials affect the thermal mass, hence the measurement.
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Dynamic Errors in Salinity (continued)

SBE
Rough Seas Can Affect Data

The error caused by ship motions, known as 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 an editor that will mark
(flag) the offending data, so that it is not used in your final calculations. As winch
technology improves, we can expect to see vessels equipped with motion compensation
capability, which will greatly reduce this problem. Until that is available, you may want

to profile a bit more quickly to reduce the effect of ship heave in rough water.
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Reducing Dynamic Errors

1. Make measurements
on the same water
parcel at stations along
a pump-controlled flow

path

2. This allows us to
process data to
significantly

dynamic

Time 3

Time 2

Time 1

Sea-Bird Solutionto
Reducing Dynamic Errors

/

I

Time 4
|

Time 3
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Reducing Dynamic Errors (continued)

Flow Control

* Forces sensors to measure same water parcel, but at different ti

* Can correct for differences in time each sensor takes its
becaunse we have constant flow (speed) and sample rate

* Provides constant response time for sensors that
(conductivity and oxvgen)

* Constant flow and sample rate allows for
between sensors (similar to time of
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Data Processing Modules
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Data Processing Modules (continued)

SB! Key SBE Data Processing Modules

+ Wild Edit er (Median) Filter to remove outliers

for Profiling CTDs

Data Conversion converts data from hexadecimal toenginesring vnits

Align CTD ceordinates measurzments of T, C and P on same parcel of

—  Other varizbles 2z well 23 nesdad
Filter refines response time ufsemmsandmm‘lhesd:gﬂal noise
Loop Edit (Opbouﬂi)mdlm heave effects ki
Cell Thermal Massumrmismdmhuﬂym the
rate determined by pump speed or estimated basec
Derive takes the newly aligned and scted i
Omm)andu)umputesthedepmduﬂ ari;
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Data Processing: Converting Independent Variables

+ For successful computation of
be accurately measured AND
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Data Processing: Converting Independent Variables
(continued)

* Electrical measurement of conductivity

— 90% of signal from temperature
— 10% from salinity based on
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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 /. Data Conversion:
A. File Setup tab —
e 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 19p/us 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

SBE Filtering Data for Matching
A TC Sensor Time Responses
+ Conductivity cell has atime constant ek
(Tau) that depends on pumping rate S
— Temperature responseis not flow dependent & cm”
s+ SBE 9plus pump and TC duct controls e
Taun of C to match Tan of T e
— No Filtering required :hhut:zrr--
« SBE 25 and 25plus pump is slower than =
pump used with 9plus e T
— Filtering T and C optional for SBE 25 Pprireo)
_ Filtering T and C recommended for v
SBE 23plus ::':':m
* Tau for SBE 19p/us and 19plus V2 20, Seapit...
T and C are not as well matched; require . Sncked -
filtering of T and C ‘ s

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.

e 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.

e The SBE 25 and 25p/us 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.

e 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.



Module 9: Advanced Data Processing 19

Filtering Data (continued)

SBE Filtering Pressure to

Remove Digital Noise

* Filtering pressuredata = = = eemenesoee
removes digitization o e
noise

» Filter pressure data if:

— You are going to use
Loop Edit to remove
data artifacts, and/or

— You are mterested in
fine scale in SBE 9plus

Lo Bt .
i % & 8 8 8 w

E B ¥ & &

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)

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

g@g& Filtering Converted Data
CIEE -
e oo b
Filter Time Constants i, [ | ]
Liows pa e A, e coratert o] [
+ SBE 9lus e e
— Filter A 0.13 secfor P =
» SBE 25plus
— Filter A 0.1 secfor C andT
— Filter B025 secfor P X
» SBE 25 (optional) — "-;'ﬂ"'ﬂw Relpe | Qo |
o= :
— Filter A 01 secforC andT | Teamiistimd e
— Filter B0.5 secfor P Condicioaty [5/n] Lo pass e 4 Z
+ SBE 19plus or 19plus V2
— Filter A 0.5 secfor C and T
— Filter B1.0 secfor P

