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SBE Training Introduction

[COUT

Sea-Bird Electronics Training fo
Data Collection in the Oce

Measurement of Ocean Profiles
Thermosalinographs - Sea

Welcome to Sea-Bird Electronics training course. The next few slides will show you

what we are going to cover in a little more detail.
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Topics We Will Cover

gnE Topics We Will Cover

* Introduction
— Company history and departments
— Oceanographic basics
* Profiling Equipment
— Internally recording
— Real time
— Water sampling equi

* Profiling Setup
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Topics We Will Cover (continued)

[COUT

 Basic Data Processing
— Conversion of raw instrument output to sci
— Bin averaging and plotting with Sea Pl
— Batch processing large numbers o
» Water Sampling and Deplo
— Sampling equipment
— User interface
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Topics We Will Cover (continued)

[COUTe T

* Making Measurements in the Ocean
— Sampling theory and sensor characteristics
— Coordinating measurements in space and ti
— Comparison of sampling for different i
— Conversion of instrument output t
* Getting the Highest Accura
— Care of sensors in field

— Calibrations in gener:
— Sensor drift char.
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Topics We Will Cover (continued)

[COUTe T

» Advanced Data Processing

— Underwater package-induced errors

— Correcting for conductivity cell thermal ma

— Data editing and filtering
* Moored Instruments
— SBE 16 and SBE 16plus
— SBE 37

— Sensor alignment, matching measurements of same
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Topics We Will Cover (continued)

[COUT

* Getting the Highest Quality Data with Moored I
— Care of sensors in field
— Calibrations in general
— Sensor drift characteristics
— Pre- and post-deployment calibrations

* Waves and Tides: SBE 26 and
— Measurement theory
— Deployment planning

» Waves and Tides:




8  Module 0: Introduction

Sea-Bird Electronics Company History

[CCoCE S

Sea-Bird Company History

* Incorporated in 1979 by Art Pedersen
— SBE 3 Thermometer

— SBE 4 Conductivity sensor
1984 SBE 9 / SBE 11 introdu

1987 Seacat (SBE 16, 19
family introduced

Art Pederson developed Sea-Bird’s first products for an autonomous vehicle at the
University of Washington’s Applied Physics Laboratory in 1961. These first products
later became the SBE 3 ocean thermometer and SBE 4 conductivity sensor. Pederson
incorporated Sea-Bird Electronics in 1979 with these two sensor products. From there,
the product line expanded to include real-time ocean profiling instruments with the
SBE 9/ SBE 11 acquisition/telemetry equipment and stored data profiling instruments

with the Seacat product line.
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Sea-Bird Electronics Company History (continued)

SBE
Secceses

* 1991 SBE 9plus / 11plus introduced

* 1993 Water Sampling (SBE 32) added to
product line

* 1997 MicroCAT (SBE 37-SM, -IM, a
-SI) family of Moored instrument

* 1998 CTD for ALACE auton:
profiling fielded

» 2001 Seacat plus (16
introduced

SBE 9plus CTD/ 11plus Deck Unit:

Water sampler control
More power for auxiliary sensors
Any 9plus will work with any 11plus

Improved telemetry

SBE 32 Carousel:

Improved reliability
Bottle closure in any order
Easier preparation for deployment

Mechanical compatibility with existing equipment

Seacat p/us enhancements:

Simultaneous P, T, and C sampling
Higher resolution for auxiliary sensors
More power available for auxiliary sensors

Ducted T and C

Company History continued
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Sea-Bird Electronics Company History (continued)

[COUT

Company History continued

* 2001 SBE 43 DO sensor and SBE 49 FastCAT
CTD introduced

* 2003 Pumped MicroCATs (SBE 37-SMP,
-IMP, and -SIP) debut

* 2004 SBE 26plus Wave & Tide Gau,
» 2005 SBE 39-IM Temperature
SBE 53 BPR fielded

 Presently employs 85 p
$18 million, 60% o

e SBE 43 DO sensor:

= (Calibration stability, improved temperature response, continuous
polarization, reduced hysteresis

e SBE 49 FastCAT CTD:

= Fast sampling, low cost CTD with no internal power or memory, no
auxiliary sensors — ideal for use with ROVs, AUV, etc.

e Pumped MicroCATs:
= Improved anti-foul protection and conductivity response
e SBE 26plus:
= Real-time tide data, wave data, and wave statistics, and internal recording
= Sampling flexibility, large memory, low power consumption
e SBE 39-IM Temperature Recorder:
= Inductive modem version of high accuracy SBE 39
e SBE 53 BPR Bottom Pressure Recorder:

= Full ocean depth water level with extremely high resolution, accuracy,
and stability
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Sea-Bird Electronics Organization

[CCoCE S

Sea-Bird Departments

* Production

— Mechanical and electronic assembly of all
instruments and accessories

e Test

— Preliminary testing of all electroni
circuit boards

— Final test of all instrume

Sea-Bird’s departments are:

e Production
e Test
e Customer Service
e (Calibration
e Sales
Production
The production department does all product assembly, from Carousels to
conductivity cells. To support product assembly, printed circuit boards are
populated with electronic components either at Sea-Bird or off site. Mechanical
components are machined, coated, and labeled as appropriate. Sea-Bird performs
all bonding of plastic to glass or metal.
Test

The test department performs preliminary acceptance testing on all printed circuit
boards and final testing on each instrument system. Sea-Bird tests products by
collecting data from each instrument while immersing it in one of the cold salt-
water baths maintained for this purpose. The bath testing serves two purposes: to
provide an operation check for the entire system and to ensure the instrument’s
ruggedness by exposing it to the shock of being plunged into a bath at
approximately 2 — 3 °C.
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Sea-Bird Electronics Organization (continued)

[CCoCE S

Departments continued

* Customer Service

— Diagnosis and repair of customer-owned
instrumentation

— Scheduling and interpretation of
customer-owned instrumentati

— Customer love:

* Disseminating calib

* Answering cust
instruments i

Customer Service
Customer service has the broadest set of responsibilities at Sea-Bird. Their

activities include:

e Receiving equipment for maintenance and repair.

¢ Scheduling maintenance and repair activities with customers.

e Responding to customer requests for help with instrument operation.
e Interpreting and disseminating calibration information.

e Performing final checkout of all instruments that have been repaired

or recalibrated.
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Sea-Bird Electronics Organization (continued)

[CCoCE S

Departments continued

e Calibration

— Calibration of Temperature, Conductivi

Pressure, and Dissolved Oxygen
— Maintenance of physical stan
traceability of secondary
physical standards

Calibration

The calibration department:

Calibrates new sensors and re-calibrates sensors returned from the field.
Maintains calibration histories for all sensors.

Monitors new sensors being held at Sea-Bird until a sensor history, adequate for
the precision specified for the sensor, exists.

Maintains physical standards that allow temperature calibrations to be traced to
the triple point of water and the melting point of gallium.

Operates the Guildline Autosal laboratory salinometer as a conductivity standard.
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Sea-Bird Electronics Organization (continued)
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Departments continued

» Sales
— Applications engineering
— Quotes
* Cost and delivery scheduling
— Distribution of literature
— Website

* Data sheets

Sales

Sea-Bird’s sales department acts as our ambassador to the oceanographic community in
addition to:

e Providing application engineering

Applications engineering means the customer describes their project and Sea-Bird
makes recommendations for the equipment package to best suit their needs.

e Disseminating catalogs, manuals, and application notes.

e Maintaining the Sea-Bird web site.

All information available as paper copy is also available electronically on
www.seabird.com.

TIP: Sea-Bird’s web site is the best source of up-to-date software and documentation.
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Introduction: Ocean Profiling

* Profiling means lowering an

to some depth

as it is lowered

— For example: Prediction o

SBE What is a Profile and Why Do
We Want One?

instrument from surface of ocean

* Instrument measures environmental
parameters (e.g., pressure and temperature

 Relationship between measured
is used for scientific purposes

A profile is a set of data for one or more environmental measurements, such as temperature and
salinity, taken at a regular interval over the ocean depth. In the beginning, there were few options for

obtaining ocean data. The most common means were:

e Hydrocasts

Oceanographers hung water samplers on a cable lowered into the ocean, then dropped a weight

down the cable to close the sample bottle and capture a water sample, released another weight to
trigger the next sample bottle, and so on. Once the samples were retrieved, discrete samples could

be analyzed for temperature and salinity. Accuracy was poor by modern standards, and only

12 — 24 data points were obtained for the whole water column. They yearned for more data points.

e Bathythermograph

The bathythermograph was towed from a ship as it was lowered on a cable. It scratched a trace of

the temperature versus depth on a coated glass slide. This provided more points, but only for

temperature and only for relatively shallow depths. People still yearned for more data.

e  Modern sensors and profiling equipment

Equipment that could make measurements and telemeter these measurements from the end of a
conducting cable back to the ship was invented; now there were more points, and life was good.

However, there was room for improvement. There has been steady refinement in profiling

equipment, data is telemetered digitally, sensors are improved, water sampling equipment is
attached to the measurement package, and samplers capture their water on command from the

computer on the ship. There are sensors available to measure a wider variety of parameters.

What do we do with our profile? We estimate deep ocean currents based on density profiles. We look

for sharp density changes to investigate the interesting chemical and biological processes that go on

there. We look for the boundaries of surface ocean currents. We look for the movements of different

water masses near shore that indicate upwelling or currents that move sediment along the shore. We

measure a sound velocity profile so we can refine our acoustic investigation of the ocean bottom. We
discover the depth at which a basin becomes anoxic. We are only limited by our imagination.
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Introduction: Ocean Profiling

WE A Profile

Faroe.dat: Data taken near the Faroe Islands

pressure

1 1
-78 [PSU], pri T, pri C

w

salinity, PSS

This profile was collected with an SBE 911plus system near the Faroe Islands.
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Introduction: Oceanographic Terms

[CCoCE S

Oceanographic Terms

* Mixed layer

* The surface ocean that is fairly homogeneou:
in properties because of wind and storm mi
However, this region has the most bi
activity.

* Thermocline

* A region in the profil
changes rapidly.

The ocean is often spoken of as a two-layer system: a mixed or surface layer and a deep
layer. The mixed layer or surface layer is as it sounds, at the surface of the ocean and well
mixed by wind and waves. The deep layer is separated from the surface by a region of
rapidly changing temperature referred to as the thermocline. Because density is a strong
function of temperature, the water in this area also changes sharply in density. The
change in density makes it difficult for water in the deep ocean to mix with water in the

surface ocean, effectively separating the deep layer from the mixed layer.
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Introduction: Oceanographic Parameters

m Oceanographic Parameters
* We measure:
— Temperature, Conductivity, Pressure
— Dissolved Oxygen, Fluorescence, Turbidi
— etc.
* We calculate:
— Depth as a function of P,
— Salinity as a function
— Density as a fun
— Sound veloci

We measure physical quantities with Sea-Bird instruments. These quantities are then used
to calculate the many parameters that are found in the analysis of oceanographic data.
Because the calculated parameters rely on accurate measurement of the physical
quantities, a small error in the original measurement can result in a large error in

data analysis.
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Introduction: Oceanographic Parameters (continued)
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Which Temperature Should I Use?

* The International Temperature Scale (ITS) is
agreed upon by a committee of scientists.

» They agreed in 1968, producing the ITS68
temperature scale.

+ Based on improved data they agree
1990, producing ITS90.

* Oceanographic temperature
* Over the oceanographic

The calculation of the parameters mentioned on the previous slide is made with equations
of the physical parameters. These equations were derived by gathering data in a
laboratory relating T, P, and C to the parameter of interest, and statistically fitting the
data to high order polynomials. The coefficients of the polynomials were determined
using the 1968 temperature scale. So, to use these high-order polynomials, we must

convert to the 1968 temperature scale for these calculations.
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Introduction: Oceanographic Parameters (continued)

S8E What is Salinity?

* Salinity was defined in 1902 as the amount of salts

in 1 kg of seawater. Major salts are:
— NaCl, MgCl, MgSO, CaSO,

* As an approximation, 35 grams of salts dissolved
in 1 liter of water equals 35 PSU salinity (1liter
fresh water weighs 1 kg)

» The relative proportions of the salts in
are (almost) always the same

* Conductivity is a function of te

* Water of a given salinity ai
will have the same salini
temperature

The relative proportion of each salt in seawater remains constant all over the ocean. This
means that if we compare a kg of seawater at 35.000 PSU with a kg of seawater at
20.000 PSU, only the proportion of water in each is different. This does not hold true in
areas of freshwater influence, such as river estuaries, or at high Latitudes when the ice is
melting. Similarly it does not hold true in brines, either those formed by evaporation of

seawater or from dissolution of salt domes or formed via volcanic influence.
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Introduction: Oceanographic Parameters (continued)

SBE  How Do We Calculate Salinity
From Conductivity?

* A committee of scientists commissioned
work to create an equation that relates
salinity to conductivity.

The Practical Salinity Scale of 197
born (PSS 78).

PSS 78 uses the 1968 temp

* To calculate Salinity w:
ITS90 temperature

Salinity is calculated from several polynomials that characterize seawater’s
thermodynamic behavior in terms of conductivity, temperature, and pressure. The
calculation is based on the ratio of the seawater sample conductivity to the conductivity
of standard seawater. The polynomials were determined by statistically fitting the
coefficients of these equations to laboratory results. The Practical Salinity Scale of 1978
is only valid when used with the temperature scale of 1968 over a temperature range of
-2 °Cto 35 °C, and it is only valid for seawater that has salinity between 2 and

42 practical salinity units (PSU).
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Introduction: Oceanographic Parameters (continued)

SBE _ ]
S Oceanographic Density

By definition, the density of fresh water is
1.0000 kilogram/liter

» The density of seawater might be
1.0250 kilograms/liter

* Oceanographers report density as a
“sigma” value, which is (densi
(in our example, 25.000)

* Further, “sigma” is refer

being at the surface, si

pressure and sigm

referenced to 1
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Introduction: Oceanographic Parameters (continued)

Ranges of
Oceanographic Parameters

* Temperature: -2 to 35 °C
— Best accuracy: £0.001 °C

* Conductivity: 0.0 to 7.5

— Best accuracy: 0.0
+ Salinity: 2 to 4
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Overview

[COUT e

Introduction to Profiling Equipment

Internally recording instruments

— Data recorded in semiconductor memory
Real-time instruments

— Data telemetered back to the ship
Auxiliary sensors
— Dissolved oxygen
— pH, ORP

— Fluorometers,
Water sampli

In this module we are going to present Sea-Bird’s equipment offerings for profiling. We
will present internally recording instruments first, followed by real-time instruments and

then water sampling equipment.

At the end of this module you should be:
e Familiar with Sea-Bird’s profiling product line.
e Aware of the difference between real-time and internally recording instruments.
e Familiar with the water sampling options available.

e Able to install Seasoft.
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Profiling Products

SBE g
- Profiling Products
SBE 9plus SBE 25 SBE 19plus

Sea-Bird offers 4 profiling instruments: the real-time SBE 9plus/11plus system, the
internally recording SBE 25 and SBE 19p/us, and the real-time SBE 49. The capabilities

of these instruments are contrasted in the following pages.
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Profiling Products (continued)

T Profiling Products
Sampling | AP Channels Power Real-Time
SBE R:te 2 | for Auxiliary | Memory | [nternal / Data Comments
Sensors External | Transmission
lih:[il;:;i]th ?:::::} ‘World's most accurate,
911plus 24 Hz 8 SB% VIplus | with SBE Yes high resolution CTD,
V2 VTplus V2 water sampler control
Yes -- may High resolution logging
require CTD with multi-
25 8 Hz 7 1 or 8 Mb Both SBE 26 Deck parameter support,
B cC water sampler control
Unit & PDIM | yith SBE 33 Deck Unit
Yes -- may Personal CTD, small,
req uire self-contained,
19plus 4 Hz 4 8 Mb Both adequate resolution,
SB_E 36 Deck |\ ier sampler control
Unit & PDIM | ith SBE 33 Deck Unit
Yes — may
require Intended for towed
49 16 Hz No No External SBE 36 Deck vehicle, ROV, AUV
Unit & PDIM

Sea-Bird’s flagship CTD is the SBE 9plus and SBE 11plus. The 9plus is the underwater
part of the system; it houses acquisition, telemetry, and power supply circuitry. The 9plus
receives power from the 11p/us deck unit and operates over more than 10 kilometers of
sea cable. It can operate several types of water samplers and may be configured with a
serial port multiplexed into the data stream, to accommodate instruments with serial
output rather than the traditional voltage or frequency. It comes standard with pressure,

2 temperature and 2 conductivity channels, and 8 voltage channels.

The SBE 25 features internal recording at up to an 8 Hz sample rate. It supports
temperature, conductivity, and pressure, plus 7 voltage channels. The 25 makes a smaller
instrument package and is battery powered with semiconductor memory.

The SBE 19 has been in the field since 1987, and there are over 2500 instruments in use
at present. The SBE 19plus is an enhancement of the venerable SBE 19. It is also battery
powered with internal memory. It features independent temperature and conductivity
channels, an integral T-C duct (hardware to improve the flow of water past the sensors),
and an improved sampling protocol. The 19p/us samples up to a rate of 4 Hz and
averages 1 to 32767 scans (decreases the sample rate).

The SBE 49 is an integrated CTD sensor intended for use as a modular component in
towed vehicles, ROVs, AUVs, or other platforms that can supply DC power and acquire
serial data. The 49’s pump-controlled, TC-ducted flow minimizes salinity spiking. The
SBE 49 samples at 16 Hz.
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Real-Time Profiling

e System Diagram for

Real-Time Profiling

SBE 1lplus |
Deck Unit

» Computer

single conductor
sea cable Real-Time me

is viewed

SBE 9plus
(no memory)

i

Real-time profiling means that you are viewing and storing data on your computer at
almost the same time that the measurement is being made at the end of the winch cable.
The almost part is because there is some time involved in packaging the bits up and

sending them up the wire to the deck unit and then onto your computer.

The system consists of sensors that convert environmental parameters to electrically
measurable quantities like voltage or frequency. The data acquisition component
measures the sensors’ outputs and telemeters them up the sea cable. The deck unit
receives the telemetered data, does some minor manipulation, and transmits the data to
your computer for display and storage. In the middle of all this is the winch and slip ring,
which provide the mechanical means of getting the instrument package down into the

ocean and the electrical data stream up to the deck unit.
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Cabling for Internally Recorded Profiling

e System Diagram for

Internally Recorded Profiling

Ship
Data is viewed
Non-conducting after it is colle
cable

SBE 19,
19plus, or 25

E (internal

- 5| memory)

Internally recorded profiling means that the measurements are stored in semiconductor
memory inside the instrument and are downloaded to your computer and viewed after
the equipment is on deck. The ship is not required to have a sea cable with an

internal conductor.

The measurement system consists of sensors that convert environmental parameters to
electrically measurable quantities. The data acquisition portion of the system converts the

sensor output to digital data and stores it internally.
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Conductivity, Temperature, and Pressure Sensors

SBE Conductivity, Temperature,

and Depth (CTD)

* Depth is derived from a pressure sensor

— Pressure sensor is typically internal to the
main pressure housing of the CTD

» Conductivity and temperature sensors
may be mounted internally or externa
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SBE 19 Versus SBE 19plus, Sensor Placement

SBE SBE 19 and SBE 19plus

* Integral conductivity cell and thermometer
* 4 Voltage input channels

SBE 19 without guard SBE 19plus without guard

Conductivity
cell

TC Duct

The SBE 19 has side-by-side temperature and conductivity sensors. The SBE 19p/us
features inline sensors and an integral ducting system, which ensures that water that

passes the thermometer goes into the conductivity cell.
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Calculating Memory Capacity in Scans

SBE
SeececeT

» Standard memory size is:
— 1 Mbyte for SBE 19
— 8 Mbytes for SBE 19plus
— 1 or 8 Mbytes for SBE 25

 Scan length is:
— 6 to 15 bytes for SBE 19
— 8 to 24 bytes for SBE 19plus
— 8to 19 bytes for SBE 25

Me
Memory Capacity In Scans = emony

Memory Capacity in Scans
for Internal Recorders

SBE 19:
Pressure Sensor | No External Voltages Sampled | 4 External Voltages Sampled
Paine ttttcceepppp ttttccccuuuvvvxxxyyypppp
Digiquartz ttttcceeppppppdddd ttttcceeppppppuuuvvvxxxyyydddd
where:

tttt = 2 bytes of temperature frequency

pppp = 2 bytes of pressure (Paine strain gauge)
pprPppp = 3 bytes of pressure (Digiquartz)
dddd =2 bytes of pressure sensor temperature compensation
uuu through yyy = 12 bits representing stored voltages

SBE 19plus in Profiling mode:

No external voltages sampled:
Four external voltages sampled:

where:

tttttt = 3 bytes of temperature frequency

prPPpPP = 3 bytes of pressure data
dddd = 2 bytes of pressure sensor temperature compensation voltage
vvvv = 2 bytes representing each stored voltage

SBE 25:

No external voltages sampled:
Seven external voltages sampled:

where:

tttttt = 3 bytes of temperature frequency
s = sign character for pressure

ccce = 2 bytes of conductivity frequency

ttttttcccceeppppppdddd
ttttttcccceeppppppddddvvvvvvvvvvvvvvvy

cceece = 3 bytes of conductivity frequency

ttttttccceceesppp
ttttttcccceespppuuuvvvwwwxxxyyyzzz0aaa

cccece = 3 bytes of conductivity frequency
ppp = 12 bits representing pressure

uuu through zzz and aaa = 12 bits representing stored voltages
0 = 4 bits all zero (used to make an even number of characters)
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Calculating Memory Capacity in Time

SBE Memory Capacity in Time for

Internal Recorders

+ Sample rates:
— SBE 19 = 2 scans / second or less
— SBE 19plus = 4 scans / second or less
— SBE 25 = 8 scans / second or less

Memory Endurance In Seconds =

Memory endurance in time is the ratio of memory capacity in scans divided by the

instrument sample rate.

e The SBE 19 sample rate can vary from 2 samples per second to 4 minutes

between samples.

e The SBE 19plus sample rate is 4 Hz (4 samples per second); however, you can

average between 1 and 32767 samples, for a range of 0.25 seconds to 2.3 hours

between samples stored in memory.

e The SBE 25 samples at 8 Hz and can average between 1 and 8 scans, for a range

of 0.125 seconds to 1 second between samples stored in memory.
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Calculating Battery Endurance in Time

SBE
SeececeT

Battery Endurance

» Each alkaline D-cell battery has a maximum of
14 amp-hours of power; we use 10.5 amp-hours as a
conservative estimate

» Battery capacity depends on ambient temperature

 Batteries come in 9-cell packs supplying 13.5 vo
(6- and 12-cell packs are available for SBE 1
voltage for auxiliary sensors)

 Battery endurance is nominally the ¢
divided by the current consumpti
package in amps

Battery End

Battery endurance is difficult to estimate, because a battery’s life depends on the ambient
temperature. Moreover, batteries tend to lose their capacity as they age. The information
on this slide is a good rule of thumb for alkaline batteries. However, for critical work,

consider that batteries are cheap, so you might as well start with a new set.
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Battery Endurance Examples

SBE Battery Endurance Examples
* SBE 19plus
— 0.065 amps for the SBE 19plus
— 0.100 amps for the SBE 5SM pump
— Maximum sampling time
~ 10.5/(0.065 + 0.100) ~ 63 ho
e SBE 25 (with SBE 43 Dissolved

— 0.19 amps for the 25
— 0.15 amps for the
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SBE 9plus/11plus Telemetry Channels

sBE
SBE 9plus / 11plus Telemetry

+ Data channel 8640 bps, Differential Phase Shift
Keyed (DPSK), uplink only

» Water sampler control channel 300 bps,
Frequency Shift Keyed (FSK), full duplex

* Optional 9600 bps serial data uplink

The 9plus / 11plus CTD has two standard telemetry channels, the data channel and the
water sampler control channel (often referred to as the modem channel). The data channel
is for uplink only; the data flows from the 9plus to the 11plus. The water sampler control
channel is duplex; data flows both ways, from the 9plus to the 11plus and from the

11plus to the 9plus.

The data channel operates at 8640 bits per second (8640 baud) and transmits from the
9plus as a Differential Phase Shift Keyed (DPSK) signal. Binary data is packaged into
standard 10-bit serial frames (8 data bits, 1 start bit, 1 stop bit, and no parity); it is
modulated to 34.5 kHz and a 0 bit is represented as 0 degree phase, a 1 bit as 180 degree
phase. The 11plus demodulates the telemetry and standard serial receivers (UART)

accept the serial frame.

The water sampler channel is a 300 bit per second (300 baud) Frequency Shift Keyed
(FSK) duplex channel, modulated to 1 kHz for the downlink and 2 kHz for the uplink.
This channel is meant for water sampler control and for communications with user
instrumentation. Water sampler control information has the 8" bit in a 7 bit ASCII
character set. Any data without the 8" bit set is assumed to be meant for a remote

instrument and is passed to the center bulkhead connector of the top end cap.
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SBE 9plus/11plus Data Telemetry

see
SBE 9plus / 11plus Data Channel

» Transmission rated for up to 10 km of
sea cable

» Each data scan is 30 bytes, transmitted a
24 times per second

» Each scan contains status bits d.
pump on, water sampler ch
detect, bottom contact,
closure occurred

The data transmission rate of the 9plus is constrained by the 24 Hz scan rate. Of the

30 bytes that make up a scan, 29 of them are transmitted in standard asynchronous
format, 1 start bit, 8 data bits, and 1 stop bit. The 30" byte is all zeros; it is not
transmitted. This lack of a data byte is used by the 11plus and the 17plus to synchronize
the data acquisition. Synchronization occurs with each data scan. As an option, the data
transmission speed can be doubled and serial data at 9600 baud from a remote instrument
can be time dimension multiplexed into the telemetry stream. This option requires a
hardware change; it finds use with some optical instrumentation that transmits data at
9600 baud. The disadvantage to deploying this option is the data transmission is not as
robust, and some lower quality sea cables will not allow transmission to occur over the

whole 10 km.
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SBE 9plus/11plus Water Sampler Telemetry

SBE SBE 9plus / 11plus

Water Sampler Channel

* Channel is 300 bps, 8 data bits, 1 stop;
water sampler commands are transmitte
with 8th bit set

 Other data is passed to connecto
end cap for use by instrume

» Successful bottle clos
sent back via SBE

All water sampler communications are carried out over the 300-baud FSK modem
channel. This is a separate, full-duplex communication channel that is frequency domain
multiplexed onto the single conductor sea cable. You have the option of commanding
water sampler closures with the buttons on the deck unit or via the computer keyboard. If

you want to use the computer, you must have two serial ports installed on your computer.
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SBE 9plus Frequency Acquisition

SBE
[CCCE S
SBE 9plus Frequency Counters

* 24-bit signal acquisition for T, C, and P

* Resolution in terms of degrees C / bit or
Siemens/meter/bit depend on the magni
of temperature or conductivity

+ Equations for determining resol
examples are included in th

Frequency counters require a reference frequency to count the sample frequency against. Consider that if
you want to measure frequency in Hertz (cycles/second), you need to know how long a second is. The
resolution of the type of counters employed in the 9p/us depends on the frequency of the sample, the scan
rate, and the frequency of the reference.

F
Resolution (Hz / Bit) = Scan Rate x (st
Where:

F; is the sensor frequency
F, is the CTD reference frequency (6,912,000Hz for C & T; 27,648,000 for P)

To find resolution in scientific units, we need to divide resolution by sensitivity (Hz/scientific unit).
Approximate values can be obtained from the sensor calibration sheet. Some examples follow. These are
for illustration only; your computer will use higher precision math and the appropriate calibration equations
for your sensors.