Filtering is done for two reasons:

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

e 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 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

Sensor Alignments

» Distance between sensors
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Demonstration of Misalignment Effects

SBE Symptoms of
T and C Misalignment in Data

0db;
+ Evidence of mismatch ¢
seen in salinity spikes
and density inversions 0Bl —heo-ommomool_

» Correction via pressure

shifting of conductivity

. Pressure

. T Step=0.05C; C Step=0.015 Sim |
Pressure Alignment Perfect

0 db —— . - | Odb

oo Pressure
Pressurna

C lags T0.084db { ? C leads 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.

e In the 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 In the 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)

8BE Symptoms of

Misalignment in Data

+ Mismatch of up and sy FEERSS
down cast values with . ﬁ%m _ﬁ’f:_m _
depth due to: . Eﬁ' ==l
— Slow response times F 1
— Distance between sensors ‘ J

(as shown here)

P e A

Here is data from auxiliary sensors showing misalignment.
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Removing Misalignment

SBE  Advancing Data in Time to
Remove Misalignment

+ Alignment on T and C is done
automatically in 11plus
Deck Box

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

+ Use Align CTD module to
match temperature and
conductivity data streams in
post processing

— On 19plus and 25plus CTDs

Varisbls Hs ] Adiacoli] | Clawdd
Tempershae I T5-90, deg (]

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)

1. Use factory defaults

~  Sea-Bird has done tests for standard
provide default alignments

2. By knowing the flow rate

between sensors, co

SBE How Do I Know How Much to
Advance or Slow a Data Channel
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Removing TC Misalignment: Example

SBE  Example Data From the
Faroe Islands

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

[
temperaturs, sec, ITS-90 [deg C] 12.00

"
o |w
o |o

s "
\_‘ﬂgma-t

Descent
. rate =

. . L : \ . ! :
34.80 salinity, PSS-78 [PSU], sec T, sec C 35.20
[

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 91 1plus: 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)

ubset of Example
Faroe.dat:
27.900¢ density, sigma-t (kg/m*3], sec T, sec C 28.1000
34.7509} l salir‘iity, plss—7s &psu], sec T, ‘sec c J;q.ssonl
500.0 T T T
s | \
I
S
@ =
- — .
2 | ship heave 12{\
o 3
A= A
B T C mismatch '1;_({ Descant
| Sigma-t‘-k{ rate
S Y Y Y = Y Y I

-1g8.00 descent rate [m/s] 2.00

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:

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

. 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 A/, A2, and 43

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

. In SBE Data Processing, run /9. 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\.

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.

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

Use Derive to calculate salinity and density.

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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Removing TC Misalignment: Example (continued)

SBE :
Eoetoees Alignment of T and C
e gl[rggml_',:a&gwﬂ Conductivity Ad\‘{fg S‘gm&l ](0.0425)
27. 27.925 27.950 27.975 28.000 28.025 28.050 25075 28100 27 27.925 27.950 27.975 28.000 28025 28050 28.075 28.100
RREEE R R R R R T 500 fgr T T T e T
5255
550
575
density salinity oo density salinity
H251F
s
P S50
¥t 75
7 :HH}HH}HH}HH}HH} \}HH}HH Gu:\H\}\HH}HH\}\HH}HH\}HH}HH\}H\H
34750 34.775 34.800 34.825 34.850 34.875 34.900 34.925 34.950 34750 34775 34.800 34.825 34.850 34875 34900 34925 34.950
Salinity, 2 [PSU] Salinity, 2 [PSU]
Conductivity %swrﬁggm t%{c:}?n% (0.084s) Conductlwty .@éivarﬁggml%ﬁu;] (0.125s)
27. 27925 27950 27975 28.000 025 28050 28.075 28.100 27925 27.950 27.975 28000 28.025 28060 28075 28.100
e 500 grrrbrrir et b
525 525
550£ 550 £
575-F .. s575£ ..
oot salinity ok salinity
Fos £ density s+ density
E 225
o0 oo
gm—g 5-E
7 :\H\}HH}HH}HH}HH} H}HH}HH m:\H\}HH}HH}HH}HH‘ \}HH}HH
750 TS 4900 4825 TN UGS 0 A5 D 34T50 TIS 34800 S 48D UETS M0 WS 380
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
SLELLLRT
SBE 19plus