Temperature:
At -1°C, Fs = 2100 Hz, Sensitivity = 48 Hz/°C
Resolution = 0.00015°C per bit

At 31°C, Fs = 4000 Hz, Sensitivity = 76 Hz/°C
Resolution = 0.00018°C per bit

Conductivity:
At 1.4 Seimens/meter (S/m), Fs = 5000 Hz, Sensitivity = 1900 Hz/(S/m)
Resolution = 0.0000091 S/m per bit

At 5.8 S/m, Fs = 11000 Hz, Sensitivity = 960 Hz/(S/m)
Resolution = 0.0000398 S/m per bit

Pressure (10,000 psi range Digiquartz sensor, with a conversion factor of 1.46 psi/dbar):
At 0 dbar, Fs = 33994 Hz, Sensitivity = 0.614 Hz/dbar
Resolution = 0.041 dbar per bit

At 6800 dbar, Fs = 38,480 Hz, Sensitivity = 0.614 Hz/dbar
Resolution = 0.054 dbar per bit
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SBE 9plus Voltage Acquisition

sBE
SBE 9plus Voltage Channels

* 0 -5V signal input, 12-bit A/D
* Each bit=0.0012V

» Each of 8 channels has
filter on input, allo
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Modular Sensors, SBE and Others

SBE
SeececeT

Modular Sensors

Sea-Bird

Sea-Bird offers a variety of modular sensors of our own manufacture and also many from
other manufacturers. These sensors have various outputs: voltage, frequency, or serial
ASCII data. In addition to temperature and conductivity, dissolved oxygen and pH are

offered, as are oxidation potential, light, transmittance, fluorescence, and turbidity.
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SBE 9plus End Cap Connections

SBE
End Caps

Modem/ Bottom
SEARAM Sea Cable Contact Pump

Auxiliary. Input 1 Conductivity 1
Voltage

Input 4

Temperature 1
Auxiliary Conductivity 2
Voltage

Input 2
Rosette P Pr:isr‘:re

Top End Cap

The top end cap of the 9plus has bulkhead connectors for all auxiliary sensors. Auxiliary
sensors are those that are not temperature, conductivity, or pressure. Each auxiliary
bulkhead has inputs for two 0 — 5V differential input channels. In addition, there is a
2-pin connector for the sea cable and a 3-pin connector for a GO 1015 rosette sampler.
The center connector connects to the SBE 17plus (a memory module), a remote

instrument, or an SBE 32 Carousel Water Sampler.

The bottom end cap has connectors for pairs of temperature and conductivity sensors,
pump power, and a bottom contact switch. The bottom contact switch is mechanical, with
a weight that hangs below the instrument package. When the weight contacts the ocean

bottom, a bit is set in the data stream and an alarm in the SBE 11p/us deck unit sounds.
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Real-Time Options for Internally Recording Instruments

SBE Telemetering a Recorded
Computer Instrument: SBE 36 & PDIM
SBE 36
Deck Unit

conductor
sea cable

SBE 19,
19plus,
or 25
(internally
recording),
or 49

o

The SBE 36 and PDIM provide power and telemetry, but no water sampling capability.
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Water Sampling Equipment

seE
Water Sampling Equipment

» SBE 32 Carousel,
SBE 33 Carousel Deck Unit

As a companion to CTD profilers, Sea-Bird supplies water sampling equipment. Sea-Bird
manufactures the framework, mechanism for closing bottles, and deck power supply and
sampler control. The water sample bottles themselves are not manufactured by Sea-Bird.

The SBE 32 is the portion of the equipment that triggers the bottle closure.

The Carousel trigger mechanism is an electro-mechanical device. It operates by
energizing a solenoid magnet that pulls a mechanical trigger, releasing the nylon lanyards

that hold the top and bottom caps of the water sampler open.

For the SBE 9plus CTD, the 11plus Deck Unit provides real-time water sampler control.
The SBE 33 Deck Unit shown above provides real-time water sampler control for

internally recording CTDs (SBE 19, 19plus, or 25).
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Water Sampling Equipment (continued)

Sesoos Water Sampling Products
Control
Number of Bottle Size Self-
Caresdl Bottles (liters) ¢y Real-Time Contained
(auto bottle
firing)
12 1.7-30
24 1.7-12 SBE 9plus SsEkl 1[{]11%(.9 SBE\gplus
Consult eck Unit
36
SBE 32 factory
(standard) 12 1.7-30
24 1.7-12 SBE 19, 19plus, | SBE 33 Deck 90208 Auto
Consult or 25 Unit Fire Module
36
factory
SBE 9plus SBE llplys SBE 17plus
SBE 32C 1 178 Deck Unit V2
(compact) ' SBE 19, 19plus, | SBE 33 Deck Auto Fire
25 or 50 Unit Module
SBE 32SC 12 170r25 SBE 19, 19plus, | SBE 33 Deck Auto Fire
(sub-compact) ! i 250r 50 Unit Module
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Water Sampling in Real-Time for
Internally Recording Instruments

SBE
[CCOCT T
Telemetering and Water Sampling with a
Recorded Instrument: SBE 33

Computer

single
conductor
sea cable

\L‘—» SBE 19 SBE 32 Carousel with
19plus or’25 serial data integration option
@ (internal
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Water Sampling for Internally Recording Instruments

SBE
SeececeT

Water Sampling with Recorded
Instruments: AFM and SBE 17plus V2

* AFM = Auto Fire Module, closes
water sampler by interpreting data from
recorded instrument

— Closes sampler on time or pressur
or downcast

* SBE 17plus V2 is mem
for SBE 9plus with
— Closes sample

Internally recording instruments output a real-time, RS-232 serial data stream. This data
stream is suitable for real-time telemetry over short cables only. The data stream is used
by the AFM to monitor the depth of the sampling package for the purpose of closing

water samplers.
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Cabling for Water Sampling with the AFM

S8E AFM Cabling

Ship

Non-conducting
cable

SBE 32
Carousel

AFM

SBE19, 19plus, 25 <—»

(internal memory)
or SBE 50

WA

The AFM is programmed to close water samplers at the required depths, and then it is

armed. It receives pressure data from the CTD; when the closure parameter for a water
sample has been met, it actuates the Carousel and records a small amount of CTD data.
When the CTD is retrieved, the data in the CTD and AFM are uploaded to the computer.
The data in the AFM is used in post-processing to get a table of CTD parameters to go

with whatever is gleaned from the water samples.



26  Module I: Profiling Instruments

Battery Power and Internal Recording for the SBE 9plus

see
SBE 17plus V2

* SBE 17plus V2 provides memory
and power for SBE 9plus, has
16 Mb of nonvolatile memory,
supports conductivity advance
and suppression of channels

« Also features Carousel auto fire
capability

The SBE 17plus V2 acts as battery power and internally recording memory for the
SBE 9plus. This device has the capability to close water samplers as well. It only closes

bottles on the upcast.
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Autonomous Profiling

SBE Autonomous Instruments:
SBE 41 and 41¢cp

e Launched from
research vessels,
ships of opportunity,
and aircraft

 Profiles telemetered
via ARGOS satellite

The SBE 41 and 41cp are CTDs that are used with buoyancy engines. After deployment
they become negatively buoyant, sinking to ~1000 meters, resting for 10 days, and then
making themselves positively buoyant, collecting a profile as they rise through the ocean.
Once on the surface, they transmit their data via a satellite back to the scientist who
deployed them. Because they receive no handling after deployment and have minimal
time on the surface, they provide an excellent example of conductivity sensor drift in an

optimum environment.
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Activity

SBE Activity: Install Seasoft
and Course Data

* Insert the Training CD into your laptop

* Install Seasoft:
double click on Seasoft-Win32 date.exe
+ Install Seasave V7:
double click on SeasaveV7_0.exe

* Install Seasoft for Waves:
double click on SeasoftWaves Vnn
* Copy the “Data” folder to yo

— When you finish you shoul
your local disk (C:) in

o Seasoft-Win32_date.exe installs programs intended for use with CTDs: Seaterm and
SeatermAF (terminal programs), Seasave (real-time data acquisition program), and
SBE Data Processing (post-processing program).

e We are also installing another version of Seasave (real-time data acquisition program)
separately — SeasaveV7 is a Beta version of a major revision that has not yet been
incorporated in the suite installation. We will be using the Beta version in the course
instead of the version installed with Seasoft.

o Seasoft for Waves is intended for use with our wave and tide gauge products, which

we will talk about on the last day of the class.

Additional setup notes:

If the Explorer window does not show file extensions (.con, .dat, .hex, etc.) and/or if the
Explorer window does not show the full path in the address bar, we suggest you change
the settings to make your life easier for this course. Follow these directions (written for
Windows XP Professional) to change settings:
1. Select Start / Control Panel.
2. Select Folder Options.
3. Click the View tab.

A. Unclick Hide extensions for known file types.

B. Click Display the full path in the address bar.

C. Click Apply.

D. Click OK.
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Overview

@eesesse  User Interface for Internally
Recording Instruments and
Acquiring Data

* Seaterm

— User interface for internally recording
instruments

» Seasave
— Application for real-time

We are going to discuss Seaterm, the user interface or terminal program for internally
recording instruments. We will also discuss Seasave, an application that collects real-time
data and saves it to a file. By the end of this module you should be able to:
e Use Seaterm to prepare an internally recording instrument for deployment.
e Use Seaterm to transfer data stored in an internally recording instrument to
your computer.
e Setup Seasave to collect data in the manner that best suits your application.
e Use Seasave to manipulate your .con file as appropriate for your instrument and
auxiliary sensors.
e Use Seasave’s capability for making file header annotations.
e Use Seasave’s capability for marking points of interest in the real-time data and

saving marked data into a file.
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Seaterm: User Interface for Internally Recorded
Instruments

8BE Scaterm: UI for Internally

Recording Instruments

+ Seaterm provides the
means to:

— Set up an instrument for ‘e
deployment

~loix
lsix]

EELETEE

nnnnn e

— Transfer data from an
instrument to the
user’s computer

— Do data conversion for
SBE 37 and SBE 39 to
allow further processing -
with Seasoft

st [ v [ oone [ smann |

Below is a summary of the function of each of the buttons:

Connect: To begin communicating with your instrument, you must first establish communication by
clicking the Connect button. After Seaterm has received the S> prompt from the instrument, it will allow
you to use the other buttons.

Status: Sends the command to cause the instrument to transmit its current status.
Headers: Sends the command to cause the instrument to list the headers for each of the recorded casts.

Coefficients: For instruments that are capable of transmitting data in scientific units (e.g., temperature in
deg C), causes the instrument to list its calibration coefficients.

Init Log: Sets up the instrument for logging; memory is cleared and the instrument is put to sleep. Not
applicable to all instruments.

Capture: Causes Seaterm to write everything received from the remote instrument to a file; useful for
some real-time operations and for diagnostics.

Upload: Starts the protocol for transferring data between the instrument and your computer.
Convert: A conversion utility for the SBE 37 and 39; converted data can be processed with Seasoft.
Diagnostics: Starts a protocol for saving diagnostic information to a file that you can e-mail to Sea-Bird.

Stop: Sends 10 escape characters, causing the instrument to halt data transfers or continuous
measurements.

Disconnect: Causes Seaterm to release the serial port so you can run another program, such as Seasave,
without exiting Seaterm.

The status panel across the bottom shows which instrument Seaterm thinks it is connected to, the version of
the firmware that the instrument is running, the Com port that Seaterm is using, and the communication
parameters (baud, data bits, stop bits, parity). Also shown in the status panel are the data transfer protocol

and if the program is capturing communications to a file.
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Seaterm: Selecting an Instrument Configuration

SBE Selecting an Instrument:

the Configure Menu

COM Settings | UplosdSellings | Header Infumation

~ EPROM Version
‘ {233 [

COMM Porl. Baud Rate
¥ [a00 &

~DataBits ——

-~ Parity
‘ = el Ol |

Earsel | | Gavete | Dt |

Seaterm supports all of Sea-Bird’s internally recording instruments. To select which
instrument you will be communicating with, click the Configure menu and select the
appropriate instrument. The Configuration dialog box for the instrument you have chosen
will pop up. The first tab has choices for firmware revision; older firmware does not have
the capabilities that newer ones do, so some of your choices are limited by the firmware
revision of your instrument. Com port, baud rate, data bits, and parity are those
appropriate to your instrument. Mode selects communication mode: RS-232, RS-485, or
Inductive Modem. RS-232 is standard serial communications. RS-485 is 4-wire serial
communications, which allows instruments to be placed in parallel on the
communications cable and each instrument to be addressed uniquely. Inductive Modem is
a proprietary protocol that Sea-Bird has developed for use in moorings; it also supports
instruments deployed in parallel, with each instrument assigned a unique address.

If RS-485 or Inductive Modem is chosen, Seaterm will query the instrument for its

address or you may input one.
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Seaterm: Instrument Status

smBsssEg@ Instrument Status

3= SeaTerm Version 1.24 - [SeaT erm]
B Fils Configus ications  Utiities Data Wiew Help =&l x|

i H
Capture | Upload
s>ds

Corert_| i
SeacatPlus V 1.5 SERIAL NO. 4000 22 May 2005 14:02:13

vbatt = 9.6, vlith = 8.6, ioper = 61.2 ma, ipump = 25.5 ma, iext0l = 76.2 ma,
status = not logging

number of scans to average = 1

samples = 0, free = 381300, casts = 0

mode = profile, minimum cond freq = 3000, pump delay = 60 sec

autorun = no, ignore magnetic switch = no

battery type = ALKALINE, battery cutoff = 7.3 volts

pressure sensor = strain gauge, range = 1000.0

SBE 38 = no, Gas Tension Device = no

Ext Volt 0 = yes, Ext Volt 1 = no, Ext Volt 2 = no, Ext Volt 3 = no

echo commands = yes

output format = converted decimal

output salinity = no, output sound velocity = no
5>

i
()
i

SBE19plus Ver 7 COM 1 9600,3,1.n

The instrument status report contains much valuable information:

The instrument type, firmware revision, serial number, and date and time.

The main battery voltage and the back-up battery voltage. Operating current,
pump current, and current to external voltage sensors provide an indication of the
battery lifetime you can expect, as well as the health of the instrument in general.

The status entry indicates whether the instrument is logging data or not.
The number of scans to average sets the sample rate.

Memory: scans collected, number of scans that can fit in the remaining memory,
and the number of casts collected.

The SBE 19plus can operate in profiling mode or moored mode. In profiling
mode the instrument is powered continuously, while in moored mode the
instrument powers down between samples. The 19plus waits until the
conductivity sensor’s frequency rises, indicating that there is water in the cell, to
turn on the pump. The threshold for the pump turn-on is the minimum
conductivity frequency. In addition, there is a time delay from when that
frequency is reached to the pump turn-on to allow air to leave the plumbing.

If the 19plus is set to autorun=yes, it starts logging automatically when external
power is applied. If the 19plus is set to ignore its magnetic switch, it can only be
made to collect data via commands sent by the terminal program.

Battery type can be Alkaline, NiMH, or Ni-Cad. Battery type influences the cutoff
voltage, which is the power level that causes the instrument to shut itself off
because it does not have sufficient power to sample.

Pressure sensor type and range are entered at the factory.
Which auxiliary sensors are logged.

Whether to show entered commands on screen as you type.
Output data format.
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Activity

ssesecee A ctivity: Cable Your Computer to

an SBE 19plus
Serial

4 Pin
Connector

If you are using a USB to RS-232 converter, you’ll need to know what COM port your
computer has assigned to the connection. Follow these directions (written for
Windows XP Professional) to determine the COM port:
1. Select Start / Control Panel.
2. Select System.
3. Click the Hardware tab.

A. Click Device Manager.

B. Click Ports.

C. Write down what COM port designation has been assigned to the USB port.
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Activity

% Activity: Set Up SBE 19plus

* Run Seaterm
Select Configure / SBE 19plus

— Verify COM port matches connection to computer,
baud is 9600

¢ Click Connect button

* Type in the list of commands in your

— As you type commands, read the d
what you are doing

* Move magnetic switch to

and Collect Some Data

Click Start -> Programs -> Sea-Bird -> Seaterm

Select SBE 19plus from opening dialog

Select Configure -> SBE 19plus — verify COM port matches computer connection, baud=9600

Click the Connect button
COMMAND

MP
BATTERYTYPE=ALKALINE
VOLTO0=N

VOLT1=N

VOLT2=N

VOLT3=N

SBE38=N

GTD=N

PTYPE=1

NAVG=1
SAMPLENUMBER=0
IGNORESWITCH=N
OUTPUTFORMAT=2
TSR
MINCONDFREQ=CCCC
PUMPDELAY=40
OUTPUTFORMAT=0
DS

DESCRIPTION

Set instrument to profiling mode

Instrument has alkaline batteries

No auxiliary sensor 0 installed

No auxiliary sensor 1 installed

No auxiliary sensor 2 installed

No auxiliary sensor 3 installed

No auxiliary temperature sensor installed

No gas tension device installed

Strain gauge pressure sensor installed

Sample at 4 Hz

Resets memory

Enables magnetic switch

Raw data transmitted as decimal numbers

Request a scan of raw data, conductivity frequency is 2™
Set pump start frequency to dry cell conductivity frequency (from TSR) + 500
Set logging delay to allow time for air to leave the plumbing
Raw data transmitted as hexadecimal numbers

Verify setup with status command
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Stored Cast Headers

ggg Cast Headers

eal erm Version 1.24 - [SeaTerm]

File Configwe Communications Utilties Data View Help

Cannect InitLog | Captue Corve: | Diagnastics
5>dh
cast 1 13 Jun 2001 18:23:55 sawmples 1 to 339, avg = 6, stop = stop cmd
cast 2 13 Jun 2001 21:21:34 sawmples 340 to 677, avg = 8, stop = stop cud
cast 3 13 Jun 2001 23:29:20 samples 676 to 1015, avg = B8, stop = stop cmd
cast 4 14 Jun 2001 01:44:57 samples 1016 to 1353, avg = B8, stop = stop cmd
cast 5 14 Jun 2001 03:39:10 samples 1354 to 1691, avg = 5, stop = stop cmd
cast 6 14 Jun 2001 06:29:50 samples 1692 to 2029, avg = 8, stop = stop cmd
cast 7 14 Jun 2001 08:33:31 samples 2030 to 2367, avg = 8, stop = stop cmd
5 >

SBE19plus Ver ? COM 1 9600,8,1.n single cast Captuting v

The cast header lists the start date and time, number of scans, number of samples

averaged per scan, and reason the cast ended for each cast.
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Transferring Stored Data

SBE
(Ce U=
Transferring Data: Upload

o Proﬁllng lnStI'umentS SBE 19plus Configuration Options

B COM Seltings ] ettingsi | Header Infarmation
— by cast
i Cast range Upload Baud rate [o500 -
— All casts Upload data .

" All as & single file By scan number range
— Scan range € Alsepastedbycast & From asinge cast

€ By cast number range

— All scans

Cancel | SaveAsl Default | Help | 0K

Data from an internally recording instrument can be transferred to your computer in one
of five ways:

By cast: At the start of data transfer, Seaterm prompts for which cast you want.

By cast range: At the start of data transfer, Seaterm prompts for which cast range you
want. If header information is to be added to the file, Seaterm prompts for it before
uploading each cast.

All casts: Seaterm transfers all casts stored in the instrument, placing each cast in a
separate file identified by a 3-digit cast number which is appended to the uploaded file
name. If appropriate, Seaterm prompts for headers at the start of each cast transfer.

By scan range: At the start of data transfer, Seaterm prompts for which scan range you
want. This is useful for instances when data is not arranged in casts or when only part of
a cast is desired.

All scans: All scans in the instrument are transferred.

SBE 19s and SBE 25s can transfer data at a faster baud rate than they normally use to
communicate. This allows real-time data to be transmitted at a slow baud rate, but data
transfer to occur more quickly. When appropriate, the Upload Baud rate selection is

enabled.



10 Module 2: Setup and Acquiring Data

Data File Headers

g Header Information

SBE 19plus Configuration Dptions

» Prompt for header info
— A form with user

LCOM Getfings T Upload Settings THeadelInl

entered prompts Header Information,,———————————————
is presented ' Prampt for header irformatian
" Include default header form in the upload file
° Include default header € Dot include default header form in the upload fle
— Places the same header
entry in all data files

e Don’t include header

— No user header is
inserted in data files

Cancel | SavaAs| Defau\tl Help | 0K |

User headers may be placed in uploaded data files. The header is based on user entries
in a form with user prompts, or a default header where the same header is placed in
every data file. The prompts are entered from the Configure menu: click Configure,

Header Form.



Module 2: Setup and Acquiring Data

11

Data File Header Prompts

SBE
[Coe e

in the header form to

selected, the prompts
are the only thing

&, Edit Heas

* These entries are used = raminber oo

Prompt for
Promp for
prompt the user Prnp

Prompt for

» If default header is Preng

ampl for line 8 [

Prampt for
Fiompt o line 10: |

written to the file Pionptl e T |

Prompt for fine 12: |

Data File Header Prompts

der Prompts

line 2 [Diave's Cruise:

line:3: [Station

line4: [Latitude:

line 5 [Longitude
line B |

line 7 |

e |

Defaults | Cancel ak

These prompts are used in the header form to guide the user’s file annotation. Any
information pertinent to the use of the instrument may be included. If default header is

selected in the Configuration Options dialog box, these are the only entries that will be

added to the file’s header; the default entries should reflect more complete information.
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Activity

@ss&E Activity: Transfer Data From t
Profiler to Your Comp

¢ Run Seaterm
* Click Connect
 Click Upload

 Save the data in
— Save your
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Seaterm: Capturing ASCII Data

SBE
[C
Capturing Data

 Capture facility allows all
information coming from instrument
to be recorded to a file

* Screen display and file recordi
slow on some computers
dropped characters

The capture facility allows Seaterm to place all characters received into a file. This is
useful for testing instruments, performing diagnostics, or in some cases recording real-
time data. Note that there is no testing of data integrity and the act of displaying the
characters on the screen while they are being written to a file may cause some characters

to be lost.



14 Module 2: Setup and Acquiring Data

Seasave: Setup for Real-Time Data Acquisition

SBE .
Geessss® Profiling Setup and

Data Acquisition

» Set up Seasave for real-time
data acquisition

— SBE 9plus/11plus

— SBE 25

— SBE 19 and SBE 19p

Next, we are going to discuss Seasave, an application that collects real-time data and
saves it to a file. We will learn how to set up Seasave and what files are created in the

process of data collection.
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Seasave: Instrument Configuration

SBE
[CTCCel S
Real-Time Data — Seasave

* Instrument configuration
— What kind of instrument
— How many sensors
— What type of sensors

Without this information Seasave is not able to properly process the data stream that is
received from an instrument. This is the template for all communications and

data processing.
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Seasave: .con File

SBE Setup Parameters are Stored
in the .con File

 Configuration data is stored in a file
(for example, seasoft.con)

* In addition, calibration coefficie
stored in this file

* You may edit .con file di

Seasave or the data

(SBE Data Proce

in the course

We are beating this topic to death because one of the most common problems people
have is mistakes in the .con file. All of Sea-Bird’s profiling instruments produce a coded
data file. The information to decode this file is found in the .con file. The .con file allows

one application to service many instrument types.
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Seasave: Selecting a Configuration File

SBE
[C
Instrument Configuration

kkkkk

Rea

PPt | Moelseows | PwCons |
et Corigusin | Seiots | WoloSongke

Open Ceate Modity
J

91pl
911plus/917plus CTD
0

5-232C

0
RS
1

Ne
Ne
N
S

o
ensor

Click the Configure Inputs menu to get the Configure Inputs dialog box; the first tab is
the Instrument Configuration tab. From the Instrument Configuration tab, you can open

and examine an existing .con file, or create a new .con file.
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Seasave: Configuration File Contents

SBE
[C
Examining the .con File

Ix

oo [rezr =
Scans o average —

T Suface PAR voltage added [~ Scantime added
I NMEA, positon data added Caibtendas [Tty |
6 [4BaD4z830e003

H  [o7smo62s6e00d

! [ossnsarenns

4 [TEre2ete0me

Fo o [omooo

H T

[ T r—

Use AD

Cancel

The .con file contains information about your instrument configuration and the calibration coefficients for
your sensors. For example, you can suppress unused frequency channels; many 9plus CTDs only have one
temperature and one conductivity sensor. Suppressing 2 frequency channels allows you to collect data from
the 9plus without 2 frequency channels that will always be zero. Similarly, you can suppress unused
voltage channels in pairs (shown as voltage words). You must suppress pairs because of constraints

on the binary data format that comes from the 9p/us. For example, if you have 1 temperature sensor,

1 conductivity sensor, a fluorometer, and an SBE 43 dissolved oxygen sensor, you can suppress

2 frequency channels and 3 voltage words, saving 14 bytes per data scan.

The .con file also has a selection of computer interface, RS-232 or IEEE-488. If your computer is equipped
with an IEEE-488 board, you may select IEEE-488. The IEEE-488 communication protocol is faster than

the serial port and was more commonly used when computers were slower than those available today.

The 11plus can average incoming scans and present the result to your computer. This will also reduce the
file space needed to store your data. However, modern computers have large memories, and the loss of

resolution in your CTD data makes averaging any more than 2 scans unattractive for most applications.

You may plug a light meter into the 11p/us and include Surface PAR (photosynthetically active radiation)
in your data stream. This is useful for determining percent available PAR as your CTD equipped with a

PAR sensor descends into the darkness.

Time and position may be added to the data scans as well. The Scan time added check box causes Seasave
to append your computer system time to each scan and the NMEA position check box appends a Latitude

and Longitude from a GPS receiver that is transmitting NMEA message 0183.

Each data channel can then be assigned a sensor.
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Activity

SBE pr
e Activity: Set Up Seasave

* Open a new instrument configuration

— Click Configure Inputs menu

— On Instrument Configuration tab, click Cr

— Click 19plus Seacat CTD, and click
 Enter appropriate instrument p
* Enter your calibration coe

* Click Save as and sav:
C:\Data with file

Click Start -> Programs -> Sea-Bird -> SeasaveV7

Click menu item Configure Inputs ->
Create ->
19 Seacat plus CTD

OK

Select:
Strain gauge
0 external voltages
profile mode
1 scan to average

In the Sensor list, click on Temperature, click the Modify button.
In the dialog that pops up, type the calibration coefficients from the calibration sheet,
leave slope as 1.0 and offset as 0.0, click OK.

Click on Conductivity, click the Modify button.
In the dialog that pops up, type the calibration coefficients from the calibration sheet,
leave slope as 1.0 and offset as 0.0, click OK.

Click on Pressure, Strain Gauge, click the Modify button.
In the dialog that pops up, type the calibration coefficients from the calibration sheet,

leave offset as 0.0, click OK.

Important! Click Save A4s... and save your file as test.con in your C:\Data directory.
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Seasave: Default Display

SBE :
eecsecce  Default Display for Seasave
=lolx| Plot Display 1 = ;‘g‘ﬂl
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The slide above has all three data windows visible. The top left window is a fixed display

and the bottom left window is a scrolling display. The right window is a multi-axis plot.
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Seasave: Displaying Archived Data

File | Instiument Configuration | Header |

ceeeeees  Archived Data D

ialog

Data [Dator. Hex]fl:

Select Diata File

|C\Documents and Docurme

ntstT,

Demo\Demo.hex

Instrument Configuration [ CON] file [use Instument

t Canfiguraiion tab to meke changes)

|C\Decumerts and Docurme

ntsiT,

NEW-Dema:Demn.con

Murtber of scans to skip over at start

[ Readto end of file

Murnber of scans to read.

Data playback rate (seconds/scan):

Humber of scans to skip between computations:

T Enable cuiputs selected in Canfigue Dulputs

[1500

—
—
—

You have the option of skipping data scans at the beginning of the file; this allows you to

skip scans collected while the instrument was on deck and going into the water. There is

also the option to skip scans when displaying the data; for very long casts this allows you

to decimate the data. You can skip 1 or more seconds between scans displayed. You can

play back the data at the same rate it was acquired, or you can play it back really fast (set

Data playback rate to 0) to generate a plot quickly.

If desired, you can Enable outputs selected in Configure Outputs, such as outputs to a

serial port, TCP/IP port, shared file, or SBE 14 Remote Display. If enabled, the archived

data will be written to / sent to those devices / files as if real-time data was being

collected at the designated data playback rate. We’ll talk more about Configure Outputs

in a few minutes.
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Activity

SBE Activity: Display Your
[C
Bench Cast

¢ Run Seasave

+ Right click in each of the display windows

— Set the scrolled display for time, temperature, conductivi
note the digits after the decimal

— Set the fixed display the same

— Set the plot to values appropriate for your d:
there are suggestions in your notes

» Click Archived Data, Start
— Select your .hex data file: C:
— Select your .con confi

Click Configure Inputs ->
Click Open
Select the .con file you created (test.con) and click Open
Click OK

Right click on the scrolled display -> Modify
Click Delete All
With the first row in the table highlighted, double click Time, Elapsed -> seconds
With the second row in the table highlighted, double click Temperature -> ITS-90 -> deg C
With the third row in the table highlighted, double click Conductivity -> S/m
Set the Digits (right of decimal place) to 0 for time, 3 for temperature, and 3 for conductivity
Click OK

Right click on the fixed display -> Modify
Click Delete All
With the first row in the table highlighted, double click Time, Elapsed -> seconds
With the second row in the table highlighted, double click Temperature -> ITS-90 -> deg C
With the third row in the table highlighted, double click Conductivity -> S/m
Set the Digits (right of decimal place) to 0 for time, 3 for temperature, and 3 for conductivity
Click OK

Right click on the plot display -> Modify

Click the Plot Setup tab ->
Set Plot type to Single Y — Multiple X
Set Number of Axes to 3

Click the Y axis tab ->
Click Select Variable button, select Time, Elapsed -> seconds, click OK
Set the axis minimum to 0 and maximum to 600

Click the X-Axis 1 tab
Click Select Variable button, select Temperature -> ITS-90 -> deg C, click OK
Set the axis minimum to 20 and maximum to 25

Click the X-Axis 2 tab
Click Select Variable button, select Conductivity -> S/m, click OK
Set the axis minimum to -0.01 and maximum to 0.01

Click OK
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Seasave: Configuring Seasave

Configure Inputs
» Instrument configuration (.con file) — discussed already
Serial ports — can set up in Configure Inputs or Configure
‘Water sampler
TCP/IP ports — can set up in Configure Inputs or Co:
* Miscellaneous
*  Pump control (custom SBE 9plus only)

Configure Outputs
« Serial data output

Shared file output
*  Mark variable selection
* TCP/IP output
*  SBE ll1plus al
SBE 14 R«

We’ll talk about most of these briefly.

2&5 Things to Configure for
Real-Time Data Collection
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Seasave: Configuring Serial Ports

SBE
[Co

* Define up to 4 ports:

— Communicate with CTD
(required)

— Communicate with water
sampler and/or CTD for
pump control (custom
9plus only)

— Output data to serial port
— Output data to SBE 14
Remote Display
* Define in
Configure Inputs or
Configure Outputs

Serial Ports

CTD Serial Part
COM port

Baud ale 9700
Databits

U

Parity

\water Sampling and 911 Pump Control
Seril ot

sel
I
COM port IECT—— -
in Confi

Serial Data Output Seiel Port

COM port cows
Baud iate |
Databits e <

SBE 14 Remote Display Serial Part

ol
COM port [cama =

Report Help

0K Cancel

Entries for CTD Serial Port are always required. The other entries are ignored if the

applicable input or output is not enabled.

CTD Serial Port
For the SBE 11pl/us Deck Unit, this is the COM port connected to the SBE 11

Interface connector.
For the SBE 33 or 36 Deck Unit, this is the COM port connected to the Serial

Data connector

Water Sampler / 911 Pump Control Serial Port

connector.

Channel connector.

For the SBE 11pl/us Deck Unit, this is the COM port connected to the Modem

For the SBE 33 Deck Unit, this is the COM port connected to the Carousel Data

Serial Ports can be defined in Configure Inputs or in Configure Outputs — changes you

make in one dialog box are automatically shown in the other.
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Seasave: Configuring Water Sampling

SBE
[Co

* Bottle closure protocol
— Sequential
— Operator-prompted

Instrument Configuration |

* Water sampler

configuration
4 Type: SBE 32 Carousel, Waler sampler type:
Select the serial port for water sampler operat
GO 1015, GO 1016 ——
Firing sequence:

1 .
s\, dbreskokMy Docur

| Pump Control

Waer Sampler

nthe Serial Ports tab.

24
Sequential

I~ Enzble remote fiing (et foplement

tedyet]

Blotile Pasitions for Table Driven

AutoFire Fressures & Fosfions |

— List-driven

x|
1

Report Help

0K Cancel

Don’t forget to select the desired COM port for communication with the water sampler

on the Serial Ports tab!
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Seasave: Configuring TCP/IP Ports

Entries for ports for communication with Seasave’s data acquisition application are

always required.

Entries for all other ports are ignored if the applicable input or output is not enabled.

Note: The remote bottle firing client will be implemented in a future release of Seasave.

TCP/IP Ports can be defined in Configure Inputs or in Configure Outputs — changes you

SBE
[Co

* Connect hosts on
Internet and/or over
networks

— Communicate with data
acquisition software
(required)

— Communicate with water
sampler (later)

— Output data to TCP/IP
port

* Define in Configure
Inputs or Configure
Outputs

TCP/IP Ports

Water Sampler
Pump Conirol

[default 49163)
[default 49165)
[default 43164)

communication with S easave's data acquisiion applicatio.

45163
45165
45164

Nat appicable un
in Configure Inputs.

ote fiing'is selected on Water § ampler tab

(defaut 43167)
[defauit 43168)

g clent [not implemented ye).

a7
45168

Report

Help 0K

Cancel

runs simultaneously on the same computer.

make in one dialog box are automatically shown in the other.

Seasave is actually 2 applications — Seasave.exe automatically launches

SeasaveAcq.exe when data acquisition is commanded to start, and both programs
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Seasave: Defining Miscellaneous Parameters

SBE
[Co

* These parameters
are needed to
calculate specific
variables

 Entries are used
only if outputting
associated variable
to display window,
shared file, remote
device, TCP/IP port,
etc.

This tab
Nate: Val o

Miscellaneous

configures miscellaneous data for caleulations.
tered only affect indicated calculations.

Pump Contol

Depth, Density, and Average Sound Velocity

Latitude when NMEA. is

motavaiate [0

S oo o= =

Plume Anomaly
Theta B

Saliity8

ThetaZ / Salriy2

Fieference pressure [db]

—
—
—
o

Descent and Accelerali

Window size [s]

jon

—

Oygen
\indow size (5]

—

Potential Temperature Anomaly

A o

Al o

AT Muliplier [y

|

Sietto Diefaits

The Miscellaneous tab defines parameters required for output of specific variables. These

entries are used only if you are outputting the associated variable to a display window,

shared file, remote device, TCP/IP port, etc. For example, if you do not select Oxygen as

an output variable for a display window or on any tab in the Configure Outputs dialog

box, Seasave ignores the value entered here for Oxygen window size.
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Seasave: Configuring Serial Data Output

SBE ,
seceesee  Serial Data Output

Configure Dutputs - C:\Documents and SettingshdbreskokMy Doc x|

TCP/P Ports | SBE 11pius Alams | SBE 14 Remote Display | HeaderFaim | Diagnasties |

° Selected text data SeiclData Ot | SeralFots | ShaedFieOut |  MarkVarisbles | TCRAR Out

can be sent from
computer running
Seasave to another 4 .
computer l Temperature [IT5-90, deg C] 5 j
3 | Salinity [PSU] 5
4 | Pressue. Strain Gauge [db] 4
b
E
7
e =l
Report Help 0K Cancel

An ASCII stream of data can be sent out a spare serial port on your computer. The data

scan contains parameters that you have selected, displayed to the precision you have set.
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Seasave: Configuring Shared File Output

SBE Shared File Output

Configure Outputs - C:\Documents and Settingshdbresko\ i x|

» Selected text data
can be sent to a
file

TCPAP Ports | SBE TiplusAlams | SBE 14 Remote Display
Serial Data Ot | Gerial Parts SharedFie Ot | Mak Variables | TCPAPOul

J7 Dutput data to shared file

| HeaderFom | Diagnosties

File name

Select File

|co d Sett Documerts\

Secondsbetnesnupdates [og

£l Waiiable Name [unit] | Digis [+
1| Scan Count [

2 | Conductiviy [$/m] 7

3 | Atimeter [m] El

4

5

[

7

e =

An ASCII stream of data can be sent out to a shared file on a network. The data scan

contains parameters that you have selected, displayed to the precision you have set.
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Seasave: Configuring Mark Variables

SBE
©esess® Mark Variable Selection

Configure Gutputs - €:\Documents and Settings\dbreska\My Dacum

TCPAPPorts | SBE 11 | SBE 14 Remote Disy
SeialDataOut | SeialPons | Shared File Out

Variable Name [urit] | Digis |4
Scan Count o
Dey er, ] 4
Conductivity [S/m] 7
Salinity [PSL] 5

play | Header Forn | Disgnestics |
Mark Variables | TCR/IP Qut

» Mark variables are
placed onto real-time
plot when Mark Scan
is clicked

— Used to annotate plot
at points of interest

@[~ o| o e [o | =2

Select Varables
Mark Scan Contral x|
H Marks: 10

Mark Variables annotate a real-time plot with operator-chosen parameters. When Mark
Scan is clicked, a line is placed across the plot and the requested variables are written on
the line. A file is also created with a .mrk extension. This file contains a line for each

mark with the selected mark variables.
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Seasave: Configuring TCP/IP Output

Data (raw and/or converted data) can be sent out using the TCP/IP ports. For converted

SBE
[Co

» Selected text

data can be sent

from computer

running Seasave

to another
location on
network or
Internet

TCP/IP Output

Configure Dutputs - C:|

TCPAPPoits | SBE
Serial Dataliut |

Select the TCPAP ports on the TCRAP Paits tah.

m | Diagnostios |
TCPAP Ot

Raw data

[¥ Qutput raw data to socket using TCPAP

Converted data

[V Duitput converted data to socket using TCPAP
Seconds betwiesn corveted data updtes [o

| Yariable Name [urit]

Sean Count
Conduciiviy [5/m]

@~ [@ || o wa|ra ==

Select Variables

x|

Report Help

Cancel

data, the data scans contain parameters that you have selected, displayed to the precision

you have set.
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Seasave: Configuring SBE 11plus Alarms

SBE
seseeee SBE 1l1plus Alarms

figure Outputs - C:\Documents and Settings\dbresko\My x|

IDataOut | SeralPotts |  ShoedFleOut |  Mark Vaisbles | TCRAPOW |
| Diagrosties

o Alarm (1 1 p lus i | e e e
makes an ugly
noise!)

— Pressure --
minimum and/or
maximum

— Altimeter

— Bottom contact
switch (no setup
required)

The SBE 11plus Deck Unit has an alarm that can be set up to operate based on minimum

pressure, maximum pressure, data from an altimeter, and/or data from a bottom contact

switch.

The alarm sounds based on minimum pressure, providing a warning that the CTD
is nearing the surface.

The alarm sounds based on maximum pressure, providing a warning that the CTD
is deeper than desired.

The alarm sounds based on the output from an altimeter integrated with the 9plus
CTD, providing a warning that the CTD is nearing the bottom. This alarm
requires a set point (the height above the bottom where it sounds), a hysteresis
value (keeps it from going on...off...on...off...on... as the boat rocks), and a
minimum pressure to enable (to keep spurious data from setting off the alarm, like
when the instrument package goes into the water).

The alarm also sounds based on the output from a bottom contact switch
integrated with the 9plus CTD, providing a warning that the CTD is nearing the
bottom. No setup is required for the alarm to operate based on bottom contact

switch data.
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Seasave: Configuring SBE 14 Remote Display

SBE
SBE 14 Remote Display

Configure Outputs - C: nts and Settings dbreskoiMy | x|

eriol Data Out eialPots | SharedFileOut | Mark Vaiables | TCRAPOW |
TCPAPPorts | SBE Tphis blams  SBE 19Remote Displsy | HeaderFarm | Diagnastics

* Remote display
variables are

[ Send data to SBE 14 remete display

transmitted to an Seleot the serial port for SBE 14 Remote Display on the Seiial Forts tab,
d Remolz displey dataipe  [Doptn =
SBE 14in a Desrbs a3l
Seconds betwesn updstes [T

remote location

— alarm based on
pressure,
altimeter, and/or
bottom contact
SWitCh data Mini le alaim (decibars] IEE

[V Enable bottom contact switch alarm ‘

Report Help oK Cancel |

The SBE 14 remote display receives pressure, depth, and/or altimeter data and displays it
on a large, liquid-crystal display. The SBE 14 may be placed anywhere it is useful, for
example: in the winch dog house, in the wet lab, on the bridge, or in the chief scientist’s
stateroom to name just a few. The SBE 14 also has an audible alarm that may be
triggered by minimum pressure, maximum pressure, altimeter data, and/or bottom contact

switch data.

Setup of the alarm parameters is similar to that for an SBE 11plus with one exception. If

you want an alarm based on bottom contact switch data, you must enable it on this tab.
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Cabling a Remote Display

SBE
Remote Display Cabling and

Communication

CTD/ CTD Channel SBE 14
Deck Unit Remote Display

Water Sampler

Channel
(if applicable)

OR
1 CTD Channel
SBE 1 1p lus Water Sampler

Deck Channel
SBE 14
Remote Display

(if applicable)
The SBE 14 remote display can be cabled to your system in one of two ways:

Unit

e Connected to one of the com ports on your PC (applicable to use of the SBE 14
with any of our CTDs/Deck Units, including the SBE 11plus), or

e Connected directly to the SBE 11plus — If connected this way, setup of the

Remote Display is not done in Seasave; see the 11p/us manual.

Note that the deck unit requires either a com port or a GPIB port (GPIB port only
available for 11plus), and the water sampler requires a com port. If the remote display is

connected to the computer, it requires an additional com port.
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Seasave: Configuring Cast Headers

* Header form and
prompts

— Information that is
appended to
beginning of data
saved to file

— Operator may select
prompts appropriate
to his or her work

@%25 Cast Headers

Configure Outputs - C:\Documents and Settingshdbresko\My Docu |

SerialDataOut | SerialPoits | Shared File Dut
TCPAPPots | SBE 1phisAlams | SBE 14Femole Dispay  HeaderForm | Diagnastics

Mk Varisbles | TCPAP DU |

Fromet far fine # 01 |

Ship:

Prompt forine # 02 |

Criise:

Prompt forine # 03 [Siation

Prompt forine 8 04 [Catiuds

Promet for fine # 05 [Longtude

Promt fat fine # 06

Prompt for ine # 07 |

Frompt for fne # 08 [

Prompt forine 03 |

Frompt forfne #10 |

Prompt forine # 11 |

Frompt forfne #12 [

Report

Help

0K

Cancel

User headers allow the CTD operator to add annotation to the data file. This can take the

form of an operator filled out table or a set of default text. The header form may be

skipped altogether if desired.
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Seasave: Saving Your Setup

SBE
[C
Saving Your Setup

* Data collection parameters and displa
setup parameters may be saved in
with a name of your choosing
.psa extension

 Each display setup m:

in a file with a na

Setup files are handy for different instrument types or for pre-deployment instrument
checkout vs. deployment display. For example, you might use fixed display or scrolled

display for pre-deployment check out and then switch to a full screen plot for the cast.
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Seasave: Acquiring Real-Time Data

SBE Acquiring Real-Time Data

x|

Start Real-Time Data Acquisition

Data Archiving Options

¥ Store data aon disk

I~ Delay storing data to disk untl Start Archiving command is sent
Output data [HE] file

|E:\tesl1 hex

Select Output Data File Name

Configuration Options

Instrument configuration [.COM] file: (to change select Canfigure Inputs)

|E:\tesl.con

o | Eriniaiiee Dt

Timeout in seconds at startup 10

Timeout in seconds between scans [1

Report Help | Start | Eit | Cancel

Click the Real-Time Data menu to get the Start Real-Time Data Acquisition dialog box.

Acquiring real-time data requires the operator to select a .con file, and decide whether or
not to store data to a file and what the name of the file should be. Clicking Start
initializes the CTD/Deck Unit, sends operator choices regarding channel suppression and
averaging, and begins displaying data.

Note: Don’t forget to configure the Com port(s) in Configure Inputs or Configure
Outputs before you click Start!
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Seasave: File Types

SBE
JCT
What Files Does Seasave Create?

Data file, .iex (ASCII representation of binary)
» Header file, .hdr
+ Configuration file, .con

— instrument configuration for cast of matchin,
* Mark file, .mrk
Bottle file, .5/
» Navigation file, .nav

All these files have the s
file, with different ex.

If you select store on disk for a file name of MyFile, Seasave creates the following files:

e MyFile.hex has an ASCII (text) representation of binary data in hexadecimal
format plus the header in ASCII (text) at the beginning of the file.

AND
e  MpykFile.hdr has the header information only, in ASCII.
e MjyfFile.con has the instrument configuration and calibration coefficients.
e MpyFile.mrk has data scans with the chosen mark file variables.

e MpyFile.bl has scans that were collected when the bottle closure confirm was

received (if a water sampler is used).

e  MpyFile.nav has navigational information collected during the cast

Note: Older versions (<6.0) of Seasave created a binary data file (.dat) instead of a .hex
file during SBE 91 1plus data acquisition. MyFile.dat had binary data plus the header in
ASCII (text) at the beginning of the file. The rest of the output files were the same as the

current version of Seasave.
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Seasave: Header Files

SBE
[Co

* Lines beginning with:

Header Files: .hdr

— * have information from raw dat:
— ** have user header informati
— *END* flags end of he

* Sea-Bird SBE 9 Raw Data File:

* FileName = H:\tests\USERS\mikev\Tau Test 2.hex
* Software Version Seasave Win32 v%s

* Temperature SN = 4022
* Conductivity SN = 4022
* Number of Bytes Per Scan = 14

* Number of Voltage Words =0

* System UpLoad Time = Jun 11 2001 09:51:47
** Ship: RV TestBath
** Cruise: Tau test

** Station:

Bellevue WA

** 11 Jun 01 bath 0 Tau Test with 19plus #2

*END*
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Seasave: Mark Files

SBE
JCT
Mark Files: .mrk

» Contains 1 data scan for each time
Scan button is clicked (variables
Mark Variables tab of Confi

» Same file name as data

e:\hot-101\0008A001.MRK:
Scan Pressure
mark number 1, syst:
44617 102
mark number 2,
52033
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Seasave: Bottle Data Files

SBE
JCT
Bottle Data File: .bl

* Created when water sampling is enabled

 Contains bottle fire sequence number a
position, date and time, and beginni
ending scan number correspondi
1.5-second duration for eac

» Data written to .bl file e
in data stream is set
is received from

Whenever a bottle confirmation is received by Seasave from either the confirm status bit
or via the modem port, a line is written to the output file with a .bl extension. This
contains the bottle firing sequence number, bottle position, date, time, and beginning and
ending scan number for the fired bottle. It is used in data processing to build up a larger

file of data parameters collected while the water sampler was being closed.
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Using Internally Recording Instruments for
Real-Time Applications

SBE Recal-Time Data With Internally
Recording Instruments

* SBE 19, 19plus, or 25 may be used for real-time data;
casts are recorded in instrument memory as well as on a
computer by Seasave

* One method is to connect CTD directly to comput

— This is for 1600 m sea cables and low baud rates (60
— SBE 19 requires optional optical isolation for ¢
* Another method is to deploy CTD wit]

SBE 36 Deck Unit and PDIM
— This is for 10000 m sea cable

SBE 19s may be outfitted with high power cable drivers and optical isolation for
transmitting real-time data. The SBE 19plus and 25 come standard with this equipment.
With the addition of a Deck Unit and associated underwater equipment listed above, the

data telemetry is the same as discussed for the SBE 911plus.
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Instrument Preparation for Real-Time Data Collection

SBE  Instrument Preparation for

Real-Time Data Collectio

* Check memory, clear if necessary
* Check batteries, replace if nec

* Put instrument to sleep (

— SBE 19 and 25 do no
switch if they are
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Water Sampling with Internally Recording Instruments

ggg Real-Time Data For Internal
Recording With Water Sampling

» Water sampling requires SBE 33 Carousel
Deck Unit and interface option in SBE 3
Carousel Water Sampler

* Interface option in SBE 32 provi
at underwater package and t
to 9plus

» Allows data trans
sea cables

The SBE 19, 19plus, and 25 can be equipped with water sampling equipment. The

SBE 32 Carousel and SBE 33 Carousel Deck Unit provide power and telemetry for the
CTD very similar to the 11plus/9plus setup. In addition to water sampling, this equipment
allows data telemetry over 10 km of sea cable and supplies more than enough power for

the CTD and auxiliary sensors.
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Activity

BE 2
SBE Activity: Take a Bench Cast

« Cable SBE 19plus to your laptop
* Run Seasave
¢ Check the display
— Is it appropriate for the conditions of the “cast™?
« Click Configure Inputs
— Instrument Configuration: Open your test.con file
— Serial Ports: CTD Serial Port: COM port = C
Baud Rate = 9600, Data bits = 8, Parity =
Communication parameters for other p
— Water Sampler: Set Water sampler
* Click Configure Outputs
— Serial Data Out, Shared Fil
Click Real-Time Data, Si
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Overview

In this module we will cover the data processing basics, no fancy stuff. With this

information you can go from raw data file to something you can print or plot.

Basic Data Processing

* Conversion from raw sensor outputs t
scientific units

* Bin averaging to a manageab
* Plotting with Sea Plot
Batch processing |

When we finish this module you should be able to:

e Run Data Conversion and convert your raw data to scientific units.

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

e Run Sea Plot to display your work.

e Process large numbers of data files by making script files.
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Basic Data Processing: Example Data

[CCOCT e

Example Data Sets

0001a001.dat: 1999 Station 1 HOT data, down and up cast Miani. hex:

30.00 temperature, 175-30 [deg C]
T T T T [T

LT

Here are Seasave plots of some data collected on Hawaii Ocean Time-series cruise 101

and a cruise between Miami and Bimini on a RSMAS vessel.
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Activity: View the Example Data

BE A
28k Activity: Check out the

Example Data Set

¢ View the data with Seasave

Choose 9/11plus data

— C:\Data\Module3\Hawaii.dat

— Note: This data file has a .dat extension because it
created with an older version (<6.0) of Seasav

the current version always creates .hex file:
back archived .dat data.

« If you finish the first one, chec
— C:\Data\Module3\SBE19pl

* Look in your notes for i

Run Seasave

Set up the plot - right click on the plot and select Modify:
For the SBE 9/11plus data:
Y axis: Pressure 0 to 1200 decibars
X axis: Temperature 0 to 30 degrees C
X axis: Salinity 34 to 36 PSU
Click OK.

Click the menu Archived Data -> Start:
Click Select Data File:
Select C:\Data\Module3\Hawaii.dat and click Open.
Seasave asks if you want to change .con file to C:\Data\Module3\Hawaii.con,
click Yes.
Click Start.

Click the menu Archived Data -> No Wait

If you have time, plot SBE 19plus data:

Y axis: Pressure 0 to 350 decibars
X axis: Temperature 10 to 30 degrees C
X axis: Salinity 36 to 38 PSU

C:\Data\Module3\SBE19plus\Miami.hex
C:\Data\Module3\SBE 19plus\Miami.con
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Data Processing: Flow Chart

2RE OK, I’ve Got My Data,

Now What Do I Do?

Data Conversion Bin Average

Convert raw data, creating Average data into
.cnv file that can be used desired bins, based

by on pressure, depth,
Sea-Bird’s other data scan number, or
processing modules. time.

Converted data includes:

— Pressure, temperature,
and conductivity data

— Auxiliary sensor data
(light transmission,
pH, etc.)

Data processing involves operating on your raw data (which came from the sensors
attached to the instrument) to convert it from the sensor outputs to scientific units,
calculate any additional oceanographic parameters of interest, and reduce the data set to a
tractable size. It is always the best practice to archive your raw data, because there is no
going backwards once you have processed it. Should you discover calibration errors, omit
necessary parameters, or make processing errors, it is imperative to return to your raw

data set.

Sea-Bird’s data processing program, SBE Data Processing, includes a number of modules

for processing data; just three are listed above.
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Data Processing: Conversion to Scientific Units

SBE
s Data Conversion: Raw to MKS

* This step takes raw data and
makes conversion from sensor 2t
output to MKS units (meter- § Gz
kilogram-second) e

* Primary quantities (e.g.,
temperature, conductivity,
pressure) are calculated here U e

15, Section...

 Parametric quantities (e.g., e
salinity, density, depth in e
meters) may also be calculated
at this time

For the basics, we will concern ourselves with Data Conversion and Bin Averaging. Data

conversion is the first step.

Data Conversion takes your raw data (.dat or .hex) file and, with the information
contained in the .con file, converts it to scientific units. The form the converted data takes
is set up in the SBE Data Processing-Win32 Data Conversion dialog. In addition to
quantities like temperature and conductivity, parameters that are calculated from these,
such as salinity and density, are also available. If you plan to do more advanced
processing of your data, you should wait until the advanced processing is complete before

calculating parameters derived from the measured parameters.
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Data Conversion: File Specification

SBE
File Specification and Data Setup

—loix =0a = =loix|

FieSeup [ Dat Stup| Heade View

Prgean st e
[FmansR\SBE Uriverst Doty psa s

= = T Scanstoeess [
Oupifomat  [ascioumr =]

Convert datafiom

Create fe types

[oooraoor AT =] e .

Outut e
e GBE Uriverstp HOTT01 S151 Sokot
—— Solct OutputVaiabls
L

I Mer

Not processing

Start Process. Ext Cancel

The program setup (.psa) file contains information regarding how the program was set up the last time you
used it. This relieves you of the task of choosing the variables and other processing options. In addition, if
you have more than one preferred processing protocol, you can store them as separate .psa files. As always,
you must select the appropriate .con file for your instrument. You can select multiple files for processing; a

separate .cnv file will be created for each file that is processed.

You can process all or part of the data file and skip the beginning (during the time you were checking your
instrument before the cast). You can convert the whole cast or just the downcast. If you collected water
samples, you can generate a file containing some CTD scans that were collected while the water bottle was

being closed. The means of determining where these scans should come from are:

e  For the 9plus with a G.O. 1015 water sampler, the data stream is marked with a status bit when the
bottle closure occurs.

e For internally recording instruments with an AFM, the file uploaded from the AFM (an .afm file) can
be used.

e A .bsrfile can be made from a .mrk file (collected while running Seasave) with the Mark Scan module.

e Ifusing an SBE 32 Carousel, Seasave writes a .5/ file that contains the information required.

Once you have settled on the source of information for indicating bottle closure times, you have to select
the amount of data to be included in the file for each closure. Scan range offset is how far back Data
Conversion looks in your data stream in seconds and Scan range duration is how long it looks, again in
seconds. For example, an offset of -5 seconds and duration of 10 seconds means you will get 5 seconds of

data before the bottle closure and 5 seconds after the closure.
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Data Conversion: Output Variable Choices

SBE
sl Output Variables

Select Dutput Yariables E
Sen #f Variable Name [unit] =| [rgdg™] - Modulo Eror Count 2l shirkan
1| Depth[sah water m] Modulo Word

2 | Temperatie [TS-90. deg €] Lhange |~ Ospgen Cument, Beckman/YS] [ub)] Expand All

Owygen Cument, Beckman Y5, 2 [ua]

3 Salinity [PSL]
i — ] s o |
- Owygen Temperature, BeckmansYS| [deg C]
i Isat | fuygen Temperatur, Beckmand7S, 2[deg , _E2pand

] Oxygen, Beckman/Y'S1
7 M Oxygen, Beckman/vs1, 2
8 Potential Temperahue
g Potential Temperature, 2
10 Fotential Temperature Anomaly
7 Patential Temperature Anamaly, 2
Pressure Temperatue
= Pressure, Digiquartz
L Pump Stalus
4 - Salirity [PSU] .
T |22 | 4 | ;H

oK Cancel

The output variables dialog allows you to select a table of items that will be calculated

and the order in which they will be calculated.

Note that the list on the right reflects the information in the selected .con file — only data
measured by the sensors indicated in the .con file, and data that can be calculated from

those measurements, are available for output.
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Data Conversion: Cast Headers

SBE
[CTCECE ) .
Cast Header Viewer

21 211004
58 16,6680 W
23:45:32 1999, Julian day 10

Start Process

The header view can reassure you that you are working with the instrumentation you

think you are.
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Data Conversion: File Headers Revealed

SBE
SSastess What’s a Header?