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

Pressure, Strain Gauge [db]

-
o
(=]

110 IR NN NN !
1 I | 1 I | 1 I I 1
36.15 3620 3625 3630 3635 3640 3845 3650 3655 36.60

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

et T

AR LTTi

LA

Dissolved O, Alignment

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

¢ Plumbing delay < 2 seconds,
depending on location of sensor in flow

¢ Delays add for ~ 4 seconds total

» Hysteresis in DO profiles is
plumbing delays, temp
and sensor response ti

— Recommend
deep ocean

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
STEELLRE, s -
Hysteresis in
Dissolved Oxygen Profiles

Oxygen, SBE 43 [ml]
50 273 $00 325 350 375 4.00

Cxygen, SBE 43 [ml]
2.5 3.0 a5 40
I

Gauge [db]

essure, Strain

1005}\w..mu.m..um..uuw.u.u LB00 )y

T T T T T
300

225 250 275
Temperature [ITS-90, deg C]

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)

(LT LTL

T vs DO plot

& 8%

"
i

mperature (ITS-90, deg C]
L] b3
rhrrrrtrrrrheet

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

hysteresis and hydrographic phenomenon.
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Activity: Align DO Data and Derive

Explanation: For this activity, we convert the raw data in Data Conversion, then align the
data with Align CTD, trying a few advances. We then use Derive to calculate oxygen
from the original .cnv file and from each aligned file. You should end up with the
following files to plot in Sea Plot to see which advance gives the best results:

e GulftMexD.cnv original data, not advanced

e GulftMexA2D.cnv dissolved oxygen advanced 2 seconds
e GulfMexA4D.cnv dissolved oxygen advanced 4 seconds
e GulfMexA6D.cnv dissolved oxygen advanced 6 seconds

1. In SBE Data Processing, run Data Conversion:
e Use C:\Data\Module9\AlignDO\GulfMex.dat and GulfMex.con
e Convert upcast and downcast
e Output P, T, S, and Oxygen raw, SBE 43 [V]

2. In SBE Data Processing, run Align CTD three times:

* Advance Oxygen Voltage SBE 43 relative to pressure 2, 4, and 6 seconds
* Name append 42, A4, and 46

3. In SBE Data Processing, run Derive one time, on all 4 files:
e Use GulfMex.cnv, GulfMexA2.cnv, GulfMexA4.cnv, GulfMexA6.cnv
e Name append D
e (alculate Oxygen, SBE 43 -> ml/l
e Accept default 2.0 second window size for oxygen (on Miscellaneous tab)

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
(GultMexD.cnv, GulfMexA2D.cnv, GulftMexA4D.cnv, and GulfMexA6D.cnv)
e Overlay plot of T (17 to 28) vs Oxygen (2.5 to 8.0), with 1.0 offset for oxygen

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)

SBE Dissolved Oxygen Advanced 0, 2.

4, 6 Seconds Relative to Pressure
Temperature vs Oxygen

No advance

s
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Oxygen, SBE 43 [miln
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Conductivity Cell Thermal Mass

SR Effect of Conductivity
Cell Thermal Mass

* Glass conductivity cell stores heat

+ A warm cell warms water moving thro
— Will read warm of correct (High)
A cold cell cools water moving
— Will read cold of correct
+ Water in cell is a diffk

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

Faros.dat:

temperature, pri, ITS-%0 [deg C]

pressure [db]

FTTTTTTTTT]

w
4
-

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)
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Conductivity Cell Thermal Mass (continued)

SBE Removing Effect of
Conductivity Cell Thermal Mass
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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

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

a=2x alpha

sample interval x beta + 2

b=1-|2x—2
alpha

Z—; =0.1x (1 + 0.006 x [temperature - 20])
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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 (alculate 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.