» Header is placed at the beginning of each
data file

— Header for internally recorded data is written when the
data is uploaded from the instrument

— Header for real-time data is written before the data
is recorded

— These lines are preceded with an *

» Operator comments are added to the he
lines are preceded with an **

» Headers are updated each time d
is manipulated

— Update contains informatio
was manipulated

— These lines are prec

* Sea-Bird SBE 9 Raw Data File:

* FileName = H:\tests\USERS\mikev\Tau Test 2.hex
* Software Version Seasave Win32 v%s

* Temperature SN = 4022

* Conductivity SN = 4022

* Number of Bytes Per Scan = 14

* Number of Voltage Words = 0

* System UpLoad Time = Jun 11 2001 09:51:47
** Ship: RV TestBath

** Cruise: Tau test

** Station: Bellevue WA

** 11 Jun 01 bath 0 Tau Test with 19plus #2

# nquan =3

# nvalues = 2596

# units = specified

# name 0 = timeS: Time, Elapsed [seconds]

# name 1 = tv290C: Temperature [ITS-90, deg C]
# name 2 = flag: 0.000e+00

#span0=  0.000, 648.750

#span 1= 1.7905, 6.5876

# span 2 = 0.0000e+00, 0.0000e+00

# interval = seconds: 0.25

# start_time = Jun 11 2001 09:51:47

# bad_flag =-9.990e-29

# sensor 0 = Frequency 0 temperature

# sensor 1 = Frequency 1 conductivity, 4022, 25-Apr-01, cpcor = -9.5700e-08
# sensor 2 = Frequency 1 conductivity

# sensor 3 = Pressure Voltage

# datcnv_date = Jun 11 2001 10:39:01, 1.00

# datcnv_in = H:\SBE University\data\19p tau test\Tau Test 2.hex H:\SBE University\data\19p tau
test\4022.con

# datcnv_skipover =0

# file_type = ascii

*END*
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Data Conversion: Output File Format

SBE
[CCOCC T
Data Conversion Output, .cnv

# datenv_date = Jun 25 2001 10:21:54, 5.2

# datenv_in=HOT101\0001a001.dat HOT101\S1C1\0001

# datenv_skipover = 12000

# file type = ascii

*END*
10.115 24.7800 35.2446 0.000e+00
10.178 24.7799 35.2442 0.000e+
10.170 24.7798 35.2443 0.0
10.115 24.7799 35.2444

t t
P T
(db)  (°C)

* Sea-Bird SBE 9 Raw Data File:

* FileName = D:34-8 DAT

* Software Version 4.0.b.g

* Temperature SN = 1123

* Conductivity SN =915

* Pressure SN = 43440

* Number of Bytes Per Scan = 15

* System UpLoad Time = January 24, 1992 3:39:09 pm

* Ship:  R/V Poseidon

* Cruise: 189-1a

* Station: 34

*Cast: 8

* Latitude: 35 22.00' N

* Longitude:12 43.36' W

* Second set of CTD trials, station 34 cast 8, SBE Mk3 MkS5a MkS5b probably no FSI trial.
#nquan =5

# nvalues = 77205
# units = metric

# name 0 = depS: depth, salt water [m] Selected output variables /

# name 1 = t068: temperature, IPTS-68 [deg C] .
# name 2 = c0S/m: conductivity [$/m] headings for columns of data below

# name 3 = sal00: salinity, PSS-78 [PSU] (error flag column added automatically
# name 4 = flag: 0.000e+00 by Data Conversion)
#span 0 =1.519, 3555.084
#span 1 =2.4822,17.1124
# span 2 = 3.257845, 4.669567
# span 3 = 34.9097, 36.4804
# span 4 = 0.0000e+00, 0.0000e+00
# interval = seconds: 0.0416667
# start_time = Jan 24 1992 15:39:09
#bad flag =-9.990e-29
# sensor 0 = Frequency 0 temperature, 1123
# sensor 1 = Frequency 1 conductivity, 915, cpcor = -9.5700e-08
# sensor 2 = Frequency 2 pressure, 43440
# sensor 3 = Extrnl Volt 0 oxygen, current, 130259
# sensor 4 = Extrnl Volt 1 oxygen, temperature, 130259
# datcnv_date = Jun 22 2001 16:19:48, 4.249
# datenv_in = 34-8.DAT 34-8.CON
# datenv_skipover = 0
# file_type = ascii
*END*
1.636  16.9770 4.654863 36.4699 0.000e+00
1.691 16.9784 4.655062 36.4703 0.000e+00
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Data Conversion: Water Sampler Output File Format

SBE
hotrt

Data Conversion Output, .7os

1011.823  4.0297 34.5000 43234
1011.696 4.0297 34.5000 43235
1011.886 4.0297 34.5000 43236
1011.759  4.0299 34.5000 43237
1011.839 4.0303 34.4997
1011.759 34.4998

The data conversion process also writes a file with data collected while water bottles
were being closed. You choose the time window of data you want written to the file. For
example, you might select to have all scans collected starting 5 seconds before the bottle
closes and ending 5 seconds after the bottle closure written to the file. We will discuss the
use of this data in correction of CTD conductivity data in the advanced data processing

topics.
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Activity

SBE N
Stessess Activity: Convert the

Example Data Set

* Run SBEDataProcessing-Win32

— Click Start...Programs...Sea-Bird...
SBEDataProcessing-Win32

— Select number 1 - Data Conversion

— Instrument configuration file:
C:\Data\Module3\Hawaii.con

— Data file:
C:\Data\Module3\Hawaii.dat

— Convert pressure, temperature, and salini
 If you have time, do the same for:
— C:\Data\Module3\SBE19plus
— C:\Data\Module3\SBE19p

Click Start -> Programs -> Sea-Bird -> SBEDataProcessing-Win32
Click Run -> Data Conversion

Click Select for the Instrument configuration file, and select C:\Data\Module3\Hawaii.con
Click Select for Input files, and select C:\Data\Module3\Hawaii.dat

Click the Data Setup tab:
Process to the end of the file
Skip 0 scans
Select output format ascii
Convert data from upcast and downcast
Create .cnv file only

Click the Select Output Variables button
Click on the first Variable Name. Select Pressure, Digiquartz ->db. Click Add or Change
Click on the second Variable Name. Select Temperature -> ITS90 -> deg C. Click Add or Change
Click on the third Variable Name. Select Salinity. Click Add or Change
Click OK

Click the File Setup tab, and save Program setup file as C:\Data\Module3\HawaiiDatCnv.psa
Click Start Process
Open the .cnv file in Notepad or Wordpad and take a look at the header and data.

If you have time, repeat this for:
C:\Data\Module3\SBE19plus\Miami.con
C:\Data\Module3\SBE19plus\Miami.hex

Choose Pressure, Strain Gauge->db, Temperature -> ITS90 -> deg C, and Salinity

We thank the Hawaii Ocean Time Series program and the Rosenstiel School of Marine
and Atmospheric Science for sharing this data with us.
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Bin Averaging

seE
Bin Averaging

» Reduces size of a data set by statisticall
estimating data values at even inte
(e.g., every meter or 10 meters

* May work in depth (meter
pressure (decibars), ti

* The surface bin is

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
hotrt

* A linear estimate of variable Xi at bin pressure

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

Bin Averaging Protocol:
Pressure Interpolated

_ (Xc—Xp)*(Pi—Pp)
p (Pc - Pp)

Xi

+ Xp

First bin
Sum and average all
then interpolate t
variable at ce

Bin size=1

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.
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Bin Averaging: Processing Protocol

SBE '
> Bin Average Protocol:
Pressure, Not Interpolated

 Data within a bin is averaged by summin
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).
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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

&= 8in average o 1ol x| &= Bin Average . =10l x|

File Options ~ Help File Options ~Help

File Setup | Data Setup | HeaderView File Setup DataSetup | Header View |

\HOTION S101\B g pea

Open. Save | [ Saveds Restore.

Inputfils, 1 selected

00012001 crv. =] _Selest

Output directory

[FiAmanuals\SBE UniversiyAHOT10T S1cT Select,

Memeapeerd [
Output file 00013001 .crv

Start Process Ext Cancel

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.

In the advanced data processing portion of the course, we will discuss 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

[CCOCT e

# binavg_bintype = meters

# binavg_binsize = 1

# binavg_excl bad scans = yes

# binavg_skipover = 0

# binavg_surface bin = no, min =0
=2.500

# file_type = ascii

*END*

1.000 24.9124

Bin Average: Output Data

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

Bin depth

Temperature (°C)
Salinity (PSU)

Error flag

Number of scans per bin
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Activity

SBE Activity: Bin Average the

Example Data

+ Use the data you converted:
C:\Data\Module3\Hawaii.cnv
* 5 decibar pressure bins
¢ Include surface bin
— Minimum value 0
— Maximum value 5
— Surface bin value 2.5
* Name append B

If you have time, do
C:\Data\Module3

Click Start -> Programs -> Sea-Bird -> SBEDataProcessing-Win32
Click Run -> Bin Average

Click Select for Input files, and select C:\Data\Module3\Hawaii.cnv
Enter Name append of B

Output file should be Hawaii.cnv

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

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

If you have time, repeat this for C:\Data\Module3\SBE19plus\Miami.cnv, using
1 decibar bins.
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Sea Plot: Data Display

SBE
[COUCS

converted data (.cnv)

single Y axis
You may plot 1 — 4 pa

Sea Plot

* Sea Plot is an application that will plot

* You may plot 1 — 4 parameters
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Sea Plot: Displaying Converted Data

SBE
Displaying Converted Data:
Sea Plot

B 5ea Plot. ] 253 5ea Plot (o] x|
File Options Help File Options Help

Fil Setup | PiotSetup | ¥ Ais | i 1| X Avs 2] 3 Avis 3| X v 4| Header Viow | File e PlotSet | Avis | Xvis 1| Xvis 2| Xis 3| X s 4| HoaderView |

Program setup fle Plotiyoe [Singe - Multple X =] | OvetaySetun 75 Plot Setup,

[H-\manuels\SBE Universiy\HOT101 S1cT\SeaPlotpsa

== = e L T T
Tt Color.. | [l] ¥ Addfie name totite

Input directory

[FemanuaSBE Uriver HOTGT S1e7 Forttpe [ <] [AaBbCoDAEeF 012345

Input e, 1 selected Fortsi

[sna =]
08107 cr =] sekat. |

OUpUlo [Prmer <] Oientaion [Condicape ] ¥ Pintiulpage

Units [ o] Widh [ Hesht [

Sidines o]

Output directory Lo 1 D ' D
[H:\manuals\SBE Universty\HOT101 S1c1 Select, Symbolsze [ =] Symboleauency [7 =]
Nemeappend [— i I u

Ouputfie  foooreor I Makdatapois [ Showplotshadow [ Black textaves
Nt processng ‘ Auorargepaddng [5 =] | Posess Opbos.

The file setup dialog includes an entry for the program setup file or .psa. This
allows you to store your plot setup for reuse. Output directory settings are included

for batch processing.

Plot Setup allows you to choose the plot type (single Y, multiple X or single X,
multiple Y), fonts, titles, and color schemes. Symbols are also specified here; if you are
plotting to a black and white printer, symbols are very useful. The auto range padding
entry sets the amount beyond the range of the data that the minimum and maximum axis

values extend.
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Sea Plot: X and Y-Axis Specification

SBE
[COUCS

Displaying Converted Data: Sea Plot

E =1 5= Sea Plot
e Qptions  Help.

-[o[x]
Fle Opions Help

Fio Setup | PlotSetup Y Awis | X uds 1 | X fuis 2| % Avis 3| X Avis 4| Header View | Filo Setup | Plot Setun | ¥ Asis X Awis 1 | Avis 2| X Avis 3| % Avis | Header View |

Vaiable AT I - Vaite [Temperare 17590, degC]

Variae range s fiom 0133000 t 36.591000.

Vet range s on 626400 0 9556800
¥ Lobel s i vl e ¥ bel i i v e
L o E—

L E—
Linetype [Thin Solid Linetpe [Thin Solid
e oo | [l tresmbol e P T r—
Scaletype: @ Linew Log Scaletype: & Linear © Log

¥ #uto range Misium. [ Maimm [T I™ Autorange Minimum 5 (U r—
W auodvsens  Mao [T Mo [ W Auso dvisons Mo [T Vi [

7 Reverse scdlechecion T Reverse scde diection

s ==

The axis setup tabs allow selection of variable, line type, and color. Plot range and scale
direction are also specified here.

Note that the list of variables reflects the information in the selected .cnv file — only
variables in the .cnv file are available for plotting, with the following exception. Sea Plot
can calculate and plot salinity and/or density on the fly, if conductivity, temperature, and
pressure data are in the .cnv file. This allows you to skip running the Derive module if

you want a quick look at salinity and density before performing other processing steps.



24 Module 3: Basic Data Processing

Sea Plot: The Plot

SBE Displaying Converted Data:

Sea Plot

Plot of Important Data, 687_7.cnv
Beam Attenuation, Chelsea/Seatech/wetlal CStar [1/m)
9 20 2.1 22

Salinity [PSU]
2530

eam
F T S Attenuati
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Sea Plot: Plotting Multiple Files, Overlay Plots

SBE
[COUCS

EEIT
Ele Options  Help

Fie Sotup PIotSeup | v auis | i 1 | A 2| % v 3| vt 4| Header View|
Puto [sroer it ] |

we

Title Color . ™ Add file name to tile: Agis 1 offset ,—025

L —
Fonttype: [l | |AaBbCcl
TPBICE s
Fortsze [Coge x|
2 L —
Gidines [fone ]
Hene Line Colors
Gidsbie [Trinsoaine -] I Gidinfrork
Liire ybols

Iside Background Color. | [ ] _Oubside Background Cc e

Symbolsies [ <)

I~ Monachiome plot I Plot symbols oy I~ Sho

Plotting Multiple Files: Overlay plots

Symbol facuency [ =
Help Cancel

* A parameter (e.g.,

4 temperature) may be
plotted from multiple
files, each trace is
given an offset

I Mark data poirts

Auto range paddng 2[5 =]

I~ Show plot shadow ™ Black text aves

Process Optians.

Start Process Ext Cancel

You can plot up to 4 parameters from multiple files by selecting the overlay plot type. To

use this option you must specify the files in the order (left to right) you want them to

appear. You must also enter an offset amount; this is amount of space between traces. For

example, you might want to space temperature traces from casts taken at hour intervals at

the same location by 0.2 degrees. You can also select the colors that each file will be

plotted in. There is a color wheel that will allow selection of a graded set of line colors

that is available by double clicking the axis identifier.
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Sea Plot: Plotting Multiple Files

SBE
Sea Plot: Overlay Plot

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

ressure, Strain Gauge [db]

RN RN RN R AR RN R AR RN AR AR NN NRRRRRRA R AN

\}\I\\}\I\I}HH}I\I\}HI\}HHIHHIH\I}H\ :
3616 3620 3625 3630 3635 3640 3645 3650 3655 3660

Derived Salinity [PSU
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Sea Plot: TS Plots

SBE
Sea Plot: TS Plots

I

Fie Options Help
File Setup Pt Setp | Temperature | Salinky | Headerview|
Plottype [75 plor J (R TS Plot Setup.

Tite |

Tite Color. | Jl] T Add e name ta e

Cortour variable

) ensit /m” 3]
Fantpe [agi =1 [aBDCCDOEEFF012345  swingeontouvabe [T
Fortste [smal <] Contout nterval I
Grdines [None =] B
Grid styl ™ Giid in frart ©
idsyle [Tinsoatne <] iid i fart
ol e Label position % 5
Inside Bockground Color._ | [ | _Ouitside Background Colo.. | [ Label size (1 -10) I
Cantaut e type: -
Synbolsie [Tl <] Symbolfequensy [ = o T
o oo | [l
™ Menochiomeplast T Plot spmbols aniy I~ Show line legends

I~ Mark data points I Show plot shadow

Autoangepaddng % [

I~ Black text axes

Start Process

Temperature versus salinity plots are useful for discerning water masses. It is helpful if
contours of constant density are placed on the plot as well. Sea Plot’s TS plotting format
allows you to do this. The file and axis menus above are as expected for Sea Plot. In

addition you may define the density contours that are most useful for your application.



28  Module 3: Basic Data Processing

Sea Plot: TS Plots (continued)

SBE
Sea Plot: TS Plots, Continued

Temperature vs Salinity

25+
]

20 4on

= E

= 15-E0

= E

= F

e C

£ 100

@ E

E =

= C

I /

g C

£ C

= [ =roo 28.00
D_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

3380 3375 3400 3425 3450 3475 3500 3525 3550
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Activity

Activity: Plot your Data

» Use Sea Plot to plot your converted files
First do C:\Data\Module3\Hawaii.cnv
Then do C:\Data\Module3\Hawaii

If you processed the Miami

Click Start -> Programs -> Sea-Bird -> SBEDataProcessing-Win32
Click Run -> Sea Plot
Click Select for Input files, and select C:\Data\Module3\Hawaii.cnv

Click the Plot Setup tab
Choose a Plot type of Single Y - Multiple X
Click the Y Axis tab
For Variable, choose Pressure, Digiquartz [db]
Check Auto range

Click the X Axis 1 tab
For Variable, choose Temperature
Uncheck Auto range
Enter a minimum of 0, a maximum of 30

Click the X Axis 2 tab
Check Include axis
For Variable, choose Salinity
Uncheck Auto range
Enter a minimum of 34, a maximum of 36

Click Start Process
Repeat for C:\Data\Module3\HawaiiB.cnv

Repeat for Miami data
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Data Processing of Large Numbers of Files

SBE
[CEUST S .
Batch Processing

 Batch processing frees you from processing
each cast individually
* Batch processing is done from a command
line prompt
— Win2000/XP run “command” from St
dialog gives you an MSDOS wind:
— Win95/98 use an MSDOS wi
— Run SBEBatch directly fr

» Format for sbebatch i
— sbebatch filen:

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 :
- 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 runs
listed in a text file that you make with a te
like Notepad
— A list of applications are shown in y

» SBEBatch reads each line of
each application in turn

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 Wtilter
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Data Processing of Large Numbers of Files (continued)

SBE .
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 /iC:\MyData.dat /cC:\MyCTD.con
- Input file is C:\MyData.dat, designated by /i
- Configuration file is C:\MyCTD.con, designate;
- This will cause Data Conversion to use last
substituting .dat and .con file from batch
specified in .psa file, and create MyDa

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) 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:
/xdatenv: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
[COUCS

Batch Processing Script

* To process all the files in a folder use a
wildcard: the ‘*’ character

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

datcnv /iC:\Data\*.da
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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 MyBat:
and run the applications a line a

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
[COUCS

Batch Processing Script

* Remember that the format for running SBEbatch i
sbebatch filename parameters

* You can operate on files in different fo

same batch file by using command li

 These are entered after the bat

denoted by the ‘%’ charac

— The first command lin
the second is %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 /i%]1\*.dat /c%1\MyCTD.con
Executed with this command line

SBEBatch C:\MyBatch.txt C:\Data
(C:\Data is the %1 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 line i
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
datcnv /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\Leg1 (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

[COUCS

Activity

files in C:\Data\Module3\Batch
— Puget00.hex, Puget01.hex, etc.

* Run Data Conversion
— Calculate pressure, temperature, and s
— Downcast only

* Run Bin Average
— Calculate 1 meter bins
— Downcast only
— Name append

. Prepare Data Conversion and Bin Average to operate in batch mode:
Process Puget00.hex with Data Conversion, using Puget.con
Save the .psa file as C:\Data\Module3\Batch\DatCnv.psa

Process Puget00.cnv with Bin Average

mo oo os

Delete the .cnv files that resulted

» Write a batch processing script to process the

Save the .psa file as C:\Data\Module3\Batch\BinAvg.psa
Check to see that you were successful with Notepad

. Use Notepad to write your batch file, using a %1 parameter for the file locations

Save your batch file as C:\Data\Module3\Batch\MyBatch.txt

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

. Run your batch file with the command line:

Sbebatch C:\Data\Module3\Batch\MyBatch.txt C:\Data\Module3\Batch

Check to see that you were successful with Notepad
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Overview

ggmg Water Samplers, Water Sampling with

Internal Recording, Cabling,
and Deployment

» Water Samplers
— Care and feeding
* SeatermAF

— User interface for internally recording ins
firing water samplers with an auto-fire devi

* Setting up Auto-Fire

+ Extracting CTD data correspo
sampler closures

+ Cabling for deploymen

* Deployment issues

We are going to discuss the workings of water samplers and techniques for collecting
water samples with internally recording instruments. SeatermAF, the user interface for
water sampling with an auto-fire device, will be presented. We will also cover
deployment issues, cabling, and preparation of the instrument package to go over the side

of the ship.
When we finish this module you should be able to:
e Maintain your Carousel water sampler.
e Use SeatermAF to set up your auto-fire device.
e C(Create data summary tables that correspond to water samples.
e Cable your instrument from your computer room to the instrument on deck.
e Maintain your underwater connectors.
e Plumb your sensors properly.

e Prepare your instrument to make measurements in the ocean.
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Water Sampling Components

SBE
Water Sampling Equipment

* SBE 32 Carousel

Here are pictures of water sampling equipment.

The water sampling package consists of:

water sample bottles with their lanyards
trigger mechanism
upper and lower pylons that hold the bottle on the frame

upper and lower frame that protects the package from collision with the side of

the ship

The Carousel trigger mechanism is an electro-mechanical device. It operates by

energizing a solenoid magnet that pulls a mechanical trigger, releasing the nylon lanyards

that hold the top and bottom caps of the water sampler open.
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Carousel Maintenance

SBE S

. (C
Carousel Maintenancetss

‘> s

* Wash with fresh water
after each use;
Tiodized trigger
surface is water
lubricated

e Qil will gum triggers
* Replace worn lanyards

The trigger mechanism of the Carousel is made of titanium. The titanium pieces are
coated with Tiodizing; this product is similar to anodizing aluminum. The Tiodized
surface is water lubricating and should never be oiled with petroleum or silicon-based
products. Rinse your trigger mechanism with fresh water after each cast and clean it

periodically with soap and water.

Lanyards are made of nylon, 0.080-inch diameter, line-trimmer cord. They are crimped
with copper nico-press sleeves. The line trimmer cord is available at most home and
garden stores. The nico-press sleeves are available from Sea-Bird or most industrial

supply stores.
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Autonomous Water Sampling with
Internally Recording Instruments

SBE
[CTCCEC) g d
Autonomous Water Sampling with
Internally Recording Instruments

e AFM - Auto Fire Module

— Receives pressure information from SBE 19,
SBE 19plus, SBE 25, or SBE 50

» SBE 17plus Version 2
— Receives pressure information from SBE 9pli

— Also provides battery power and internal dz
recording (16 Mbyte of memory) for SB

+ Both receive closure protocol fi
via SeatermAF

Sea-Bird offers two products for closing water sampler bottles remotely. The AFM and

the SBE 17plus V2 SEARAM both receive pressures from the CTD and are programmed

to close bottles on operator-chosen criteria.

The AFM is compatible with several CTDs, and closes bottles on downcast
(descending), upcast (ascending), when the instrument package is stationary, or
on elapsed time. For all options except elapsed time without CTD, the AFM must
receive data from the CTD. If using the elapsed time option, you may record CTD
data in the AFM each time a bottle is closed or you may use the AFM by itself,
without a CTD.

The SBE 17plus is much more straightforward to use, because there are fewer
options. It only closes bottles on the upcast, and is only used with one type of

CTD, the SBE 9plus.
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Setting up Water Sampling Equipment with SeatermAF

SBE . ,
e Setting Up Water Sampling

Equipment: SeatermAF

BEE

Uiiios Oala View Heb

52 Seatena Vorion 1
ol G i

P
B | B | | = |
comedcrolcuredion] s | oot | 1

Zlelx]
RILLTE A EEE] |
Ik Log Caplure. Upload. Rk i Diag Step_ Discon

SeatermAF is a superset of Seaterm; it includes a simple interface for entering bottle
closure parameters, and transfers that information to the auto-fire equipment. It is also
used to set up the SBE 19, 19plus, 25, or 50 for operation, and to upload data from the
auto-fire equipment (AFM or SBE 17plus V2).
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SeatermAF: Setting Up CTD Communications

[CCCTT S
Setting Up CTD C icati
| AFM with SBE13 Confi tion Options [<]
l:mT STl Gaie. | AFW Bt Ciorre! | ) Bl opme ) | AFM Copmmiesian
Communications | 111 Lo Logc Presstaes/Tines Seltings
COMM Part
| © Vesonkssthan30 @ Version 30 orgreeter ‘ G|
rUpbsddats, —————————————————— %
Uplaad Batid rats [13200 v] DataBits—
C Alasasigells " Bysainunber angs g
O Blseparatedbyeast (5 From a sindle cast g
By cast number range:
Fopl & Even
& Prompk for heatle ifoimation £ Odd
1 Includa dafault heade fom  the upled fis © None
Dot indude defaut headst form i the upload fle
Eancel Defaut Help: Sweds | | 0K

The CTD communications form allows you to select the communications parameters for
your instrument as well as data transfer protocol and header options. As before,

instruments with older firmware revisions are not able to change baud rate during data

transfers. This form is an abbreviated version of the configuration form found in Seaterm.
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SeatermAF: Setting up the Sampling Protocol

Bottle Cl Logi
AFM with SBE19 Configuration Options B x|
SEE17pls Eotle | AFM Bottle Boitle Closure | AFM Communication
CTD Communications| = pq 2 | ogic Closure Logic | Pressures/Times Settings
Pressure sensor 73499
13212\ SBE 191226592851 CON |
A= -26EM0eO0T A1= 5289699004 AZ= 0000000000
€ Close
Realtine baud rate &
<] € Close :
€ Close e, record CTD data
 Close on elapsed time, do not record CTD deta
Stafionay fogle—————————————————
Upsast / D L
Time to hold in Fressure window (mink |70 Pt meastHag
[ T o [~ Botiom botle closure enabled
Min change betwesn botlesiab) [T izl bl e 500
Enable pressus for fist botte (db) 00 |10
Stationary ime on Bottem, (1 - 12 min 5
Bottom Pressure Window, (1 - 2566k [ 10|
B Defaut | Hep | Save As oK

The bottle closure logic tab contains almost all the information that the AFM or

SBE 17plus V2 need to close water sample bottles based on the closure protocol

you select.

With the AFM, you have the choice of closing bottles during downcast, during

[ ]
upcast, when the instrument package is stationary, or on time elapsed since the

AFM was armed.
With the SBE 17plus V2, you can close bottles on the upcast only. The closure logic for

the 17plus V2 follows.
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SeatermAF: Setting up the Sampling Protocol
(continued)

[COUTe T

Bottle Closure Logic

» Downcast/Upcast Logic (downcast not
applicable to SBE 17plus V2)

Surface

Enable Upcast P Cha

stays within Window for Bottom Stationary upcast if Enable U

Time after Enable Upcast P reached

Bottom P Window — close bottom bottle if P :[: 1

The AFM and SBE 17plus V2 can both collect water samples during the upcast (as the
instrument package is rising). Click bottom bottle closure enabled to take a sample at the
deepest part of the cast. To collect a bottom bottle, you must specify a pressure to enable
the bottom bottle, a length of time you will hold the instrument package stationary on the
bottom, and the pressure window within which the instrument package will be considered
stationary. In addition, you must specify pressure change to enable upcast. This

parameter ensures that bottles are closed if the enabling pressure is not reached.

The AFM can also collect water samples during the downcast (as the instrument package
is falling); parameters similar to those required for collecting on the upcast define the
closure logic. Click bottom bottle closure enabled to take a sample at the deepest part of
the cast. To collect a bottom bottle, you must specify a pressure to enable the bottom
bottle, a length of time you will hold the instrument package stationary on the bottom,
and the pressure window within which the instrument package will be considered

stationary.
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SeatermAF: Setting up the Sampling Protocol
(continued)

[COUTe T

Bottle Closure Logic

+ Stationary logic (AFM only)
— Once CTD has reached Enable pressure for
first bottle, bottle closes each time P remai
within Pressure window size for Time
Pressure window.