42 Module 9: Advanced Data processing

Activity (continued)
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SEIDUncorrected for Cell Thermal Mass and Corrected

—

550

o o

o -~

(=

1 1 1 1 1
TITT T IT T (I IO [ IT T T T [ II T TIIT

Pressure, Digiquartz [db]
o
[
(8]

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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Data Artifacts Induced by Ship Heave

8BE  How to Remove Ship Heave
Effects on CTD Data

* Data errors caused by
CTD proﬁlm%l
reversals are flagged
by scan line

* We can choose to omit
these “flagged™ data
from averaging and
plots
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Data Artifacts Induced by Ship Heave (continued)

SBE Data Artifacts Caused by the
(O TS
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.



Module 9: Advanced Data Processing

45

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

SBE Removing Package-Induced
Data Artifacts

+ Data errors introduced this way must be
flagged in the data file or deleted

— There is no fix
* Loop Edit flags scans of data that
experienced reversals or loops
ship heave

* Wild Edit removes
user-specified limi

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. Until that is available, you may want

to profile a bit more quickly to reduce the effect of ship heave in rough water.

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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Data Artifacts Induced by Ship Heave (continued)

SBE Removing Package-Induced
Data Artifacts: Loop Edit

aloix]
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¥ Exchude scans marked bad

For Loop Edit:

e 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.

e 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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Data Artifacts Induced by Ship Heave (continued)

Removing Package-Induced
Data Artifacts: Wild Edi
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Activity: Remove Loops

Explanation: For this activity, we convert the raw data in Data Conversion, then Filter
the data, and look for loops with Loop Edit using two different methods. You should end
up with the following files to plot in Sea Plot:

e AAurctic.cnv original file, not filtered or corrected for loops
e AArcticFilterP.cnv corrected for loops using percent of mean speed
e AArcticFilterF.cnv corrected for loops using fixed velocity

1. In SBE Data Processing, run Data Conversion:
e Use C:\Data\Module9\Loop\AArctic.dat and .con
e Convert downcast only
e Output
Time, Elapsed -> seconds
Pressure, Digiquartz -> db
Temperature -> ITS-90 -> deg C
Descent rate

2. In SBE Data Processing, run Filter:
» Filter pressure with time constant 0.15 seconds
* Name append Filter

3. In SBE Data Processing, run Loop Edit two times:
e Use AarcticFilter.cnv as input file each time
e Uncheck Remove surface soak and Exclude scans marked bad.
¢ Run with name append P, percent mean speed, 300 second window, 20% mean
speed
e Run with name append F, fixed minimum velocity, 0.25 m/sec

4. Open three copies of SBE Data Processing; run Sea Plot in each copy to compare
results:

e PlotAarcticFilter.cnv in one copy, x|
AArcticFilterP.cnv in the second copy, and
AArcticFilterF.cnv in the third copy.

e On Plot Setup tab, click Process options
button, and check Lifi pen over bad data SEBIDEDCI LT 0

e Y axis Pressure (830 to 860 db), X axisl Srans to skip between points [
Temperature (2.83 to 2.89 deg C),

X axis2 Descent rate (-5 to 3 m/sec)

Note: An alternate way to do this exercise is to use

an overlay plot to plot all three files on one plot, ok | Ccancel

but you may decide that the plot is too busy to be

¥ Process scans to end of file

Scanz to process

11

[ Plat szans marked bad by loop edit

IV Lift pe

useful.
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Data Artifacts Induced by Ship Heave (continued)

S P
Removing Package- i r— D
Induced Data Artifacts, - - 4 ‘*:Z\_)
Loop Edit " =

Edit by fixed speed (.

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

REER LA

Ancillary Data Processing

* Data editing
— Section
* Retrieves a portion of a cast
— Split
* Separates upcast from down
* 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

sBE
Bin Averaging

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

Can work in depth (meters),
pressure (decibars), time, or

Can bin average upcast,
— If bin averaging upc
bins and downc

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.
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Bin Averaging: Processing Protocol

SBE
bt

* A linear estimate of variable Xi at bin pressure Pi
. _ (Xe—Xp)*(Pi-Pp)

P, =average pressure of previous bin X =average value o
P, =average pressure of current bin X, =average val
P; = center value for pressure in current bin

Bin Averaging Protocol:
Pressure Interpolated

+ X7
(Pc—Pp) &

First bin
Sum and average all d
then interpolate to c:
variable at cent

Bin size=10

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 (continued)

SBE .
e Bin Average Protocol:
Pressure, Not Interpolated

+ Data within a bin is averaged by summing
and dividing by number of points withi

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).

Note that some data bases require data on even intervals (10 m, 20 m, etc.), so averaging
without interpolation will not meet the needs of those data bases; use bin averaging with

interpolation instead.
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Bin Averaging: Surface Bin

SBE
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
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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 O to 5 meters with value 2.5 meters.
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Bin Averaging: Output Data

JCE T T

Bin Average: Output Data

# binavg_bintype = 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 35.2
2.000 24.9582
3.000 25.002

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

1. In SBE Data Processing, run Bin Average to create 5 decibar bins:
e Use C:\Data\Module9\BinAverage\Hawaii.cnv
e Name append B
e Data Setup

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

2. Open HawaiiB.cnv in Notepad or Wordpad and take a look at the header and data.

3. If you have time, plot the full data set and the bin averaged data set:
e Open 2 copies of SBE Data Processing
e Plot Hawaii.cnv in one, and HawaiiB.cnv in the other

If you have time, bin average 19plus data (C:\Data\Module9\BinAverage\Miami.cnv):

e 1 decibar bins

¢ Include surface bin
surface bin minimum value 0
surface maximum value 1
surface bin value 0.5
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Activity (continued)

SBE
CRALLRAL
Activity: Bin Average Data
Raw dataconverted, Same databin averaged
but no additional processing (downcast only) N
-—""‘r'—)

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
[Con )
Data Processing Notes

* Best data is collected at highest rate
instrument is capable of

+ Data should not be reprocessed

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 Steps: SBE 9plus | 11plus

% Processing Steps: SBE 9-11plus Data

»  Data Conversion
—  Output up /downczsts of 2ll parameters
- Only process indapendent paremeters (T.CP, OXVOLTS, Modulo Emrors, stc)
= Output converted varizbles {zzlinity, DO concentration] if comparing bo water samples

*  Align CTD
- SBE llpius Deck Box usuzlly imeny C +0.073 s2c, imes gacondary ©
—  Align Dissolved Oxygen (D00 {2-3 s=c) and other sensor data accordinsty in post i
= Filter

—  Oaly ifcontinuous tims s=riez 2nd no Prezaurs oullisrs

—  Filter Dressusa at #0115 sac
*  LoopEdit

—  Only ifship hesve a problem (if you z== loops or high stzndard.

- Ussminimum &1 speed fom CTD descent r2t= plots
*  Cell Thermal Mass
- ALWAYS apply this comraction in Saltwater
— Do NOT zpply this comection in Frazhwater:

This is an ordered list of the steps in processing of CTD data gathered with the 911plus.