* Elapsed time (AFM only)

With an AFM, samples can be collected when the instrument package is held stationary.
The stationary logic dictates what constitutes stationary: how long to hold the package
still and how large the pressure window is. You must set the pressure window size to
allow for the rocking of the ship and set the time that you will hold the instrument in that
window. You must also set an enable pressure; the package must go below this depth
before the AFM will close any bottles. Also, you must specify the minimum pressure

change between bottles to avoid multiple closures at essentially the same location.

With an AFM, samples can be collected on elapsed time. The AFM has an internal clock

and closes water bottles on time from when it was given the Arm command.
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SeatermAF: Setting up the Sampling Protocol
(continued)

2RE Auto-Fire Setup

« AFM
— With SBE 19 or 25: AFM converts user-input
closure parameters in decibars to raw pressure
numbers using .con file coefficients, CTD transmits
raw pressure data to AFM
— With SBE 19plus or 50: Instrument transmits d
in decibars to AFM

* SBE 17plus Version 2

— SBE 9plus transmits raw pressure
SBE 17plus V2 converts raw p
decibars, using .con file co

You might remember that there was an entry for the configuration (.con) file on the

Bottle Closure Logic tab.

e For the SBE 19 and SBE 25, the instrument configuration (.con) file (which
includes pressure calibration coefficients) is required because the AFM receives
raw data from the CTD. Rather than require the AFM to process the CTD
pressure data, SeatermAF calculates what the raw pressure sensor output would
be for the user-input closure pressures; these raw numbers are used by the AFM to

determine when to close a bottle.

e The SBE 19pl/us and the SBE 50 send pressure in decibars to the AFM, so a

configuration file is not required.

e For the SBE 9plus, the instrument configuration (.con) file (which includes
pressure calibration coefficients) is required because the SBE 17plus V2 receives
raw data from the CTD. The SBE 17plus V2 calculates pressures in decibars as
data is received from the 9plus, and compares these pressures to the user-input

closure pressures to determine when to close a bottle.
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SeatermAF: Setting up the Sampling Protocol
(continued)

SBE
Bottle Closure Pressures or Times

|AFM with SBE13 Configuration Options

* SBE 17plus and
AFM close bottles
On pressure Number of Bottles to Close m

Uoltic | AFM Bottle Closwe | Bottle Closure | AFM Cammunicat tion
age Logic Pressure: s/Times: Settings.

* AFM will close G R G e
bottles on elapsed BEEE
time in minutes

from when the AFM

is armed

(=

Once you have defined the governing bottle closure logic — on upcast, on downcast, when
stationary, or on elapsed time — you need to enter the number of bottles to close and

which bottle to close when. Bottles may be closed in any order desired.

e Ifclosing on downcast, closure pressures must increase from closure 1 to the last

closure (e.g., 10 db, 20 db, 50 db, etc.).

e Ifclosing on upcast, closure pressures must decrease from closure 1 to the last closure

(e.g., 500 db, 400 db, 350 db, etc.).

e If closing on elapsed time (time since AFM was armed), closure times must increase

from closure 1 to the last closure (e.g., 2 minutes, 5 minutes, 10 minutes, etc.).
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Data Recorded in Auto

Fire Instrument

SBE
[COUTE T

« AFM

bottle closure

— 5 CTD scans are recorded in AFM at ti

* SBE 17plus V2

— Since 17plus V2 is also me

Data Recorded in
Auto Fire Instrument
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Real-Time Data and Water Samples from an
Internally Recording Instrument

[CEUST U
Telemetering and Water Sampling with
Internally Recording Instrument: SBE 3

* Real-time interface SBE 32 Carousel:
— receives power from SBE 33
— converts it to power for SBE
— telemeters data to deck

The SBE 33 provides power and telemetry for internally recording instruments.

Telemetry capability is over 10 km of sea cable.
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Cabling for the SBE 33

SBE
[CEUST S
Telemetering and Water Sampling with
Internally Recording Instrument: SBE

SBE 33 [

single
conductor
sea cable

\L‘_’ SBE 19 SBE 32 Carousel with
19plus or’25 ’ real-time integration option
@ (internal
.
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Deployment Issues

SBE
[COUCS

SBE 11plus
Deck Unit |~

single
conductor
sea cable

Deployment Issues: Cabling
Telemetered Instrument
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Deployment Components: Slip Rings

SBE
seesee What 1s a Slip Ring?

l=l GOLD PLATED
sorum o P FoR T
PTOIE TYPE MATING PLUG (2)
CONNECTOR (1) 4 PLACES @ 90"

A slip ring is an electromechanical device that mounts to the part of the winch that
rotates: the drum. When the instrument package is raised or lowered the drum turns,
winding sea cable in or letting it out. The slip ring makes a connection between the sea

cable rotating on the drum and the cable that connects to the SBE 11plus in the lab.

One side of the slip ring connects to the sea cable’s internal conductor and the armor of
the sea cable; this side has rings of metal separated by insulators arranged in a cylinder.
The other side, which connects to the SBE 11plus, has conducting fingers that rest on the
metal rings, providing continuity between the sea cable and the cable connecting to the

11plus.
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Cabling the 9plus to the 11plus

SBE
Cabling the 9plus to the 11plus

+ Use #20 twisted pair or coax to cable be
SBE 11plus and winch

+ Seacable is typically single or
armored cable up to 10,000
350 ohms resistance
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Cabling the 9plus to the 11plus (continued):

2RE Cabling the 9plus to the 11plus

Recommended Cabling ADVE 2

Coax or twisted pair
" (power + data) SBE 11plus .
—
round) Winch Chassis connected to hull

SBE 11plus

The slide above illustrates the recommended cabling for the SBE 9plus and the 11plus as
well as a not recommended method. The primary difference between the two is that the
recommended method utilizes the seacable armor as the return or ground for the

SBE 9plus. This ensures that the underwater instrument package will be at the same
potential, presumably ground, as the ship’s hull. If the not recommended method is used,
there is the possibility that the instrument package will be at a higher potential than the

ship’s hull and may cause injury to the crew that handles the over-the-side equipment.
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Deployment Components: Wet End Termination

sBE
How Do I Make the
Wet End Connection?

Pigtail SBE #17027 RMF-2FS w/lock sleeve
p

in 1= armor
Armored cable 2pin (;unnector, RMF-2FS w/lock sleeve pin 2 = center conductor
pin 1= armor
pin 2 = center conductor
P.M.I. DanvBlok (Model 706-1202)
per sketch #M 3437-001 plus procedures “\‘

Rochester 1-H-255 /\—
(orequal) \ 18 inches from Blok
Evergrip (PM.1.) to pigtail (nominal)
Model 117-2C-L
/ 12 inches of
cable (nominal) Note: drawing not to scale

T _F o
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Deployment Components: Batteries

SBE
[COUCS

Changing Batteries
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Deployment: Instrument Plumbing

SBE
hotrt

Plumbing for Success

» Sea-Bird conductivity cells and
oxygen plenums rely on water passing
through them, usually via a pump

» Pump is magnetically coupled 1
type, not self-priming

* Arrange tubing on instru
allow all air to esca

Sea-Bird CTDs use a pump to maintain a constant flow of water through the conductivity
cell and past the oxygen electrode. While this technique complicates the instrument
package, it pays off in data quality. The tubing that connects the pump and the sensors
must be arranged to allow all the air that is in the system while it is on deck to escape
quickly when it is submerged. Failure to allow a path for the air to escape causes
problems in the first 10 meters of data collection. Beyond 10 meters, the bubbles usually
collapse sufficiently for the system to operate correctly. If bubbles collect in the pump, it
will fail to prime. If bubbles are caught in the conductivity cell, the pump will fail to turn
on. If bubbles are caught in the dissolved oxygen plenum, the dissolved oxygen signal

will be in error.
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Deployment: Plumbing Examples

SBE
e Plumbing for Success

Y Fitting Detail

This slide shows the proper way to run the tubing for an instrument in a cage meant to be
deployed vertically. Note the highest point in the plumbing is the top of the Y; there is a
fitting with a small hole in the top of the Y that allows the air in the tubing to vent as the

instrument goes into the water.

For the SBE 9plus, an exhaust tube runs from the pump outlet down the side of the cage,
stopping at the same height as the T-C duct inlet. This equalizes pressure at the plumbing
inlet and outlet, eliminating any acceleration / deceleration of water in the plumbing
(which can cause small errors in the measurements). The exhaust tube is usually omitted

for the SBE 19plus and SBE 25, due to the lower accuracy of those systems.
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Deployment: Plumbing Examples (continued)

sBE
Plumbing for Success

vertical

P C—

Pump (vertically
above DO)

Instruments meant for horizontal deployment are easier to plumb. The pump is oriented

so that the outlet is the highest point on the plumbing. Care must be taken to ensure there

are no loops in the plumbing that would trap air. Because this system is meant to be

deployed horizontally, there is no sloshing effect and no requirement for the SBE 9plus

that the inlet and outlet be at the same height.
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Deployment: Underwater Connections

8L Mating Habits of

Underwater Connectors

Lubricate molded ridge on
bulkhead connectors with
100% silicone grease

Slide hand towa
end cap to b

entrapped air

Underwater connectors require some care. The bulkhead connector is the part that is
mounted on the end cap of the instrument. The bulkhead connector should be lubricated
with a light coating of silicon grease; this acts as a lubricant and a sealant. When the
cable is pressed onto the bulkhead connector, there is often air trapped inside between the
bulkhead connector and the cable connector. If you slide your fingers down the body of
the connector, you can force any trapped air out from between the two. This is described

as burping the connector.

Avoid lubricants meant to break adhesions between bolts and nuts such as WD-40. This
sort of lubricant can cause the seal between the rubber and metal parts of the underwater

connectors to partially dissolve and part, resulting in the flooding of your instrument.
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Deployment: Failed Underwater Connections

SBE
hotrt

When Underwater
Connectors Go Bad

These connectors were not burped. As the instrument descended into the water, the air
between the bulkhead and cable was compressed, allowing water to seep into the
connection. Because there are numerous paths between power and ground present, the
pins quickly corroded. You can observe this as a failed or noisy auxiliary sensor, or as
main power dropping below that required to operate the instrument. In a pinch, you
can try cleaning these up to continue using them, but they should be replaced as soon

as possible.
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Deployment: Be Neat!

SBE
hotrt

of package

* Cable tie or tape all loose cabling to fra

— Loose cables flap as package rise
resulting in fatigue

Make a Neat
Underwater Package

* Make sure no cables are i
temperature sensors

Neatness counts! Secure all your loose cables. When you lower your instrument package

at 1 meter per second, any loose cabling will flap. This sort of repetitive motion will

fatigue the cables and shorten their working life.
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Deployment: Final Preparation

SBE What Do You Mean,

Soak the Fish?

 This is not done in
the galley!

* Soaking means putting the
instrument package over the
side and into water at a safe but
shallow depth (like 10 meters)

 Soaking tip: use 2 display types

— Fixed text display to check all

sensors and other parameters on
deck and during soak

— Multi-line plot for the cast

As you prepare to take a cast, it is considered good practice to place the instrument
package in the water and allow it to equilibrate. This allows several good things to
happen. The whole package comes to the surface temperature rather than the air
temperature on deck, the conductivity cell wets with seawater, and the oxygen sensor
comes to surface temperature (and in the case of older sensors, the oxygen sensor
polarizes). Further, if you are working in real-time, you can quickly confirm the operation
of the instrument and all the sensors. This is a great idea because nothing irritates the
deck crew more than starting the cast only to bring the instrument package back aboard a

few minutes later.

If you are using a real-time system, use 2 different display types in Seasave: a text
display (fixed and/or scrolled) for deck and surface soak checkout, and a plot for the cast.

The text display will tell you that the sensors are working and when the pump comes on.
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Deployment: Final Preparation (continued)

SBE  How Long Should I Soak?

Oxygen, SBE 43 [mi]
1

00

3501

400+
CTD in water —— [ p

450 il
Pump on 1 min j—* i 02 mi
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2 min 10 sec— ‘Zﬂ» cast start

6007

o]
o

p 7004
4 min 40 sec —>

In this example the CTD was placed in the water and lowered to 10 meters for a brief
soak. The YSI oxygen sensor began polarization and equilibration when the CTD was
powered on. The plot clearly shows when the pump came on. At the time the cast started,
the YSI was approximately 0.1 ml/l from the surface oxygen value. This represents about
a 3% error. The YSI was fully equilibrated at about 4 minutes 40 seconds, or 65 meters
into the cast. The SBE 43 is much faster to equilibrate and is ready as soon as the air

leaves the system and the pump comes on.
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Deployment: Final Preparation (continued)

SBE
[COUTE T

Using Your CTD in Very
Cold Places

* Glass conductivity cell is subject to breakage d
to water freezing in cell
» Remove all water from cell

— Repeated ice formation (film or dro
will degrade calibration at 0.001

» Make a solution of 1% tri
— Use 0.5 micron filtere

— Or boiled seawat

Commercially available alcohol or glycol antifreezes contain trace amounts of oils that

will coat the conductivity cell and the electrodes.
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Correlating CTD Data with Water Samples

SBE Correlating CTD Data with

Water Samples

» Water sampler closure events are captured in data

— GO 1015 systems mark the 9plus data stream with a
status bit

— SBE Carousel systems use a list of scan numbers
created by Seasave, .b/ file

* This information is used by Data Co

module to extract CTD data at ti

sampler closure into a .ros fi

+ Extracted data may be s

Bottle Summary mo

Water samples are typically used in analyses that cannot be preformed in-situ, usually of
a chemical or biological nature. These analyses are much more useful when they can be
combined with CTD measurements made at the time of the water sample. There are two
steps to providing a table of CTD data that corresponds to water samples. The Data
Conversion module creates a .ros file that contains CTD data scans from the data logged
at the time the water sample was collected. The Bottle Summary module creates averages
and standard deviations from this data, rendering the data into a format that can be easily

used by spreadsheets or other applications.
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Extracting CTD Data for Water Samples with
Data Conversion

SBE Extracting CTD Data with

Data Conversion

* You may create a .cnv
and/or a .ros file

e The source of the data
is your .hex or .dat file

» The indicator of what
data to extract is a
status bit in the data or
a file of type .bl, .afm,
or .bsr

+ Data written to the
.ros file is specified in
the output variable
selection dialog

The Data Conversion module creates a .ros file containing the same variables that the
.cnv file contains, with scans logged around the moment a water sample was collected.
Data Conversion determines when the water sample was taken by either a status bit in the
SBE 9plus data stream when a G.O. 1015 is used to collect samples, or by a .bl or a .bsr
file that is created by Seasave when the instrument package is equipped with an

SBE 32 Carousel.

For instrument packages using the AFM, a file of data stored by the AFM (.afm) is the

source of the scan markers.
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Extracting CTD Data for Water Samples with

Data Conversion (continued)

SBE
Bottle Closure

of closure

* Scan range offset is how many se
before the bottle closure to begi
extracting data

* Scan range duration i
total to extract d

seseee  Specifying How Much Data Per

» Data extraction is referenced to the time

The range of data to copy out of the .cnv file into the .ros file is specified in seconds. You

may copy a maximum of 1440 scans per bottle closure. For an SBE 9plus system

operating at 24 Hz, 4 seconds of data is 96 scans. For an SBE 19 operating at 2 Hz,

4 seconds of data is only 8 scans.
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Bottle Summary: Summarizing Water Sample Data

SBE
Summarizing and Tabulating Data

* Bottle Summary module creates a table of
averages and standard deviations from data in
.ros file

— .ros file must contain pressure, temperature, an
conductivity or salinity

— Additional parameters may be derived
averaged variables

— Data is output to a .btl file

— If a .bl file is present, bottl
bl file

The .ros file created by Data Conversion contains a set of data scans for each water
sample taken. The Bottle Summary module takes the process one step further by
averaging the scans for each water sample into a single line of data that contains averages
and standard deviations for each of the parameters in the .ros file. In addition, you may
add derived parameters to this list. The derived parameters are calculated from the

averages of the data contained in the .ros file.
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Bottle Summary: Summarizing Water Sample Data
(continued)

[COUTe T

Bottle Summary

* Variables created by
Data Conversion may be
selected for inclusion in
the .b1l file

x|

Select All

Clearall |

Wariable Name [urit]

Digiquartz [db]
EE

O &KKX x>
t

E
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Bottle Summary: Summarizing Water Sample Data
(continued)

SBE
[CEUST U
Bottle Summary,
Deriving Parameters

» Parameters derived
from the averages may
be added to the .btl list

mmmm

cccccc
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Activity

Because you are already familiar with Data Conversion, we will not list step-by-step

SBE
[COUCS

Activity: Create a .ros file and
a .btl file

* Run Data Conversion
— C:\Data\Module4\Hawaii.dat
— Upcast and downcast
— Output pressure, temperature, salinity
— Create .ros file only
— Use .b! file as source of scan range
— Scan range offset: -2
— Scan range duration: 4
* Run Bottle Summary
— Output all averaged v:
— Derive sigma-t
» Check out the

instructions for this part of the activity.

After you have run Data Conversion, run Bottle Summary (number 8 on the data

processing menu)

Select an instrument configuration file, C:\Data\Module4\Hawaii.con
Select a data file, C:\Data\Module4\Hawaii.ros
Click the Data Setup tab

Click the Select Averaged Variables button
Click the Select All button

Click OK

Click the Select Derived Variables button

Click the first Variable name entry

Click Density -> sigma-t

Click the Add button
Click OK
Click Start Process
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Overview

ggg Miscellaneous Applications
and Troubleshooting

* Fresh water applications
» Sound velocity

* Adding navigational information to your data
* Collecting surface PAR while taking a cast

* Collecting data from instruments that
by Seasave

» Adding a 9600 bps serial dat
* Thermosalinographs
* Troubleshooting C

In this module we will discuss somewhat less common applications and troubleshooting.
By the end of this module you should be able to:
e Operate your CTD in fresh water.
e Speak knowledgeably about techniques of measuring sound velocity.
e Add navigational information to your CTD data.
e Collect surface PAR data with your cast.
e Display data collected from instruments not supported in Seasave in a
meaningful way.
e Know what options to have installed if you need to add a serial instrument to your
instrument package.
e Set up and operate an SBE 21 or SBE 45 thermosalingraph,

e Do some basic troubleshooting.
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Fresh Water Applications

SBE
(C
Fresh Water Applications

* Fresh water has much lower conductivity than
salt water

* When the conductivity sensor frequency reac
a threshold, the pump is turned on

* The conductivity threshold may be s
19plus, 25, and 49

» For a 9/11plus, the pump m:
the computer keyboard

Using a CTD in fresh water requires some modification of the instrument setup for
internally recording instruments or of hardware for the 9plus. The issue is the pump turn-
on signal. As delivered, Sea-Bird instruments are configured for use in saltwater. They
sense the rising conductivity frequency associated with immersion in saltwater, and turn

on the pump after a short delay that allows the air in the plumbing to escape.

In internally recorded instruments and the SBE 49, the user can set the pump turn-on
threshold frequency. For fresh water, this should be set to 5 Hz above the frequency seen
at zero conductivity (wet cell rinsed with deionized water). However, values closer to the
zero frequency may be required; check your data carefully to make sure the pump is

turning on properly.

SBE 9pl/us CTDs may have optional hardware that allows the operator to turn on the

pump from the computer keyboard.
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Specific Conductance

SBE
(C
Specific Conductance

* Conductivity
of fresh or salt
water depends
on temperature
and 1onic
strength

* Specific
conductance is
conductivity
normalized to
25°C

Specific
Conductance
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HNZ10.CNU: Plot Label

The conductivity of fresh or salt water is strongly dependent on temperature. Specific
conductance is used to visualize the conductivity without the temperature dependence.

The equation shown below has the effect of normalizing the conductivity to 25° C.

(Cx10,000)
(1+Ax(T-25))

Specific Conductance (umhos / cm) =

where:

A =0.019 to 0.020 = thermal coefficient of conductivity for natural salt ion solutions

(Seasoft uses this formula with A = 0.020)
C = conductivity [S/m]

T = temperature [°C]
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Sound Velocity

SBE .
cesssse CTD and Sound Velocity

e SV +/- 0.05 m/s calculated from temperature, salinity,
and pressure requires:
— Temperature at +/- 0.028 deg C
— Salinity at +/- 0.040 PSU
— Pressure +/- 3 decibars

+ Direct measurement of SV (with typical 20 cm pa
length) to +/- 0.05 m/s requires:
— Time of flight measurement of +/- 4 nanosec:
— Path length maintained within +/- 0.007

— Calibration against CTDs or same r
calibrate CTDs

Sound velocity (SV) sensors measure the flight time of a pulse of sound between
transducers. To meet the + 0.05 m/s specification of a typical 20 cm path SV sensor, the
time of flight must be measured to within about 4 nanoseconds. The electronics to
perform this are difficult but feasible; however, the time delays associated with the

acoustic transducers cannot be maintained over pressure and temperature.

While the dependence of SV on time and distance implies that calibration is not required,
in practice the distance (within necessary accuracy of 20 cm * [0.05 m/sec/1500 m/sec] =
0.0007 cm = 0.007 mm, at nominal 1500 m/s SV) cannot be established from a physical
measurement of path length. This is not caused by uncertainties in mechanical dimensions;
but by uncertainties in how deep into the acoustic transducer the sound pulse is when the
electrical signal is generated. Accordingly, all direct SV sensors are bath-calibrated

(against a CTD or the usual references used to calibrate CTDs - SPRT, Autosal, etc.).

To meet a 0.05 m/s specification, a CTD can be wrong in temperature by 0.028 °C; in
salinity by 0.04 PSU; and in pressure by 3 decibars.

The linkage between CTD and SV (Chen and Millero) is part of the equation of state
1980. This international usage and recognition not only leads to the highest level of
accuracy, but ensures that CTD-based SV measurements are intercomparable no matter

where and when taken.
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Adding Navigational Data

SBE Adding Navigational

Information to Your Data

+ Latitude and Longitude transmitted from a GPS in
NMEA format 0183 can be appended to each da
scan in an SBE 11plus, 33, or 36 Deck Unit

$GPGGA,191133.191,3022.9781,N,08937.3574,W, 1,08
$GPGXP,191133,3022.9781,N,08937.3574,W*5

$GPGLL,3022.9781,N,08937.3574,W,19

In Seasave, navigational data transmitted in NMEA format 0183 is appended to real-time
data if you select NMEA position data added in the instrument configuration (.con) file
dialog box. Navigational data is also added to the file header at the start of the cast. And,

navigational data can be written to a separate .nav file at user-selected points in the cast.

A NMEA interface is available in all Sea-Bird deck units — SBE 11plus, 33 (NMEA
interface optional), and 36. The Seacat/Sealogger RS-232 and Navigation Interface Box
(sometimes called the NMEA Interface Box or Opto-Box) that is used with internally

recording instruments or the SBE 21 thermosalinograph also has a NMEA interface.
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Adding Surface PAR

SBE
[Cot

Collecting Surface PAR

* The SBE 11plus, 33 or 36 will sample a
PAR (Photosynthetically Active Radiati
sensor that is on the ship, for com
with a PAR sensor mounted o
instrument package

» Each sample is appen:
from the CTD

Sea-Bird deck units may be equipped with an A/D interface intended to digitize the signal
from a deck-mounted PAR sensor. This is standard equipment for the SBE 11p/us and
optional for the SBE 33 and 36. In Seasave, Surface PAR data is appended to real-time
data if you select Surface PAR voltage added in the instrument configuration (.con) file

dialog box.

The deck-mounted PAR sensor is used in conjunction with a PAR sensor mounted on the

instrument package.
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Supporting Custom Auxiliary Sensors

SBE
[Cot

Supporting Custom
Auxiliary Sensors

» Seasave provides User Poly equations,
you can enter coefficients for a pol
to calculate a value from the

conversion made by the CT

For instruments that are not supported in Seasave, a meaningful display of data can be
made by specifying a user polynomial to be applied to the 0 — 5V data. The user

polynomial can be up to 3" order:

Val=a0 + (al * V) + (a2 * V2) + (a3 * V3)

where:
V = voltage from sensor

a0, al, a2, and a3 = user-defined sensor polynomial coefficients, specified in the
instrument configuration (.con) file
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Adding 9600 Baud Data Channel to 911plus

gg& Adding a 9600 Baud Data Channel

to a 9/11plus

A 9600 Baud data channel can be
multiplexed into the 9plus data stream

* This data channel is an uplink only

* Commands may be sent down via w.
sampler channel

* Designed for multi-channel
* May be used by any seri
 Data is broken out

As optional equipment, a 9600-baud serial channel can be multiplexed into the 9p/us data
stream, allowing external instruments that transmit serial data at 9600 baud or less to
send their data up the sea cable. This data channel was designed for multi-channel

spectrometers; however, it has also been used with acoustic Doppler current meters.

The 9600 baud channel can also be used with an instrument that transmits at 19200 baud

in burst mode, so that the overall rate of transmission does not exceed 9600 baud.
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Thermosalinographs

SBE .
s Thermosalinographs
* SBE 21 and SBE 45

* Thermosalinographs are used aboard ships
to map sea surface parameters

Thermosalinographs are used to collect information about the sea surface; typically in
flow-through systems operating continuously throughout a cruise. They are included in
the profiling section of the course because they are installed on many research vessels.
Thermosalinographs are typically installed inside and near to the hull of a ship in order to
make measurements on uncontaminated seawater. Optionally, you can plumb other types

of sensors into the system for a wider range of measurements.
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Thermosalinographs (continued)

SBE SBE 21 and SBE 45

« SBE21
— Storage in 8 MB internal memory
— Sampling interval from 3 seconds — 10 minutes
— Remote temperature port
— Supports four 0 — 5V auxiliary instruments
* Fluorometer, dissolved oxygen, pH, turbidity

— Data transmission to remote computer via
Seacat/Sealogger RS-232 & Navigation Interface Box

— Navigational input via NMEA 0183 interface in Interface

* SBE 45
— Temperature and salinity only
— No memory or external sensors
— Flexible sampling protocols

— Remote temperature and/or
optional SBE 45 Power, Navi
Interface Box

The SBE 21 is the more capable of Sea-Bird’s thermosalinograph offerings, supporting a
variety of auxiliary sensors and a remote temperature sensor, which is used when the
thermosalinograph cannot be mounted close to the sea water inlet. The remote sensor
allows a temperature measurement to be made on water that has not been warmed or
cooled by a long trip through a pipe. Salinity, of course, does not change with
temperature, so the conductivity measurement is valid even though the water may have
changed temperature on its journey to the thermosalinograph. The SBE 21 also comes
with an Interface Box, which accepts navigational data and appends the data to the

SBE 21°s data stream.

The SBE 45 does not have the capability to directly integrate remote temperature or
navigational data. However, the SBE 45 can be used with an optional Interface Box,
which accepts remote temperature and navigational data, and appends the data to the

SBE 45°s data stream.
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Thermosalinographs (continued)

G:. Plastic

Seal

Stainless

navigation interface

SBE 21 Cabli

IBM-compatible

computer

PN 90488

[EII Interface Box AC input

[ 1 NMEA 0183
./- Rs-232

Optional Mounting Kit P/N 50244

AD inputs

Ground

steel

Stainless pipe nipples included

Valvel
manifold

Water
jacket

S er intake Pump (not included)
(as close to ship's bow as possible)

If you want to include navigational (GPS) information in your thermosalinograph data

record, you will have to use a PN 90488 Seacat/Sealogger RS-232 and Navigation

Interface Box (sometimes called an Opto-Box or NMEA Interface Box) and log your data

with Seasave. The GPS data is very useful for mapping sea surface conditions. The

Interface Box provides power and melds the SBE 21 data with the GPS data. Because the

GPS data cannot be input directly to the SBE 21, you must devote a computer to data

collection via Seasave.
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Thermosalinographs (continued)

SBE
[Cot

SBE 21 Setup and
Memory Endurance

Use terminal program to:
— Set time and date, and external sensors to log

— Set sampling scheme and sample interval —
continuous at 4 Hz (averaging every sample in
1 sample every sample interval seconds

— Begin sampling with GL command
Capture data with terminal pro;
SBE 21 comes with 8 Mb
— Temperature and cond
— Each voltage adds
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Thermosalinographs (continued)

SBE SBE 45 Cabling

* SBE 45 has no memory, supports no external
sensors, and has a simplified manifold

1BM-compatible
computer

(not included) Optional

PN 90402
Interface Box

P —
1BM-compatible
computer
(not included)

Power supply
(not included)

Optional mounting kit
RS-232 PIN 50244
(RS-485 optional)

Seawater Out

SBE 45
MicroTSG

‘Seawater Out

SBE45
MicroTSG

Stainless pipe nipples included

Seawater In

Seawater In

Pui m_p Pump
(not included) (not included)

Seawater \nta)fe ; ‘Seawater Intake
(as close to ship's bow as possible) (as close to ship's bow as possible)

As mentioned previously, the SBE 45 does not have the capability to directly integrate
remote temperature or navigational data. However, it can be used with an optional

Interface Box, which accepts remote temperature and navigational data, and appends the

data to the SBE 45°s data stream.
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Thermosalinographs (continued)

SBE
SBE 45 Sampling Protocols
and Setup

+ Sampling protocols:
— Polled -- 1 sample is taken and sent to computer

— Autonomous -- samples are taken on user-input ti
interval and sent to computer

— Serial line sync -- pulse on serial line aw:
it takes and transmits a sample and g
+ Use terminal program to:

— Set time and date and data o
velocity and salinity, as
conductivity)

— Set sampling sche:
 Capture data wi
with Seasa

The SBE 45 offers three sampling modes:

e Your computer can ask for a sample; the SBE 45 will take one sample and send it
to your computer.

e The SBE 45 will sample at regular intervals and transmit the data.

e A pulse on the serial line (your computer sends a character) causes the SBE 45 to

send a sample.
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Thermosalinographs (continued)

SBE
[Cot

Thermosalinograph Calibration

* Temperature calibration is best done

 Conductivity calibration depends
environment that the thermo
used in

» Comparison to buck
drawn off the m:

These are recommendations only; the conductivity calibration depends on the

environment that the thermosalinograph is operated in.
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Thermosalinographs (continued)

g%g Thermosalinograph

Maintenance

* Flush with fresh water periodically
» Replace anti-foul cylinders every 6 mont

* Rinse conductivity cell with non-ioni
detergent weekly

* For prolonged storage of the
remove electronics from
a distilled water fille
outlet of conductivi

If you have a great deal of biological activity, you should provide more care for your
thermosalinograph. Organisms really like pumped systems because they can settle in and
have a 24-hour constant flow of seawater past them,; it is little-creature heaven. Harbors
and coastal areas tend to have more contaminants in the water. Use the bucket samples

discussed in the last slide to decide when to clean and calibrate you equipment.
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Thermosalinographs (continued)

SBE
[Cot

Thermosalinograph Data

oc15_99.cnv

2oy OB B 3 8 8 3 OE OB OB o8 8
bbb e e
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Troubleshooting

SBE
(C
Troubleshooting: The Basics

* The first step is determining
which part of the system has
the problem: e
— Do the sensors have valid output? S
— Is the data properly acquired, s
TELEMETRY

formatted, and telemetered TELEMETR)
or stored? REGORDING

— Is the data properly recei Tme
converted to scientific E

Next we will discuss troubleshooting. Troubleshooting is an art based on a fundamental
understanding of the way your equipment is supposed to work. We will attempt to cover
the most common problems in this broad topic, ranging from problems with electronic

circuits to mechanical parts that need to be cleaned.
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Troubleshooting: Real-Time Systems

SBE
(C
Real-Time Systems

* No lights on the deck unit front panel
— Check the power fuse!
— Check that power is being supplied i
deck unit.
* Most lights on, but green
— Check the sea cable fu
— Check that the un

After the obvious things, like checking the fuse and the power outlet the deck unit is
plugged into, check that the underwater unit is receiving power. If you disconnect the
sea cable underwater connector from the CTD, you should find a large DC voltage
(150 — 250V) between the large pin and the small pin. Note that the large pin is ground.
Real-time systems that are running via an Interface Box or Opto-Box will have only

10 — 15 volts across the sea cable connector.
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Troubleshooting: 911plus

SBE
(C
9/11plus System Diagram

8 CHANNEL ANALOG FILTERS AND
ANALOG / DIGITAL CONVERTERS

PRIMARY TEMPERATURE
PRIMARY CONDUCTIVITY

RS232
PRESSURE SERIAL DATA
SECOND TEMPERATURE

SECOND CONDUCTIVITY

The 9/11plus is a highly modular system. You can exploit this characteristic of the

instrument in troubleshooting. You can swap sensors, swap cables, and if necessary, swap

printed circuit boards to see if trouble follows any one of these components.



22 Module 5: Miscellaneous Applications and Troubleshooting

Troubleshooting: 911plus (continued)

SBE
[

A Note About Data Flow

* 9plus data is transmitted serially
— First are the status bits
— Second are the frequency channels
— Last are the A/D channels
* A bad printed circuit card will shorten
of each data scan
— A bad A/D board will result in no

— If the first frequency counter is
no A/D data and the first fre

— If the third frequency co
no A/D data and the
be missing

— Andso on....

The 9plus transmits its data serially. A sensor, or in the case of analog channels a group
of sensors, is measured and the data is passed from one circuit board to the next and
through the output section onto the sea cable. Therefore, if one PCB malfunctions, the
data from all the cards below it will be missing from the data stream. You can check out

each channel in the data stream via the 11plus front panel display.
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Troubleshooting: 911plus (continued)

ggg Auxiliary Sensor (0 — 5V Analog)

Not Working (No Signal)

¢ Could be the sensor

— Swap sensor for another on a working channel, check
unit. Note: 4095 A/D counts =0V, 0 A/D counts =

* Could be the cable
— Check bulkhead connectors for signs of
— If possible, swap in a spare cable
» Could be the low pass filter c:

— Channels 0 — 3 are on one
other; try both cards

— If no channels are

The front end of the analog-to-digital system consists of 2 printed circuit boards with
4 channels on each. If you have problems in one channel, switch to the other analog input
card. If the problem disappears, it is in the analog input PCB. If the problem persists, it

may be in the analog-to-digital conversion PCB.
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Troubleshooting: 911plus (continued)

SBE
[

Temperature, Conductivity, or
Pressure Not Working (No Signal)

¢ Could be the sensor

— Swap the sensor for another on a working channel
check the deck unit

* Could be the cable
— If the sensor works on another ch:
¢ Could be the counter card

— If the primary T or Cis a
secondary T or C

Similarly, there are 5 frequency channels in the 9p/us. These are interchangeable; you can
quickly isolate a problem in the CTD section of the instrument by swapping cables and
counter channels. By doing this you can determine if the problem lies with a sensor, a

cable, or a counter card.



Module 5: Miscellaneous Applications and Troubleshooting 25

Troubleshooting: 911plus (continued)

2B SBE 11pius Deck Unit,

No Communication with Computer

» Green Computer Interface Receive LED
does not flash
— Check cable
— Check serial port
— Wrong interface selected

* Red Underwater Unit Err
flash during initializati
— Wrong baud rate

In considering the deck unit end of the system, first look to the cabling between the PC
and 11plus. When Seasave starts, it communicates setup information to the 11plus. This
data transmission causes the 11plus Computer Interface Receive LED to flash. If the
11plus is correctly receiving the setup information, the computer interface red
Underwater Unit Error light will flash briefly during this time. If the red Underwater
Unit Error LED does not flash, the baud rate is not correctly set in the COMM Port
Configuration dialog found on the Acquire and Display Real -Time Data Set Up dialog in

Seasave.
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Troubleshooting: 911plus (continued)

SBE
[Cot

9/11plus Communication

CAROUSEL
L3

CAROUSEL
POWER
AND CONTROL
SBE 9plus
SEACABLE MODEM

SEA CABLE DATA

GPS
RECEIVER

CPU, GPS
WATER DATA (NMEA)

SMODEM RECEIVER INTERFACE,
PAR
E GPIB PARALLEL
| — OR
RS232 SERIAL

= o=
==z

Here is a signal flow diagram for the circuit boards in the 11plus, the 9plus, the Carousel,
and your PC. Note that water sampler commands pass from your computer to the
11plus CPU board, to the receiver board, to the modem board, to the 9plus, and into

the Carousel.
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Troubleshooting: Carousel Water Sampler

SBE
[Coe
Water Sampler Physical Problems

» Soak triggers in soap and water

» Never lubricate triggers

» Check 3 screws holding trigger
assembly to pylon for over-
tightening, which causes
distortion of trigger assembly

» Lanyards must run straight
from trigger to water sampler

Many general water sampler problems such as bottles don’t close can be traced to
physical problems with the sampling system. The Carousel triggers are coated with an
oxide-type layer that is meant to water lubricate. The coating absorbs oil and becomes
gummed up and sticky. Often, giving the triggers a good soak in hot soapy water will
return them to their original state. Conversely, honing the latch parts to remove the
coating will remove the lubricating layer and make them more susceptible to sticking. If
you do remove your triggers for cleaning, be sure that you don’t over tighten the three
screws that hold the triggers to the magnet assembly. Over tightening will cause the

trigger plates to warp and will cause the triggers to bind.
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Troubleshooting: Carousel Water Sampler (continued)

SBE
[

Water Sampler Electrical Problems

* SBE 11plus carrier detect LED must be lit
and 9plus carrier detect bit must be set

» Computer must have a functioning C
for sampler control

* SBE 11plus modem board swi
must match sampler typ

* Check cables

Water sampler control is carried out over a 300-baud modem channel. This channel is full
duplex (both up and down communication) and shares the wire with the main data
channel. Indications that the 9/11plus system has proper modem communication are
found on the front panel of the 11plus and in the status bits of the 9plus. If the 11plus
modem carrier frequency is detected in the 9plus, a status bit is set. If the 9plus carrier
frequency is detected in the 11plus, a carrier LED is lit. For the SBE 33 Carousel deck

unit, an LED flashes when communication is received from the SBE 32 Carousel.
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Troubleshooting: Internally Recording Instruments

SBE Troubleshooting Internally
Recording Instruments

* Internally recording instruments’ electroni
are not modular like the 9plus, especia
those instruments with integrated s

* Most user-serviceable proble
internally recorded instru
instrument configuratio
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Troubleshooting: Deployment Problems

SBE
[Cot

Deployment Problems

* All the air must be able to escape
your plumbing

* The pump turn-on is triggered by the ri
conductivity signal

* SBE 13 and SBE 23 dissolv

sensors have a long turn-
10 minutes

A lot of deployment problems can be avoided by being careful when you prepare your

instrument for deployment and by being patient and waiting for a surface soak.

e Secure loose cables and make sure your plumbing is going to properly vent air.

e Soak your instrument package near the surface for at least 2 -3 minutes before
lowering away. If you are using an older dissolved oxygen sensor, soak for

10 minutes to ensure the electrode is properly polarized before beginning your cast.
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Troubleshooting: Deployment Problems (continued)

gg& How Can I Tell if My
Wet End Termination Needs
to be Replaced?

Intermittent data dropouts, error light blink
on deck unit, check modulo errors

Sea cable fuse blows in deck unit

Fish works fine on test cable
Fish works on deck, but

The part of the sea cable that connects to the instrument package receives a lot of wear
and is under a great deal of stress. The cross-sectional area of most instrument packages
causes a huge load on the cable every time the ship rolls. The 9plus data stream has an
8-bit counter that increments at each data scan, returning to 0 after 255. Missing scans
show up as a missing number in the count. Because decoding the 9plus counters requires
a scan and the scan before it, missing scans show up as data spikes. Usually, data errors

of this sort are caused by intermittent connection in the mating end of the sea cable.
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Troubleshooting: Deployment Problems (continued)

S HowDolKnow i

the Slip Ring?

* Disconnect fish and deck unit

+ Connect volt meter to signal wire and sea
cable armor; check for small DC voltag

— Wet end terminations usually fail whe
seawater intrudes into splice betw!
connector and cable. Dissimil.
seawater will cause a batt
manifests itself as a s
signal wire and a

Like other troubleshooting activities, the solution here is divide and conquer. Check the
sea cable as described above. If everything seems normal, disconnect the slip-ring from
the sea cable and the cabling that runs into the computer room. The slip-ring should
present very low resistance on all of its conductors through a whole rotation. Switch to

another conductor if you find one that has high resistance or becomes intermittent.
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Troubleshooting: Deployment Problems (continued)

SBE Why Can’t I Use the Ohm
Setting on My Multimeter?

¢ You can BUT:

— 10 kilometers of cable has capaci
when wound on winch spool
some inductance
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Troubleshooting: Data Problems

SBE :
wesesss® Troubleshooting Data Problems

* There are only two ways you can ruin
your data:
— Deleting your .dat or .hex file
— Opening and then saving your .dat fi
word processor
* There are many ways you ¢
useless data by making

.con file

As we mentioned earlier, older (<6.0) versions of Seasave created a .dat file for data from
an SBE 911plus. Versions 7.0 and later create a .hex data file for data from all supported

instruments.
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Troubleshooting: Data Problems (continued)

SBE
[Co g

are stored

unused voltage or frequency ¢
suppressed
* However, Seasave ai

check the scan le
.dat or .hex fi

You can only harm yourself with data scan mismatch with internally recording

Data Scan Mismatch

* Internally recording instruments have varying
length depending on the number of voltag

* The SBE 9plus has varying scan |

instruments. It is always good idea to take a look at your data before you initialize (erase)

the memory in your internally recording CTD.
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Troubleshooting: Data Problems (continued)

SBE _
R Internal-Recording Scan
Mismatch Example
Correct scan length Short scan length

TTTTTTTTTTTTTITTITI T T
= g
7]

| 1 1 L |
2500 Salinity, pss-7e (oD w0 00 salinity, ess <78 (Ps0;
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Troubleshooting: NMEA Problems

Q&E Troubleshooting Your

NMEA Interface

+ Navigational data must be in the proper
format, NMEA 0183

* It must transmit at the proper speed,
4800 baud (9600 also available fo
with 8 data bits and 1 stop bit

* Use the NMEA simulato

 Capture some data
for comparison

Adding navigational information to your data can be troublesome. Manufacturers of GPS
receivers are not scrupulous in following the NMEA data format. You can check the
transmit rate, data bits, and parity as well as output format of your GPS with your PC and
a terminal program. If these don’t match the NMEA standard, then you may not get
latitude and longitude appended to your data. If you think that there is a problem with the
deck unit receiving data, you can use your PC and the simulation program found in
Seasoft. NMEA and GPS installation and troubleshooting is discussed in detail in the

deck unit(s) manual.
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Troubleshooting: NMEA Problems (continued)

SBE
[Cot

NMEA Simulation

+ Sea-Bird provides a simulation program th
you can run on a second computer or o
same computer if the computer ha
COM port

— Cable your computer to the
the deck unit

— Run the simulator
problem is wit

You can test the deck unit and Seasave with the NMEA simulation program, NMEATest.
Cable the NMEA port on the deck unit to a second PC with the provided cable.
Alternatively, you can run the simulation using only one computer if the computer has a
spare COM port. The simulation program sends NMEA messages in the RMA, RMC,
GGA, or GLL format.
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Troubleshooting: NMEA Problems (continued)

SBE
[Cot

Capture Some Data
for Comparison

+ Cable your computer to your GPS
* Use Seaterm to check the transmit sp
data bits, etc.

» Use Seaterm to capture some
compare with the standar:
shown in the deck uni

Standard NMEA data formats are shown in the deck unit manual. You can use the
capture facility to collect some data from your GPS. If the data is not in the proper
format, check your GPS manual to determine the configuration that will yield the correct

data format.
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Activity

SBE
[Co g ! i
Troubleshooting Activity

* What is wrong with this instrument?
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Activity

[Cot

Troubleshooting Activity

» Use Seasave to examine data in
C:\Data\Module5\Cast1\BadC

— Use BadCastl.con

— Plot display: P 0..6000
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2 Module 6: Making Measurements in the Ocean

Overview

%%E Making Measurements

in Ocean

* Sensor physical characteristics and response
time

* Coordinating measurements in space a
time

* Resolution and Sampling theo

» Comparing measurement
different model inst

In this section we will take a close look at how measurements are made, in the
environment in general and in the ocean specifically. We will discuss what to expect
from measurements in terms of resolution and how to judge if we can make the
measurements needed for our scientific purpose with the equipment at hand. Many
common oceanographic parameters, such as salinity or density, require measuring
multiple physical parameters, such as temperature and conductivity, to calculate the
single new parameter. We will consider how measurement techniques impact the

accuracy of these parameters.

At the end of this module, you should be able to:

e Determine what resolution your data will have, based on instrument sampling rate
and descent rate in the ocean.

e Describe what a sensor is and how it operates.

e Explain the importance of correlating temperature, conductivity, dissolved oxygen,

and pressure measurements in time and space.



Module 6: Making Measurements in the Ocean 3

Sensors Revealed

SBE
Sossse Sensor Components
* Device that allows a physical characteristic

of environment to be converted into an
electrical signal

* Composed of:

— Active element having a property that changes in
response to physical characteristic, and

— Circuit that converts this change into a si

may be measured by normal methods

* Normal methods mean freque
or analog-to-digital conversi

Sensors convert a physical property of the environment into an electrical signal.
Variations in the physical property are followed by variations in the signal. Consider a
telephone, which converts the pressure wave that is sound into an electrical signal that
can be transmitted through a wire. In similar fashion, oceanographic sensors convert
pressure, temperature, conductivity, or some other physical parameter into varying
electrical signals that are proportional to the value of the physical parameter. Typically, a

sensor is composed of two parts:

e Active element

The active element converts the physical parameter of interest into an electrical
signal. To operate, the active element generates an electrical current or modifies an
electrical current in response to changes in the value of the physical parameter.

e Conditioning circuitry

The conditioning circuitry provides any electronics required for the active element to
work. The circuit might use changes in a property of the active element. For example,
oceanographic thermometers often use a thermistor to measure temperature. A
thermistor changes its resistance to current flow as its temperature changes.

The circuit might also convert the active element’s output into an electrical signal
type and range that is more easily converted to digital format. For example, the
dissolved oxygen active element has a cathode that reacts with O, to produce a weak
electrical current; the conditioning circuit converts that current into a 0 to 5V

sensor output.
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Sensors Revealed (continued)

SBE
[Co g
Contemplating a Sensor

 Perfection:
— Reacts to only one physical characteristic
of environment
— Has a response to physical characteristic that is easily
modeled mathematically
* Reality:
— May react to more than one physical charac
of environment
— Response of sensor may be non-line

parametric, with terms that reflec
physical characteristics other

The best sensor has an active element that:
e Reacts only to 1 environmental parameter.

This is a rather rare occurrence. Almost any semiconductor or wet electrode will react to
changes in temperature and pressure. Response to multiple environmental parameters is
referred to as non-specific response.

e Responds to changes in temperature and pressure in a fashion that is easily modeled.

e Responds instantly to changes in the physical parameter.

The problem of non-specific sensor response can be overcome with:
e The housing or mounting arrangement of the active element.

For example, placing the thermistor of the SBE 3 in a fine needle protects it from pressure
effects, but still allows it to react rapidly to changes in ocean temperature.

e The conditioning circuitry, which might have elements that compensate for temperature
effects within the conditioning circuitry itself.

e The mathematical equation that converts sensor output to scientific units.

For example, the SBE 4 conductivity sensor is affected by temperature as well as pressure;
this is characteristic of the glass used for the cell. The best way to remove these effects is
mathematically, turning the calibration equation into a parametric equation that has terms that
depend on temperature and pressure.

e A second shielded sensor that compensates for non-specific response.

For example, pH sensors have an electrode that is measured against a reference electrode
contained within the sensor body.
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Sensor Response Times

SBE
[Co

Sensor Response Times

* Sensors do not respond infinitely quickly to
changes in their environment

+ Sensor response to a step change
in their environment is termed their
time constant

* Time constant is typically st

come to 63% of final va
change in environm

Sensors do not react infinitely quickly to a new environmental condition. For example,
let’s look at a 2-box ocean, with the top box at 20 °C and the bottom box at 0 °C. If our
CTD moved from the top to bottom box, we would see a temperature signal that changed
very quickly from 20 °C to 0 °C, but not as a perfectly sharp jump. The reason for a
slower response time for sensors is often found in the packaging of the active element of

the sensor.

For example, a thermistor is housed in a thin metal sheath; the delay in response to a
sharp change in temperature from warm to cold is due to the time required for the heat in
the thermistor to diffuse into the environment. For a conductivity cell, there is flushing
time of the cell. For a dissolved oxygen sensor, there is the time required for the
concentration of O, near the electrode to equilibrate with the environment. The time
constant, or t, of the sensor is expressed as the time for the sensor to come to 63% of its

final value given a step input.
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Sensor Example: a Thermometer

SBE
[

» Active element is a thermistor, a
semiconductor that changes resist
its temperature changes

+ Conditioning circuit is an

A Thermometer

* Physical characteristic is ocean temperature
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Sensor Example: a Thermometer (continued)

%E SBE 3 Thermistor-Based
Temperature Sensor

» Time constant for an SBE 3F or 3plus i
70 milliseconds
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Thermometer Response Comparison

This plot compares the time response of the SBE 3F with the SBE 19p/us. The SBE 3F

has a smaller thermistor and a smaller needle, giving it a faster response time.

SBE
©ss%® Temperature Sensor Response
/SBE 3F SBE 19plus
o 8
=]
.V [~
N
o
§ 2 \g ~—
=0
1 2 3 4
Elapsed Time (seconds)
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Conductivity Sensor Response

SBE
[Coe
Conductivity Response

» Conductivity sensor response is influenced
by several factors
— Flow of sample through the cell
— Temperature and heat capacity of the cell
— Electrode condition

* A good estimate of SBE 4 time
30 milliseconds

— This is typical for all Sea-
conductivity cells

Sea-Bird conductivity cells have an effective volume (i.e., the region within the cell

where the conductivity measurement is actually made) of about 2 cm’. At 30 ml/s, this

volume is flushed in 67 ms. The cell response to a step change in conductivity has a

sin(x)/x character. Up to the first null (fn at 15 Hz), this response approximates the shape

of the temperature sensor’s exponential response. For the sin(x)/x function, the half-

power point occurs at 0.443fn = 6.645 Hz and conductivity Tau is therefore

1/(2 * pi * 6.645) = 0.024 s. Because of viscous effects that tend to retain boundary layer

water, the response measured in laboratory experiments is somewhat longer (0.030 s).

The measurement of a conductivity cell time constant is a difficult problem. Below are

some references to papers that have addressed this problem.

Gregg, M.C.,T. B. Meagher, E. E. Aagaard, and W. C. Hess (GMAH 1981) “A salt-
stratified tank for measuring the dynamic response of conductivity probes”, IEEE
Journal of Oceanic Engineering, vol OE-6, 113-118.

Gregg, M. C., and W. C. Hess (GH 1985) “Dynamic response calibration of Sea-Bird
temperature and conductivity probes”, Journal of Atmospheric and Oceanic

Technology, vol 2(3), 304-313.
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Pressure Sensor Response

SBE
[CIa S
Pressure Response

* A step change in pressure is no
seen in the ocean environm

» Pressure sensor time ¢
an issue
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Dissolved Oxygen Sensor

SBE Dissolved Oxygen Sensor —
SBE 43

Cathode cross section
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Dissolved Oxygen Sensor Response

SBE
[

Dissolved Oxygen Response

Oxygen ml/l
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10 20 30 40 50 60
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Dissolved Oxygen Sensor Response (continued)

g&& Oxygen Sensor Response to Step
Change at Different Temperatures
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The plot above illustrates the effect that temperature has on a dissolved oxygen sensor.
The colder the water that the sensor is working in, the longer it requires to come to a final
value. This phenomenon is observable as upcast and downcast hysteresis. We will

consider how to lessen this effect with the data processing A/ign CTD module in

Module 9.
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Dissolved Oxygen Sensor Response (continued)

%@E The Effect of Temperature on Tau

of a Dissolved Oxygen Sensor

Tau in Seconds

O T T
0 10 20 30

Temperature Degrees C

To induce a change in the oxygen sensor reading, oxygen in the environment must
diffuse through a water boundary layer to the membrane surface. Next it must diffuse
through the Teflon membrane that covers the electrode and into the electrolyte above the
electrode. There a chemical reaction takes place at the electrode surface. The rates of
these processes are temperature dependent. Thus the response of the sensor to a step
change in its environment is temperature dependent. The plot above shows the changes in
Tau for a typical sensor. Nominally, Tau at 20° C is 2 seconds, but varies with the age

and condition of the sensor and membrane.
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CTD Sampling Rates

SBE |
=€ Sampling Rates of Profilers

* SBE 9plus: 24 Hz = 24 times per sec
* SBE 25: 8§ Hz

* SBE 19plus: 4 Hz
* SBE 19: 2 Hz
* SBE 49: 16 Hz

Sea-Bird offers CTDs with sampling rates shown above. The SBE 9plus, with the fastest
sampling rate, produces the most detailed data. The other instruments are less capable but
offer lower price, less complex deployment equipment, and a more compact instrument
package. Not all applications require or benefit from the sampling rates achievable with

the SBE 9plus.
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Sampling Rate and Profiling Rate

SBE
[Cot

package descends

profiling rate of 1 - 2 m/s

— At 1 m/s and sampling at 24 H
taken every 4.2 cm

Interaction of Profiling Rate
and Sampling Rate

* Profiling rate = rate at which instrument

* SBE 9plus / 11plus: Sea-Bird reco

The CTD samples at a fixed rate and the instrument package is lowered through the

ocean at a fixed rate. Consider the SBE 9plus, sampling at 24 Hz and falling through the

ocean at 1 m/s. We would be taking a sample every 4.2 cm.

100 cm sec™ /24 sec' =4.2 cm

Now consider reality. The CTD samples at 24 Hz and the instrument package falls

through the ocean at a nominal 1 m/s. However, the ship heaves, alternately slowing and

lifting the instrument package or dropping and accelerating the instrument package. This

situation is not well enough constrained to assign an exact length scale to our

measurement. We will investigate this problem further in the advanced data processing

portion of the course.
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Sampling Rate and Profiling Rate (continued)

SBE
[Cot

Interaction of Profiling Rate
and Sampling Rate

SBE 25: At 1 m/s and sampling at 8 Hz
— A sample is taken every 12.5 cm

SBE 19plus: At 1 m/s and sampling at
— A sample is taken every 25 cm
SBE 19: At 1 m/s and sampli
— A sample is taken every 5

As discussed earlier, the lower sample rates of the SBE 19, 19plus, 25, and 49
instruments translates into a coarser resolution than that calculated in the SBE 9plus

example. The following page illustrates the impact that sample rate has on resolution.
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CTD Resolution Comparison

SBE
Resolution Comparison

760Resolution with 24Hz, 8Hz, and 2Hz data
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The left-most plot is data collected at 24 Hz with a nominal 1 meter/second lowering
speed. The middle plot is the same data set decimated to 8 Hz to represent the resolution
of the SBE 25. The right-most plot is the 24 Hz data set decimated to 2 Hz, which is
representative of the resolution that would be seen with an SBE 19. The obvious
conclusion is that a faster sampling rate yields higher resolution of temperature structure

in the ocean temperature profile.
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Activity

SBE
Activity: Resolution Comparison

» SBE 25 and SBE 19 were deployed on same instrument package,
compare data
» Run Data Conversion twice, using each data file in
C:\Data\Module6\Resolution\
— Puget25.hex with Puget25.con, and Puget]19.hex with Puget19.con
— Downcast only
— Output pressure, temperature, salinity
— Skip first 300 scans of Puget19.hex
* Run a separate SBE Data Processing (and Sea Plot) on
to see the Pressure - Temperature plots side-by-side
— Plot Setup tab:
Plot type -- Single Y — Multiple X
— Y-Axis tab: pressure, 0 — 40 db
— X-Axis 1 tab: temperature, 9.5 — 9.6 d
* Run each Sea Plot again to see Pre:
— X-Axis 1 tab: salinity, 28.85 —

This activity requires some clever use of the processing software. First, use

SBE Data Processing’s Data Conversion module to convert downcast data from
C:\Data\Module6\Resolution\Puget25.hex. Then run Data Conversion to convert
downcast data from C:\Data\Module6\Resolution\Puget19.hex, but skip the first

300 scans; these are invalid data acquired during the instrument package soak.