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.
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Data Processing Steps: SBE 19plus or 19plus V2

SBE Processing Steps: SBE 19plus Data
et

*  Data Conversion
—  Output up /downrzsts of all parameters.
—  Only process on indspendent parameters (T,CP, OEVOLTS, =tc)

—  Output conwventad vari {zalinity. DO ific o watsr szmples
*  Alien CTD

—  Advance Temperaturs +.3 s=c, Conductivity (-1 s=c, znd Diszdlved Oxyz=n
*  Filter

— Only ifoontinwous time series znd no outliers

—  Filter Preszwe 2t +1 0 s2c_ 2nd Temperatuge znd Conductivity at
=  Loop Edit

—  Only ifship hezve 2 problem (if you s=2 loops or hish

—  Uszminimum £11 speed fom CTD descent ratz plots
*  Cell Thermal Mass

—  ALWAYS zpply this corraction in Saltwater

For acquiring data:
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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Data Processing Steps: SBE 25plus

Processing Steps: SBE 25plus Data

*  Data Conversion
—  Output up /downczsts of all parzmeters.
—  Only process on independent paramsters (T.C P OXVOLTS. atc)
= Output converted varizbles (szlinity, DO concentration]) if comparing to water szmples
* Alism CTD
- Advance Conductivity+0.1 z=c znd Dizsolved Omygen{D0) Voltaga 3-5 sac
*  Filter
—  Only ifcontinuons tims seriss znd no P outlisrs
—  Filter Pressura at +0.5 sac
= Loop Edit
— Only ifship he=ve 2 problem {if you 522 loops orhigh

For acquiring data:
e Use Seasave if acquiring real-time data.

e Use SeatermV?2 terminal program if uploading data from the instrument memory
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Data Processing of Large Numbers of Files

JCE T T

Batch Processing

» Batch processing frees you from processing
each cast individually

» Batch processing is done from a comman
line prompt

— Win2000/XP run “command” from
dialog gives you an MSDOS wi

— Win95/98 use an MSDOS wi

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)

JCE T T

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 ru:
listed in a text file that you make with a
like Notepad
— A list of applications are shown i

« SBEBatch reads each line
each application in tu

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)

JCE T T

Batch Processing

* Each line 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 runs
Data Conversion on 1 data file looks like:
DatCnv AC:MyData.dat /cC:\MyCTD.con
- Input file is C:\MyData.dat, designated by /i
- Configuration file is C:\MyCTD.con, desig
- This will cause Dara Conversion to use las
substituting .dat and .con file from batch
specified in .psa file, and create M)y

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

Parameter

Description

/eString

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:
String

Use String to define an additional parameter to pass to Module. Not all
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)

JCE T T

Batch Processing Script
* To process all the files in a folder use a
wildecard: the “*° character

* For example, a batch processing
Data Conversion on all data fil
looks like:

datcnv /iC:\Data\*.

- Input files are
- Configurati
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Data Processing of Large Numbers of Files (continued)
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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.

- Causes SBEBatch to open MyB
and run the applications a lin

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.

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

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 . ’
e Batch Processing Script

* Remember that the format for running SBEbatc
sbebatch filename parameters

* You can operate on files in different fo

same batch file by using command li

¢ These are entered after the ba

denoted by the ‘%’ charac

— The first command lin
the second is %2,

Your batch fil
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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 /i%]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 run like this:
DatCnv /iC:\Data\*.dat /cC:\Data\MyCTD.con
All the .dat files in C:\Data will be converted

* For the same batch file, if the command li
SBEBatch C:'\MyBatch.txt C:\N
All the .dat files in C:\NewData

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.

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 /i%1\*.dat
derive /1%1\*.cnv

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.

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.

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

Explanation: We will 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. And then we will create a batch processing script
to process a large number of files in the same way.

1. In SBE Data Processing, run Data Conversion:
e Use C:\Data\Module9\Batch\Puget00.hex
Downcast only
Calculate Pressure, Temperature, and Salinity
Save .psa file as C:\Data\Module9\Batch\DatCnv.psa

2. In SBE Data Processing, run Bin Average to create 1 decibar bins:
e Use C:\Data\Module9\Batch\Puget00.cnv
e Name append B
e Data Setup
Choose Pressure for Bin Type
Enter Bin size of 1
Process the downcast
Make other selections as desired

3. Delete Puget00.cnv and PugetO0B.cnv.
e Delete these output files from Data Conversion and Bin Average because they
will be recreated by the batch processing script.

4. 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

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

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

7. Check to see that you were successful with Notepad
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