Next, run SBE Data Processing’s Sea Plot module, and create a plot for Temperature vs
Pressure of Puget25.cnv, as described in the slide above. Adjust the resulting plot so it
fills half your screen. Now, open another copy of SBE Data Processing and run Sea Plot
again; make a plot of Puget]19.cnv with the same plotting parameters and adjust it to fill

the other half of your screen. How do the plots compare?

Now try Salinity vs Pressure.
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Coordinating Measurements

SBE
Coordinating C, T, and D
Measurements in Time and Space

 Recall that an SBE 9plus sampling at
24 Hz and being lowered at 1 m/s sa
every 4.2 cm

» With this level of resolution,

positioning of sensors m:
in calculated paramet
and density

Salinity is a function of conductivity, temperature, and pressure. The mathematical
relationship that defines salinity in these terms was established in 1978 by a group of

scientists working with the international scientific organization UNESCO.

Salinity must be calculated from conductivity, temperature, and pressure measurements

made on the same water parcel.
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Coordinating Measurements (continued)

ggg Conductivity and Temperature

Measurement Revisited

* SBE 3 thermistor is contained in a
0.75 mm diameter needle that senses an
approximate volume of 2 ml of sea
around it

* SBE 4 conductivity cell me
conductivity of 2 ml of

The active part of the thermometer is found at the end of the slender needle. The volume

of water measured by the end of the needle is approximately 2 ml.

Recall that the conductivity cell is a glass tube containing platinum electrodes;
conductivity is measured on the volume of water that the cell contains, approximately

2 ml.
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Coordinating Measurements (continued)

SBE
[Cot

» Water is pumped past active
element of temperature
sensor and into conductivity
cell at a fixed, constant rate

* Plumbing setup greatly
lessens effects of ship heave
(stops sloshing through cell)

+ Filtering and other data
manipulation is much more
successful because flow rate
1S constant

Coupling T and C
Measurement — the 7C Duct

To ensure that the temperature and conductivity measurements are made on a constrained

water sample, they are plumbed together and the 7-C pair has water drawn through them

with a pump that moves water at a consistent, known speed.

One way to visualize this is as a rod of water that moves into the duct and flows past the

thermometer and into the conductivity cell. The diagram above shows the approximate

size of the water parcel that constitutes a sample.

Because the water sample is pumped through the duct and conductivity cell, it is not
subject to accelerations (sloshing) due to ship heave. This technique of constraining the

sample as it is measured greatly improves the quality of the measurement and facilitates

data manipulation.
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Coordinating Measurements (continued)

SBE
[CCC )
Matching C and T Measurements
0 i wr 0
Timein S I _— Depth [cm]
« SBE 9plus measures seconds | : °7 P . (1 m/s drop)

C,T,and P | B E e
simultaneously { B

* A ducted, pumped,
water stream means
that simultaneous C
and T measurements
are made on different
parcels of water

The SBE 9plus acquisition architecture measures temperature, conductivity, and pressure
simultaneously. Careful examination of the plumbing of the TC duct shows that a water

parcel first encounters the SBE 3 thermistor and then transits into the conductivity cell.

For the most accurate estimate of salinity and density, the data stream must be
manipulated, moving temperature and conductivity relative to pressure to match the

measurements on a parcel of water.

Because the 9plus measures T, C, and P simultaneously, and owing to the distance that
the sample travels in the plumbing of the TC duct and the conductivity cell, the water that
the T sample is taken from at time 0 is actually the same water that the C sample is taken

from during time 2.
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Coordinating Measurements (continued)

SBE
[Coe
Matching C and T continued

* Because water stream is constrained, C and
T measurements may be adjusted relative
time or pressure to match a T measure
on a parcel of water with a C mea
on that same parcel of water

* This alignment of measur:
in SBE 11plus and m:
post-processing

The adjustment of samples in the data stream is taken care of in the SBE 11plus deck unit
and is termed sample alignment. Although we have been discussing the advancement in
terms of an integer number of scans, careful calculation of flow rates, plumbing
distances, and sample rates yields a nominal adjustment of 1.75 data scans. Because the
conductivity cell is plumbed after the temperature, the conductivity channel must be
advanced relative to the pressure and temperature measurements. The next slide

illustrates this with an example.



Module 6: Making Measurements in the Ocean 25

Coordinating Measurements: Aligning Data

@ss@Bs@g Schematic of Real-Time Data
Manipulation for

SBE llplus
Scan Pressure Temperature | Conductivity
0 B, 1y, Cy
1 B T, C,
2 RS 1, ©,
3 1P T C

For example, a value for conductivity at 1.75 scans, C; 75, is calculated by interpolating
between the values for Cjand C,. Cyis set to equal C, 75. Then C; is set to equal the value
obtained from interpolation between C, and Cs. This process continues to the end.

The 11plus can perform this advancement on each of its data channels, with different
advancements for each channel. The amount to advance a channel is entered in seconds.
Recall that the 9plus collects scans at 24 Hz, which equals 0.042 seconds/scan; therefore,

a 1.75-scan advancement equals 0.073 seconds.

You might want to enter advancement values for dissolved oxygen sensors or

fluorometers as well as for conductivity.

The 1.75-scan advancement is a nominal value; changes in flow rate caused by plumbing
changes will necessitate changes in advancement. Similarly, you should consider any
advancement that the 11pl/us makes to your other sensors a nominal value and make your

final decision based on observing the data.
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Coordinating Measurements: SBE 25

SBE Sampling Considerations
for SBE 25
* SBE 25 Samples T, Time ino__ _I;)epth [em]
seconds i (1 m/s drop)

10

then P, then C —
not simultaneous
sampling

* Alignment of data
stream must be done
in post-processing

The SBE 25 has a different sampling order. The alignment of T and C must be done in
post-processing, regardless of whether the SBE 25 is used for internally recording data or
as a real-time instrument with a deck unit. As an internally recording instrument, the
SBE 25 has the capability of averaging samples to increase the memory endurance.
Averaging degrades the resolution of the instrument and makes the alignment of T and C

less effective.

As the diagram shows, T and P are measured simultaneously, with C following. The
SBE 25 has the same pump and TC duct as the 9plus, yielding the same transit time for
water moving past the thermometer and through the cell. A good nominal advance for

conductivity is the same as for the 9plus, 0.073 seconds.
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Coordinating Measurements: SBE 19 and 19plus

SBE Sampling Considerations for
SBE 19 and 19plus

* SBE 19 samples P and T, and finally C
— SBE 19 is not usually ducted

* SBE 19plus samples P, C, and T simulta
— SBE 19plus has an integral duct

+ Alignment for both SBE 19 an
post-processing

The SBE 19 has a different sampling protocol than the SBE 25 and the 9plus. The 19 uses
the same signal condition circuit, an oscillator, to sample both T and C. A relay switches
the oscillator between the thermistor and the conductivity cell. Further, to improve circuit

stability, reference resistors are switched into the oscillator every 120 samples.

The SBE 19plus samples T, C, and P simultaneously. This is an improved protocol over

the 19.

Like for the SBE 25, the alignment of T and C must be done in post-processing,
regardless of whether the SBE 19 or 19p/us is used for internally recording data or as a

real-time instrument with a deck unit.
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Coordinating Measurements: SBE 19 and 19plus

(continued)
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As was mentioned on the previous page, the SBE 19 samples P, then T, and finally C, at a

sampling rate of 2 Hz. Because T and C use the same oscillator, there is separation in the

measurements to allow time for the oscillator to settle into the new frequency after it has

been switched. Alignment of T and C is done in post-processing and, as mentioned

earlier, averaging of scans to improve memory endurance tends to degrade the

instrument’s resolution and make alignment less effective.

The SBE 19plus offers simultaneous sampling of P, T, and C, similar to the SBE 9plus. It

has a sampling rate of 4 Hz. This sampling schedule is an improvement over the SBE 19

and SBE 25.
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Estimating Conductivity and Temperature Resolution

SBE
[Coe
Resolution Example

* SBE 19plus is placed
in 1 degree saltwater

* Inlet to TC duct is
plumbed to 6 degree
water of same salinity

* After instrument
stabilizes, tubp is & degranel
yanked off, yielding a water
step in T and C

We can conduct an experiment to demonstrate the spatial resolution that is possible with
a given set of temperature and conductivity sensors at a specified sampling rate. In our
experiment we have a large tank of saltwater at approximately 1 °C. We remove some of
the water and allow it to warm to approximately 6 °C. The instrument of interest is placed
in the 1 °C water and allowed to equilibrate. The inlet of the temperature and
conductivity sensors is plumbed to the warm water tank and water is pumped past the
sensors at the normal profiling rate. The warm water is pumped into a waste container so
as not to warm the 1°C tank during the test. Data is collected at the highest rate available,
and when the system is stable the tubing is yanked off the inlet to the sensors, producing
a step change. Our interest is in how well we can resolve rapid changes in the water

column in the field. The instrument’s step response is an excellent indication of this.
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Estimating Conductivity and Temperature Resolution
(continued)

[Cot

Step Response Data

TTTTTTTTTTTT

" 95% of
final value

The above plot shows the results of the experiment. The Y axis is time in seconds; this
corresponds to decibars at a lowering rate of 1 meter per second. Note that the
temperature trace lags the conductivity trace, because the SBE 19plus temperature sensor
time constant is approximately 0.5 seconds while the conductivity cell has a time constant

of about 0.030 seconds.

You can observe a large salinity spike produced by the mismatch in the time constants of

the temperature and conductivity sensors.



Module 6: Making Measurements in the Ocean

31

Estimating Conductivity and Temperature Resolution
(continued)

SBE
Temperature and Conductivity
Filtered, Tau = 0.5 sec

Step start

1as]

psed [secol

Tme, Ep
[ T I T R R .

2

We can achieve the best salinity response by filtering the temperature and conductivity
signals to give them the same time constants. It is accepted practice to filter a data

channel forwards and backwards to avoid introducing a phase shift in the data. Because
of this, both the leading and the trailing edge of the step response are smoothed. If only
conductivity were filtered the smoothed leading edge would not match the temperature

channel and a larger salinity spike would result.
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Estimating Conductivity and Temperature Resolution
(continued)

SBE
Temperature Advanced 2 Scans

Tau Test 2sfa? cnv
aaaaaaaaa [50)
s om0 cam am aas

sl ciT S
5% below
==+ _initial value

95% of final value

The next step in the process is to advance temperature relative to time to align the
temperature and conductivity channels. Note that the salinity spike is much reduced;
if the data were bin averaged on 2 decibar bins, the salinity spike would average out of

the data.

Assuming that a 5% below initial value and 95% of final value criteria are acceptable for
the resolution of a step change in temperature and conductivity, the SBE 19plus can
resolve a step change over approximately a 2.25 second interval (corresponds to a

2.25 decibar interval at 1m/s lowering rate). A slower lowering rate will result in a

smaller resolution distance.
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Estimating Conductivity and Temperature Resolution
(continued)

SBE Resolution is Independent
of Step Size

Temperature

5% below initial value|

95% o final value |—|

You might think that the resolution of a step change depends on the magnitude of the
change. Above are plots of the step response of a filter that closely resembles the
temperature response of the SBE 19p/us. It is obvious that the size of the step does not

influence the distance (or time) required to resolve it.
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Activity

(e
Activity: Question and Exam

e Question:
— Can I profile really slowly and get as good re
SBE 19plus as I could with an SBE 9plus?

« Example:

— Use Seasave to look at the SBE 1
C:\Data\Module6\Slow19p\Pal

— Make the following plot:
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2 Module 7: Getting the Highest Accuracy Data

Overview

Care of sensors in field

Calibrations in general

Sensor drift characteristics
Pre- and post-deployment cali

ez (Getting the Highest Accuracy
Data: Profiling

This module covers activities that will improve your data accuracy. Receiving the highest

accuracy data from your instrument requires careful handling and attention to calibration.

While thermometers are very robust and low maintenance, they still require regular

calibration to make sure they are on their historical drift trajectory. A sensor that has a

surface that interacts with the seawater, such as conductivity or dissolved oxygen, is

another matter. These require careful handling, attention to calibration, and field

calibration to assure the highest quality data.

When we finish this module you should be able to:

e Minimize handling-induced problems with your sensors.

e Correct your data for calibration drift.
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Care of Thermometers in the Field

SBE
[

Care of Thermometers in
the Field

* Thermistor-based thermometers are
resistant to mechanical shock

* To avoid drift caused by ex
keep them below 60 °C

» Keep inlet to TC d

SBE 3 thermometers are essentially trouble-free. They are mechanically robust and are

unaffected by extremes in temperature up to 60 degrees C.
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Temperature Sensor Drift Over Time

SBE
Geessss® Temperature Sensor
Drift Characteristics

*  Thermometers
drift in offset o.0010
+ Typical drift rates ™"
for SBE 3F and
3plus and
SBE 19plus are
0.0002 °C/month 0.0010

Temperature sensors tend to drift in offset — that is, the measurements drift in a uniform
way over the entire range of measurement. For temperature sensors, the drift direction is
dependent on the instrument electronics, and is unique to each temperature sensor. This

drift typically continues in the same direction for the entire life of the instrument.

Sea-Bird calculates residual as:
Residual = instrument output — true value

Our calibration certificates always plot the residual on the y axis.

For the plot above, the original calibration in September 1995 shows a residual of 0.
A check of the same sensor in September 1996 shows a residual of 1.24 millidegrees.
As you can see, the residual is fairly constant across the entire range of the

temperature calibration.
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Care of Conductivity Sensors in the Field

gBE Care of Conductivity Sensors

in the Field

+ Conductivity cells are very sensitive
to coatings on inside of cell

_ fouled diameterzj

Salinity Error =35 [1 5
clean diameter

=35(1-(3.998 )2/ (4.0

Conductivity sensors have parts that interact with the seawater. There are 3 electrodes
that are subject to fouling, and a cell that must maintain constant dimensions. As the slide
shows, a 0.001 mm coating will diminish the cell diameter by 0.002 mm, resulting in a
salinity error of 0.035 PSU. A film thickness of 0.001 is not uncommon for oils on the

sea surface. Another source of fouling is bacterial colonization.
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Care of Conductivity Sensors in the Field (continued)

gBE Care of Conductivity Sensors

in the Field

* Primary cause of cell coatings is oil on
water surface

* Rinse with a non-ionic detergent su
Triton-X to remove existing coati

* Rinse with Triton-X befor

oil from being deposit

through sea surfac

Sea-Bird supplies a small amount of Triton-X non-ionic detergent for cleaning
conductivity cells. This will remove any oily coating, and an application before
deployment will keep films from being deposited as the cell goes through the sea surface.
Triton-X is a surfactant. A pre-deployment coating has the added advantage of wetting

the electrodes, giving their surface a higher affinity to water.
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Care of Conductivity Sensors in the Field (continued)

SBE Routine Cleaning of

Conductivity Sensors

» Agitate a warm 50:1 chlorine bleach solution
through the cell

* Follow with a warm 1% - 2% Triton X soluti

* In rare instances, coatings may be inorg
in nature.

— These may be removed with a 10%

* Never run a brush through

— Each platinum foil elec
black and is very deli

The cleaning with dilute bleach and Triton-X may be repeated several times for badly

fouled sensors.

Sea lore has it that in some environments CaCOj; or other inorganic coatings may accrete
on the inside of the cell. This is more likely in a moored instrument. A 10% HCI solution
will dissolve these. Rather than doing this aggressive cleaning yourself, Sea-Bird

recommends that the sensor be returned to the factory for cleaning and inspection.
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Care of Conductivity Sensors in the Field (continued)

gBE Care of Conductivity Sensors

in the Field

* How to tell when cell has sustained physical
damage or is dirty

— Rinse cell thoroughly with distilled or
de-ionized water

— Check sensor frequency (zero

against calibration certific

» Numbers should agree

* Noisy readings indi

Every conductivity calibration certificate has a frequency output for zero conductivity.
This is obtained from a cell thoroughly rinsed in distilled or de-ionized water, with all the
water shaken out. This means there are no electrical paths within the cell. A zero
frequency that has changed by more that a few 10ths of a Hertz may indicate a cell that is
damaged or considerably out of calibration. Noisy readings (+ a few 10ths of a Hertz)

indicate a dirty cell; we suggest a good rinse with dilute bleach and Triton-X.
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Conductivity Sensor Drift Over Time

SBE 4
gessssec Conductivity Sensor

Drift Characteristics

calibration slope
date correction
© 09-Jul-98s  1.000000
O 21-dan-00s  1.000304

+ Conductivity |
SEnsors oo | |
typically drift o ‘
in slope o

0.0000 06—

 Drift rate is \

0.0003 oo -

0.0020 ‘ ‘
|

Siemens/meter/ \S\S\

month o | |
[]

CONDUCTIVITY (Siemens/meter)

Conductivity sensors usually lose sensitivity as they drift. The drift takes the form of a
slope. This is because the conductivity measured by the cell depends on the cell

dimensions, which typically change due to fouling.

Note that conductivity cell drift is often episodic rather than linear. This is because
fouling events often cause the most significant drift. Perhaps the sensor passes through an
oil film when it enters the water, or sits on deck in a warm place full of seawater, growing

bacteria on the cell surface.
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Care of Oxygen Sensors in the Field

SBE  (Care of Oxygen Sensors
in the Field

* Oxygen sensors measure flux of ox
across a Teflon membrane

* The measurement is sensiti

membrane permeability
* The membrane pe
oil or bacterial ¢
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Care of Oxygen Sensors in the Field (continued)

SBE  (are of SBE 43 Oxygen
Sensors in the Field

» Oxygen sensitivity may be maintained by rinsing
the sensor first in 0.1% Triton X and then
distilled water

+ Oxygen sensitivity may be restored by soaking the
sensor first in dilute chlorine bleach and then in
0.1% Triton X, then rinsing in distilled water

» Rinse oxygen sensor in Triton-X prior to
beginning cast to protect membrane as i
through sea surface

In the past, we recommended using Triton X-100 for the combined purpose of degreasing and
discouraging biological growth. We recently discovered that prolonged exposure of Triton X-100
to the sensor membrane is harmful and causes the sensor’s calibration to drift. Our present
recommendation is to continue to use Triton X-100 for degreasing (with a short wash), and to use
a short wash with a dilute chlorine bleach solution to reduce biological growth.

Avoid fouling the oxygen membrane with oil or grease as this directly affects (reduces) the

sensor output.

Preventive Field Maintenance between Profiles: After each cast, flush with a 0.1% solution

of Triton X-100, using a 60 cc syringe, then rinse thoroughly with fresh water. Between casts,

ensure that the membrane remains shaded from direct sunlight and stays cool and humidified.

Routine (post-cruise) Cleaning (no visible deposits or marine growths on sensor) -

Follow this two-step procedure:

1. Soak the sensor for 1 minute in a 50:1 solution of bleach (50 parts de-ionized water to
1 part chlorine bleach). After the soak, drain and flush with warm (not hot) fresh water
for 5 minutes.

2. Soak the sensor for 1 minute in a 1% solution of Triton X-100 warmed to 40 °C. After the
soak, drain and flush with warm (not hot) fresh water for 5 minutes.

Cleaning severely fouled sensors (visible deposits or marine growths on sensor): Repeat

the Routine Cleaning procedure up to 5 times.

Long-Term Storage (after field use): Do not fill the tubing with water, Triton solution,

or Bleach solution.

o Ifthere is no danger of freezing, loop tubing from inlet to outlet. Place a small piece of
clean sponge, slightly dampened with fresh, clean water, in the center of the tubing (not
near the membrane).

o If there is danger of freezing, shake all excess water out of the plenum and loop
tubing from inlet to outlet, leaving the sensor membrane dry.

o To minimize drift during storage, connect 1 end of the tubing loop to the plenum,
displace the air in the plenum and tubing with Nitrogen gas, and connect the other end of
the tubing to the plenum.
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Dissolved Oxygen Sensor Drift Over Time

SBE
sesssss¢ Dissolved O, Sensor

Drift Characteristics

« Dissolved oxygen SBE43 0349
sensors drift in slope ~ * o
¢ Thedriftisa
manifestation
of a decrease
in sensitivity

o

al, (m /1)

A S P -l |,
* Driftis expressed as > v 4
% of full scale/month = £ m\‘“i"
+ Note that because the « - "I\_X
electrode is always -

polarized, the sensor .
drifts on the shelf R i 5 s

Dissolved oxygen sensor drift, like conductivity sensor drift, can be episodic in nature. It
also has similar causes. The sensor depends on the diffusion of oxygen through a Teflon
membrane. Any surface coating that slows the diffusion will affect the sensor sensitivity

and its time response.

The oxygen sensor drifts in slope. The equation that converts sensor output to dissolved

oxygen has a slope term, Soc, which gets larger as the sensitivity of the sensor decreases.
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Care of pH Sensors in the Field

SBE
[CE U=
Care of pH Sensors in the Field

* pH sensors should always be
stored in a buffer solution
saturated with potassium
chloride (KCI)

» The sensor will be damage
it is allowed to dry o

The pH electrode is porous and will dry out if left open to the air. It is always a good
practice to keep it in clean, pH 4 buffer solution that has been saturated with potassium

chloride (KCI). The electrolyte inside the pH sensor is saturated KCI.
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Pressure Sensor Drift Over Time

SBE Pressure Sen§o1j Drift
Characteristics

» Pressure sensors tend to drift in offset

* Typical drift rates are
0.0015% - 0.004% full scale / m:

* This is easily observed on d
a cast

Occasionally, press

Pressure sensors are usually trouble-free. Drifts are generally in offset. The drift may be

read on deck and entered into the coefficient dialog box to make the correction.
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Pressure Sensor Drift Characteristics

SBE g
Cme Pressure Sensor Drift
Characteristics
' o
0.20 +2 dbar
RESIDUAL - - 1T --=-7 —_———_— - T == @ — —
% FSR W : \‘\Q
0.00 ' %’—/’/e
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Here is a plot showing the drift of a 1000 db strain gauge pressure sensor over a 3-year,
4-month period. This sensor meets its drift specification of 0.004% of Full Scale per
month (0.00004/month * 1000 db * 40 months = 1.6 db). Also shown is hysteresis; this
deviation from a linear behavior is within the sensor’s specification for accuracy of

0.1% of Full Scale (0.001 * 1000 db =1 db).
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Converting Sensor Output to Scientific Units

SBE Converting Sensor Output to
MKS, CGS, or Other Units

+ Sensor converts physical property of the environment
to an electrical signal
— SBE 3 converts temperature to an AC signal; frequency
of this signal varies with temperature

+ Sensor output can be frequency or voltage

 Sensor output is converted to MKS via polyno
— For example, a conductivity sensor has frequ
— C=(g+hf2+if3+jf*) /(10 (1 +3t+e
— Coefficients (g, h, i, j) are obtained b;
— 0 and ¢ are nominal values, char:

As we have discussed, a sensor has an active element that interacts with the environment,
and a conditioning circuit that converts the reaction into a signal that is measurable with
normal techniques (e.g., Analog/Digital conversion or counting of a frequency). Having
acquired a digital representation of temperature or conductivity, we need to convert this

into units useful to scientists and engineers.

The simplest sensor might have a linear response to the environmental parameter of
interest. For example, a transmissometer has a simple relationship between voltage output
and percent transmittance of the water within its path:

%T = (slope * voltage output) + offset

Unfortunately, the output of most sensors in response to environmental parameters is a
complex polynomial, often parametric in nature. Consider the equation for conversion
from SBE 3 output frequency to temperature. The response is a polynomial because the
thermistor responds to changes in temperature in a non-linear fashion:

T [°C] =[1/ (g + hln(fo/f) + iln*(fo/f) + jlud(fo/f) )] - 273.15

The conductivity sensor’s response is a polynomial and parametric, because the sensor
has secondary response to temperature and pressure:

C=(g+hf?+if*+jf* /(10 (1 + 5t + ep))
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Converting to Scientific Units: Calibration

SBE
How Do We Calibrate?

* Sensors are placed in a known environment

 Sensor output is collected and compared t
either a physical standard or a referen:
sensor (also called a secondary st

» Examples of physical standa

triple-point-of-water cell
a vial of standard sea

To calibrate a sensor, it is placed in a precisely controlled environment. The output of the
sensor is collected at the same time as the environment is measured with a reference
sensor. The reference sensor is carefully calibrated and has a well-known history. To gain
the careful calibration and history, the reference is calibrated against physical standards
such as the triple point of water and the melting point of gallium, or an agreed-upon

standard such as IAPSO standard seawater.
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Converting to Scientific Units: Calibration (continued)

e Calibration Bath

This bath design is common to all of Sea-Bird’s calibration activities. The baths are
highly insulated and well stirred, and they typically hold temperature to better than
0.0005 °C.
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Converting to Scientific Units: Calibration (continued)

SBE
[CIa S
Calibration Bath Operation

 Bath is a precisely controlled
temperature environment

+ It provides means to draw a wate
for conductivity calibration

+ It provides means of ch
concentration for di
calibration

Baths of this design have been adapted for calibration of all of Sea-Bird’s products. The
basis is precisely controlled temperature and the ability to draw a water sample for
salinity determination. The means to change partial pressures of Oxygen for SBE 43

calibration has been added.
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Converting to Scientific Units: Calibration (continued)

SBE
[CI S
Temperature Primary Standards

* Over oceanographic
temperature range, triple
point of water and
melting point of gallium
are used as primary
standards

* Triple point of water is
0.00997 °C

* Melting point of gallium
15 29.76458 °C

In considering calibration, one runs into the problem of knowing exactly what is the temperature
of a particular object. If we only had thermometers to rely on, how do you know which one is
right? Instead, we use physical standards. The Celsius temperature scale decrees that water
freezes at 0 °C and boils at 100 °C; however, the freezing point and boiling point are subject to
uncertainties such as atmospheric pressure. So, instead of the freezing and boiling point, we use
two other points:

e The triple point - the temperature at which water exists as a liquid, a vapor, and a solid. The

triple point of water is measured in a specially constructed cell that contains no air, only H,0,
and occurs at 0.00997 °C.

e The melting point of extremely pure gallium, 29.76458 °C. This pins down the other end of
the oceanographic scale.

We calibrate platinum reference thermometers at these points and then calibrate reference SBE 3
sensors with the platinum thermometers. This allows us to trace the temperature measurement

used to calibrate all other thermometers back to the physical standards.

Fixed point cells are called this because when they are in the proper condition their temperature is
fixed by the physics of the materials they are constructed of to be a single temperature. The triple
point cells are maintained in a water bath very near their natural temperature. This allows them to
last a long time. The gallium cells are melted slowly in an oven; the temperature where the

gallium changes phase from solid to liquid is used as the calibration temperature.
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Converting to Scientific Units: Calibration (continued)

Transfer Standards

* Standard grade platinum thermometer is
calibrated in triple point of water and
gallium melt

* Special reference SBE 3 thermo
calibrated with platinum the

» All other Sea-Bird the
calibrated with refe

As was previously mentioned, a platinum thermometer is calibrated in the fixed point
cells and then used to calibrate the SBE 3 reference thermometers. The platinum
thermometer is susceptible to calibration shift due to impact or vibration; because of this
it is impractical to use it in routine calibration. The SBE 3s are much more robust. By
careful selection of the SBE 3 and the accumulation of a drift history, very accurate

calibrations can be accomplished.
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Converting to Scientific Units: Calibration (continued)

SBE Conductivity Primary

Standard

» Standard seawater: North Atlantic water
filtered and adjusted to be 35.000 psu

* Used as primary standard for seawater
conductivity measurements worldwi

Unlike temperature, a primary standard for the conductivity of seawater is more difficult
to come by. In recognition of this, IAPSO commissions the Ocean Scientific International
Corporation to provide standard seawater. Ocean Scientific sends small ships out into the
North Atlantic with large tanks to collect seawater. The seawater is filtered and adjusted
in salinity to be 35.000. It is then sealed in vials or bottles and shipped to laboratories
worldwide to be used in standardizing laboratory salinometers. Because everyone uses
the same water to standardize their salinometers, we are all synchronized with Ocean
Scientific. The standard seawater service has been going on for decades under the
auspices of various committees of scientists. It was first produced by a laboratory in

Copenhagen and was initially dubbed Copenhagen water.
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Converting to Scientific Units: Calibration (continued)

SBE
JCTECECC
Pressure Standards

* Digiquartz pressure
Sensor serves as
secondary standard for
all instruments

For instruments that have a strain gauge pressure sensor (Druck, Paine, Ametek, etc.), a
complete pressure calibration is performed at Sea-Bird, using our Digiquartz pressure

sensor as a secondary standard.

For instruments (SBE 9plus, 26plus, 53, etc.) that have a Digiquartz pressure sensor, a
true calibration of the sensor is performed by the pressure sensor manufacturer. The
quality of the Digiquartz is such that an adequate calibration requires a local gravity
survey and dead weight tester parts that are certified by the National Institute of
Standards and Technology. These requirements, plus the stability of the Digiquartz
sensor, make the maintenance of this capability not cost effective for Sea-Bird. However,
we do perform a slope and offset check of the pressure sensor in these instruments, using

our Digiquartz pressure sensor as a secondary standard.
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Converting to Scientific Units: Calibration (continued)

SBE
[
Dissolved O, and pH Standards

* Winkler titrations for Dissolved Oxyge
+ Standard buffer solutions for pH

Dissolved oxygen sensors are calibrated in a bath that is plumbed with oxygen and
nitrogen inputs. As gas concentrations are varied during calibration, Winkler samples
are collected. These are titrated for dissolved oxygen concentration during the time of

the calibration.

pH sensors are calibrated with commercially available buffer solutions.
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Converting to Scientific Units: Calibration (continued)

SBE
[Co

Calibration Certificates

* Calibration Coefficients are arrived at by
mathematically fitting calibration data
to an equation

» Certificates list coefficients and
convert sensor output to M

+ A plot and table of resi
an indication of go

The calibration certificate is a listing of all the information required to convert sensor
output to scientific units. There is also a table of calibration data and a plot of residuals
that indicates a goodness-of-fit. Residuals are expressed as the difference between the

instrument parameter and the bath parameter (the #rue value):
residual = instrument — bath

If the residual is positive, the sensor is reading high of reality; if negative, the sensor is

reading low.
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Using Calibrations to Improve your Data

SBE
[

Using Pre/Post-Cruise
Calibrations to Adjust Dat

* Pre-cruise calibrations indicate state
sensor before data is collected
e Post-cruise calibrations indi
changed during time da

* Slope and/or offse
calibration coe
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Temperature: Using Calibrations to Improve your Data

SBE Temperature Pre/Post-Cruise
Calibration Example

SBE3 2242 Temperature

e Ce]
0.003 + 30-Dec-98 0.00

0.002 + 26-Jan-99 -0.15
r (average residual
in millidegrees C)

0.001 |

0.000 -

)
-
-
;
1
I

Residual

-0.001 |

-0.002 +

~0.003 T o

-5 0 5 10 15 20 25 30
Temperature

Temperature drift is shown to the right of the plot and is expressed as the average

residual. The residual is the instrument temperature — the true temperature.
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Temperature: Using Calibrations to Improve your Data
(continued)

SBE Temperature Pre/Post-Cruise
Calibration Example

* Sensor in previous slide is found to have
drifted -0.000006 Degrees/day between
December 30% and January 26™

* Offset entry in .con file is changed to
appropriate drift for each cast

The SBE 3 in the previous slide drifted -0.00015 degrees over 27 days, this is
-0.000006 degrees per day.

Application Note 31 has a detailed discussion of correcting thermometers with pre-cruise
and post-cruise calibrations. Briefly, calibration coefficients are calculated with the post-
cruise calibration. Using the post-cruise calibration coefficients and the pre-cruise
calibration data, a mean residual over the calibration temperature range is calculated. The
residual is the (instrument temperature - bath temperature). The mean residual is divided
by the number of days since the pre-cruise calibration. This number is the offset per day.
The offset per day is multiplied by the number of days between the pre-cruise calibration
and the day the data was collected to get the offset that should be entered into the

configuration file.
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Temperature: Using Calibrations to Improve your Data
(continued)

SBE ,
cessess¢ Temperature Pre/Post-Cruise

Calibration Example

* A cast taken on
11 January 1999 i‘b't:‘ l:?:m—
‘alibration date l—
would then have an . [
offset of +0.0001 H et
* Note the offset is | e
added, so to remove I oo
negative drift a P fmom
posittive gumber Z';’t ‘D'ZEE?WU”
1s entere

Us=AD |

As we noted in the previous slide, the SBE 3 drifted -0.00015 degrees over 27 days, this
is -0.000006 degrees per day. Because we are adding an offset in the .con file, we need to
reverse the sign of the residual before entering it in the .con file (i.e., we need to add an
offset of +0.000006 degrees per day). The first day of the cruise is January 11
Therefore, the offset will be +0.000072 (0.000006 degrees/day x 12 days since the
calibration) and will increase +0.000006 every day of the cruise. In the slide above we

have rounded the offset to +0.0001.
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Conductivity: Using Calibrations to Improve your Data

SBE Conductivity Pre/Post-Cruise
Calibration Example

0002 SBE4 2501

[@7] 20-Sep-00 0.9999230
[A] 16-Feb-01 1.0000000

0.001

0.000

Residual, (S/m)

Conductivity sensors usually lose sensitivity as they drift. The drift takes the form of a
slope. This is because the conductivity measured by the cell depends on the cell

dimensions, which typically change due to fouling.
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Conductivity: Using Calibrations to Improve your Data

(continued)

BATH T
0.
-1.
1.
15.
18.
29.
32.

0000
4418
0179
1720
6482
0558
6136

16 February 2001

BATH C INST FREQ INST C
0.00000 2.59209 0.00000
2.79561 4.97998 2.79564
3.00801 5.11588 3.00798
4.33156 5.89228 4.33155
4.67950 6.07982 4.67950
5.76438 6 5

6.14700 6 6

.63029 5.76441
.81369 6.14698

The 16 Feb 2001 data produces

the coefficients below

g=-1.03792385e+001
h= 1.54567700e+000
i=-7.48606670e-004
j= 1.54113205e-004

These coefficients are used with
the 20 Sept 2000 data to produce
the residuals on the right

SBE Dectermining Conductivity Slope

p SBE42501
RESIDUAL || N| ke
0.00000 \
0.00003
-0.00003 || - \YJ‘
-0.00001 || £ e
-0.00000 || <
0.00003 | 2
-0.00002 || =
Conduty (Semensin)
20 September 2000
BATH T BATH C INST FREQ INST C [RESIDUAL
0.0000 0.00000 2.59204 0.00000}0.00000
-0.9990 2.82081 4.99636 2.82092|0.00011
1.4948 3.03624 5.13381 3.03642]0.00018
15.9426 4.38866 5.92366 4.38901|0.00035
19.1702 4.71177 6.09713 4.71217|0.00040
29.7417 5.81272 6.65398 5.81323]0.00051
33.4512 6.21050 6.84389 6.21098]0.00048

Conductivity slope is determined by calculating calibration coefficients using data from

one calibration date and applying the coefficients to data from another calibration date.
Note that the residuals (instrument conductivity — true conductivity) are very small for
the 16 February 2001 data. Using the calibrations coefficients calculated from the

16 February 2001 calibration data to calculate instrument conductivities results in the

larger residuals seen in the 20 September 2000 data. The results of this show the error

that would be incurred from calibration drift.
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Conductivity: Using Calibrations to Improve your Data
(continued)

SBE Conductivity Pre/Post-Cruise
Calibration Example

» Sensor in previous slide is found to have drifted
with slope (postslope) of 0.999923 between
16 February 2001 and 20 September 2000:
140 days

+ Slope entry in .con file (islope) for
11 January 2001 (day 104 of 140) is 1.
+ Slope entry in .con file is changed
appropriate drift for each cast

Refer to Application Note 31 for a detailed discussion of how to apply pre- / post-cruise
calibrations to SBE 4 conductivity sensors. Briefly, a calibration is done before and after
the cruise. Let alpha be the conductivity that the instrument measured in the pre-cruise
calibration, calculated using post-cruise coefficients. Let beta be the true conductivity of
the pre-cruise calibrations. Then:

Sap

postslope = =

n

Zaﬂi
i=1

Where:
1= 1..n calibration points

The interpolated slope, which is entered in the coefficient dialog box, is:

. b 1
islope =1 + (—j (— — 1]
n )\ postslope

Where:

n = the number of days between pre- and post-cruise calibrations

b = the number of days between pre-cruise calibration and the cast to be corrected

islope = the interpolated slope, which is entered as the slope in the coefficient dialog box
postslope is calculated above

Example: Calculate islope for day 104 (11 January 2001) using calibration data
from previous slide -

postslope = 0.999923 (at top right of calibration sheet in previous slide)

islope =1+ (104 /140) [ (1/0.999923) — 1] =1.000057
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Conductivity: Using Calibrations to Improve your Data
(continued)

SBE Conductivity Pre/Post-Cruise
Calibration Example

=
* A cast taken on e —

Seialnumber  [zmor
11 January 2001 Calbrationdale  [a0septzonn |

would then have & [T

slope of 1.000057 H [t
| e

» Typical slope N
corrections may N o —

CPcor W
be calculated on s [T

weekly interval T T —
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Oxygen: Using Calibrations to Improve your Data

2BE Dissolved O, Pre/Post-Cruise

Calibration Example

oxygen (ml/l) = (Soc * (v + offset) + Boc * exp(-0.03 * 1)) * exp(Tcor * t) * Oxsat(t, s)
Residual = instrument oxygen - bath oxygen
calibration delta Ox
1.000 date /1]
@© 22-May-01 0.0008
O 18-4un-01 -0.0871

0.500
RESIDUAL

/Ly o

&

Y-

0.000 B

-0.500

-1.000
[

OXYGEN (ml/L)

Dissolved oxygen sensors are expected to drift in a similar manner to conductivity. For
chemical reasons, they lose sensitivity over time. The equation for calculating oxygen
concentration from sensor output has a slope term, Soc, and an offset term, Boc. It is

expected that Soc will slowly increase with time, indicating a decrease in sensitivity.
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Oxygen: Using Calibrations to Improve your Data

(continued)

Soc 0of 0.35

27 days; Soc will change 0.0007/

* Soc entry in .con file is cha
appropriate drift for eac
for accuracy determi
Soc update

The oxygen sensor calibration sheet provides the value for Soc (that portion of the

calibration sheet is not shown in the previous slide).

sweseese  Dissolved O, Pre/Post-Cruise
Calibration Example

 Sensor in previous slide is found to have
a beginning Soc of 0.3322 and an ending

* Length of time between calibrations i

Note that this strategy of drift correction assumes a uniform, linear change over the time

between calibrations. A sensor that is handled carefully, both in deployment and on deck,

will exhibit this behavior. However, fouling of the membrane by either oils or bacteria

will result in a drift of a more episodic nature.
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Oxygen: Using Calibrations to Improve your Data
(continued)

SBE Dissolved O, Pre/Post-Cruise

Calibration Example

e A cast taken on Ouygen, SBE 43
22 May 2001 would Seidrumber [oogz |

then have an Soc e pT—
0f 0.3322 O —
* A cast taken on Boc [ooms
have an Soc of 0.338 i —
Tau lm—

Cancel |

A word about Tau:
Tau, a coefficient that is part of the Owens and Millard equation, relates oxygen sensor
electrode current to dissolved oxygen concentration. Its purpose is to sharpen the oxygen

sensor response to time by the inclusion of a derivative term in the equation.

Owens and Millard:
OX =[Soc * (oc + tau * doc/dt) + Boc] * OXSAT(T,s)*exp(tcor * [T + wt * (To - T)] + pcor * p)

Where the parts of this equation pertinent to this discussion are:

OX = oxygen concentration

Soc = Slope coefficient

oc = oxygen electrode current

tau = the coefficient we are discussing

doc/dt = the change in electrode current with time

Thus, Tau sharpens the response by adding a term dependent on the change of electrode
current with time. This is an imperfect representation of the behavior of the sensor.
Because of this, Sea-Bird recommends that Tau be set to zero. It is an entry in the

calibration coefficients because it is still present in the equation. If you feel that your

sensor could benefit from sharpening, feel free to experiment with Tau.
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Calculating Parameters with SeacalcW

[CT TS
Seawater Calculator: SeacalcW

4 SeacalcW Version 1.0 P ] 4

Pressure (dbar) = 3.000 Depth, salt (m) = 2.983
BT Depth, fresh (m] = 3.068

6] = 2.nooono
Rrell =) T Sigmart (kg/m™3) = 39.64391
Temp (ITS-90) = 13349520 Sigmartheta (ka/m™3) = 38,6434
Conductivity (Srm) = 4200000 Sigmactef (kg/m"3) = 3964334
Salinity (PSU) = 149 52440 Pot Temp (ITSEB dag C) = 1.93976
Reference Press (dhar) = n.00 Sound Vel. Chen (m/s) = 1477.343
Laitude (Deg) = a0 Sound Vel Wilson (m/s) = 1475.656

Sound Vel DelGrosso {m/s) = 1477.160

Help Ca\gu|a|gl Specol Anom (m”3/Kg/1078) = -1079.347

Oygen Saturation (ml/) = 6.926
Gravity (m/s"2) = 9.780318

SeacalcW is a seawater calculator in SBE Data Processing that computes a number of
derived variables from one user-input scan of pressure, temperature, and either

conductivity or salinity.

¢ You can enter temperature in ITS-68 or ITS-90; SeacalcW automatically

computes the other value.

e SeacalcW remembers whether you last changed conductivity or salinity, and
calculates other parameters based on this. For example, if you change
conductivity, salinity is recalculated; if you then change temperature, salinity is
recalculated again (based on input conductivity and temperature). Conversely, if
you change salinity, conductivity is recalculated; if you then change temperature,

conductivity is recalculated again (based on input salinity and temperature.
e Reference pressure is used only to compute Sigma-ref.

e Latitude is used only to compute gravity and salt water depth.
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Activity: Correct T & C via Pre / Post-Cruise Calibrations

Corrected CTD
Pressure CTD CTD | Uncorrected | Corrected | Corrected | Corrected | Water Bottle | Salinity- Water
do | Temperature | Conductivity| CTD Salinity| CTD Temp | CTD Cond| CTD Salinity | ~ Salinity Bottle Salinity
4.9 240798 | 5236377 | 35.1885 35.2055
519 6.6922 3439905 | 34.0769 34.0848
850.6 4.4142 3.276592 | 34.3667 34.3738
1000.8 4.003 3.254754 | 34.4616 34.472
1202.3 3.5221 3.224822 | 34.5083 34.5148
1401 3.039 3.193778 | 34.5452 34.5503
1599.6 2.6724 3.171902 | 34.5692 34.5769
1800.5 2.3456 3.153669 | 34.5947 34.601
1999.1 2.1309 3.1445 34.6131 34.6194
2200.8 1.9531 3.138118 | 34.6259 34.6351
2400.2 1.7884 3132729 | 346392 34.6463
2601.2 1.6718 3.131169 | 34.6486 34.6562
2798.9 1.5911 3.132338 | 34.6563 34.6645
3000 1.5372 3135717 | 34.6623
3200.1 1.4927 3.1397 34.6674 34.676
3399.7 1.4739 3.145626 | 34.6708 34.6789
3600.3 1.4587 3151747 | 346737 34.6829
3800.4 1.4465 3.157985 | 34.6763 34.6846
4001.5 1.4537 3.165678 | 34.6772 34.6853
4201.2 1.4608 3.173241 | 34.6785 34.689
4401.9 1.4766 3.181421 | 34,6790 34.6871
4500.7 1.4868 3.185577 | 34.6788 34.6883
4600.8 1.4969 3.180761 | 34.6789 346883
4809.4 1.5119 3.19792 34.6795 34.6884
Note: Cruise date is 15 December 1999, Julian day 348.
(dates from calibration sheets) Temperature Conductivity
Pre-cruise calibration 23 November 1999, Julian day 326 17 June 1999, Julian day 167
Post-cruise calibration 28 December 1999, Julian day 361 30 December 1999, Julian day 363

Use the calibration data from the C and T calibration sheets on the following pages to answer these
questions and fill in a few rows of the table:
1. Calculate a temperature offset for the cruise; apply the offset to the temperature data.
2. Calculate a conductivity slope for the cruise; apply the slope to the conductivity data.
3. Calculate corrected CTD salinity with SeacalcW. Compare the corrected CTD salinity to the salinity

measured from the water bottle samples.
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Corrected T and C using Pre-/ Post-Cruise Calibrations

Corrected CTD

Pressure CTD CTD Uncorrected | Corrected | Corrected | Corrected | Water Bottle | Salinity- Water

db Temperature | Conductivity | CTD Salinity | CTD Temp | CTD Cond | CTD Salinity | ~ Salinity Bottle Salinity
4.9 24.0798 5.236377 35.1885 24.0798 | 5237190 | 35.1947 35.2055 -0.0108
519 6.6922 3.439905 34.0769 6.6922 | 3.440439 | 34.0828 34.0848 -0.0020
850.6 44142 3.276592 34.3667 44142 | 3.277101 | 34.3726 34.3738 -0.0012
1000.8 4.003 3.254754 34.4616 4003 | 3.255259 | 34.4676 34.472 -0.0044
1202.3 3.5221 3.224822 34.5083 3.5221 | 3.225323 | 34.5143 34.5148 -0.0005
1401 3.039 3.193778 34.5452 3.039 | 3.194274 | 34.5511 34.5503 0.0008
1599.6 2.6724 3.171902 34.5692 26724 | 3172395 | 34.5753 34.5769 -0.0016
1800.5 2.3456 3.153669 34.5947 2.3456 | 3.154159 | 34.6006 34.601 -0.0004
1999.1 2.1309 3.1445 34.6131 21309 | 3.144983 | 34.6191 34.6194 -0.0003
2200.8 1.9531 3.138118 34.6259 1.9531 | 3.138605 | 34.6319 34.6351 -0.0032
2400.2 1.7884 3.132729 34.6392 1.7884 | 3.133216 | 34.6452 34.6463 -0.0011
2601.2 1.6718 3.131169 34.6486 1.6718 | 3.131655 | 34.6547 34.6562 -0.0015
2798.9 1.5911 3.132338 34.6563 1.5911 | 3.132824 | 34.6623 34.6645 -0.0022

3000 1.5372 3.135717 34.6623 1.5372 | 3.136204 | 34.6682

3200.1 1.4927 3.1397 34.6674 14927 | 3140183 | 34.6735 34.676 -0.0025
3399.7 14739 3.145626 34.6708 14739 | 3.146115 | 34.6768 34.6789 -0.0021
3600.3 1.4587 3.151747 34.6737 1.4587 | 3.152236 | 34.6796 34.6829 -0.0033
3800.4 1.4465 3.157985 34.6763 14465 | 3.158475 | 34.6823 34.6846 -0.0023
4001.5 1.4537 3.165678 34.6772 1.4537 | 3.166170 | 34.6832 34.6853 -0.0021
4201.2 1.4608 3.173241 34.6785 14608 | 3.173734 | 34.6845 34.689 -0.0045
4401.9 1.4766 3.181421 34.6790 14766 | 3.181915 | 34.6851 34.6871 -0.0020
4500.7 1.4868 3.185577 34.6788 14868 | 3.186072 | 34.6849 34.6883 -0.0034
4600.8 1.4969 3.189761 34.6789 1.4969 | 3.190256 | 34.6849 34.6883 -0.0034
4809.4 1.5119 3.19792 34.6795 1.5119 | 3.198417 | 34.6856 34.6884 -0.0028
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2 Module 8: Getting the Highest Accuracy Data, Continued

Overview

SBE Getting the Highest Accuracy
Data: Profiling (continued)

* Field calibrations
— Pressure
— Temperature
— Conductivity
— Dissolved O,

* As good as it gets:

We are going to continue our discussion of methods to ensure the accuracy of profiling
equipment, and then we will discuss data from autonomous profilers. We will see that
the human influence on conductivity sensors is the greatest obstacle to good conductivity

data.
At the end of this module, you should be able to:
e Field calibrate your CTD and Dissolved O, sensors.

e Have heightened awareness about the handling of your conductivity sensor.



Module 8: Getting the Highest Accuracy Data, Continued 3

Field Calibrations

SBE
e Field Calibrations

* Pressure
— Slope and offset, typically use offset only
— Best practice, measured in the lab against a barometer
— In a pinch, on deck (We know where sea level is, right?)
» Temperature
— Slope and offset, typically use offset only
— Reversing thermometers
— SBE 35 reference thermometer
» Conductivity
— Slope and offset, typically use slo
— Discrete salinity samples
+ Dissolved oxygen
— Calibration equation
— Discrete sample

The .con file has entries for slope and offset for all standard sensor types except dissolved
oxygen. These entries are the means to make adjustments in the sensor calibration by

using field observations.

The .con file does not have slope and offset entries for dissolved oxygen sensors.
For the SBE 43, the calibration coefficients Soc and Voffset are adjusted through
comparison to Winkler titrations of discrete samples. For older oxygen sensors, Soc and

Boc are adjusted.
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Field Calibrations: Pressure

SBE
JCT T
Pressure Offset, in the Lab or Field

* Physically locate the instrument in the orientation
that it will have when deployed

* Make your offset measurement in a constant
temperature environment, with the instrument
temperature the same as the environment

* Measure your offset

— Best practice, measure your offset agains
— In a pinch, measure your offset agains
* Maintain a log to observe press

This discussion is primarily intended as a guide for the SBE 9p/us with a Digiquartz
pressure sensor. However, the technique is sound for all pressure sensor types regardless

of sensitivity.

All pressure sensors are sensitive to their orientation, primarily because of gravity’s pull
on the fluids that fill their capillaries. To correct for this orientation effect, determine the

offset with the instrument in the same orientation that it will have when you deploy it.

Pressure sensors exhibit a transient change in their output in response to changes in their
environmental temperature. Sea-Bird instruments are constructed to minimize this by
thermally decoupling the sensor from the body of the instrument. There is still some
residual effect, and the instrument should be allowed to equilibrate in a reasonably

constant temperature environment.

Measure the offset required to zero the pressure sensor with a barometer and convert to
decibars for the entry in the .con file. As the next slide shows, a log of these offsets can
provide good confirmation about the drift rate and show when the sensor needs

maintenance.
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Field Calibrations: Pressure (continued)

SBE )
Co Drift of SBE 9plus
Pressure Offset
0
-1 4 .
o -2 * &
£ 5 M
g
% 5 L4
§ s e ens * -
71 TS
-8 T
o%%é %, . ‘%%% ‘é%% X ‘%,06& %,%@ %, o%%é
%9, Of:&} (] s &‘%

This sensor shows a typical drift until October 1995, when it begins to change in a more
random manner. The random behavior indicates that it is time for a calibration and test by

the factory.
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Field Calibrations: Pressure (continued)

SBE
JCT S
Temperature Effect on Pressure
-1.00 pressure [db] 2.00
0 T T T T T T T T T T T T T T T T T I T T T T T T T T T
Pj T
E —— i
£l ) N
: P
7
{1
] |
mowoouuuu||\|\uu\|u|||\

temperature, ITS-90 [deg C] 30.00

As we mentioned earlier, the SBE 9plus pressure sensor exhibits small pressure
excursions in response to rapid changes in temperature. If you are attempting to
determine an offset for the pressure sensor in the field, you must take care that the
instrument is equilibrated in temperature with its environment. As the plot shows, if you
pull the instrument up from a very cold depth, it can take 4 to 5 hours for the pressure
sensor to completely equilibrate. It is for this reason that Sea-Bird recommends a

laboratory determination of offset in relation to a barometer.
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Field Calibrations: Pressure (continued)

[Co

Pressure Offset in the Lab

»  With offset in .con file set to 0.0, pressure measure:
should equal barometric pressure
 Calculate offset (db) = barometer reading —
— Conversion of psia to decibars: decibars =
» Enter calculated offset in .con file
« Example:
— CTD reads -2.5 dbars

— Barometer reads 14.65 psi
(14.65 - 14.7) * 0.68

— offset (db) = bar
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Field Calibrations: Pressure (continued)

SBE
[Co g

* Pressure offset is
entered with the
calibration coefficients = rwsw

Entering Pressure Offset

Pressure. Digiquartz with TC

il -5.101973e+004
== 6.650125¢-001

o1 [F34zm0ge00z
Dz [0.000000=+000
T [2879507e-001
T2 [Feemaee00s
T3 |ESESEST
Ta [0oo0o00=~000
T5 [0O00000=+000
Slope  [0Ssgressn
offset  [Ev2000
AD530M  [T747000s002
ADSS0B  [E563980e+000

Cancel
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Field Calibrations: Temperature

SBE
[

Field Calibrations, Temperature

* Mercury deep sea reversing thermometers
have an accuracy of + 0.002 °C

* Electronic deep sea reversing thermometer
have an accuracy of + 0.002 °C, but ¢
read to +0.001 °C

» SBE 3 has an accuracy of +
* SBE 35 has an accuracy

Traditional mercury deep-sea reversing thermometers are not capable of resolving temperature
accurately enough to field calibrate the SBE 3. Nor do electronic deep-sea reversing
thermometers have the accuracy for field calibrations. Sea-Bird markets a deep-sea standards
thermometer, the SBE 35, which has the physical configuration to allow calibration in a triple

point cell or a gallium melt cell.

However, you have to be very careful making field calibrations of deep-sea thermometers,
because the distance between the two thermometers can make a great difference in the water they
measure. Additionally, the part of the ocean used for comparison must change temperature very

slowly, to avoid artifacts due to location on the sampling package and time constants.

A further difficulty is that the part of the ocean that changes most slowly is the deepest and
coldest part. This means that field calibrations may be carried out over a small part of the
temperature range of interest. The paper cited below discusses the authors’ experiences and the

1ssues discussed above.

It is best to use pre- and post-cruise calibrations for correction of temperature data.

In-situ Temperature Calibration: A Remark on Instruments and Methods, G. Budeus and W.
Schneider, Alfred-Wegener-Institut fiir Polar- und Meeresforschung, Bremerhaven, Germany, Int.
WOCE Newsletter, #30, March 1998, 16-18.
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Field Calibrations: Conductivity and Dissolved Oxygen

Geesssst  Field Calibrations, Conductivity
and Dissolved Oxygen

* These require water samples
— Laboratory determinations of sali
— Winkler titrations of dissol
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Field Calibrations: Discrete Sampling

@sgg@g Field Calibrations:

Discrete Samples

* You must take your samples in parts of
water column where change in parameter
interest is small compared to size of
underwater package

 Important point: sometimes
bottles leak!

Most instrument packages are more than a meter tall. If you take your samples for field
calibrations in a part of the water column where the salinity or oxygen concentration is
changing rapidly, you will not get a good sample for calibrating. Not only is there mixing
of the water inside the water sampler, but you will be comparing a large mixed sample

with a virtual point sample from the sensors.

Often the surface of the ocean is well mixed and provides good field calibrations for one
end of the scale. And the deep ocean offers plenty of water where salinity and oxygen is

changing very slowly for the other end of the scale.
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Field Calibrations: Discrete Sampling (continued)

@ssg@g Field Calibrations:

Checking for Leaks

* Run underwater package down deep to nice,
uniform water

* Close all water bottles
» Run salinities on each water bottle
» Compare salinities, fix leaker

A water bottle consists of a plastic tube with top and bottom caps. The caps are sealed
with o-rings and held in place with a spring or elastic tube. Consider that the instrument
package moves through the water column on average at 1 meter per second, and faster
when the ship heaves. Leaky o-rings or weak springs can allow an exchange of water
between the captured sample and the ocean as the instrument package is brought to the
surface. It is good practice to take the instrument package down to a depth where the
salinity is changing very slowly, and then close all the sample bottles. Using this method,
any leakers will be obvious when the laboratory salinity samples are run. Repair or
replace any bottles that leak, or only use bottles that have been shown not to leak in

field calibrations.
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Field Calibrations: Discrete Sampling (continued)

SBE
[Cot

Field Calibrations:
Where to Sample

0001a001.dat: 1999 Station 1 HOT data, down and up cast
oxygen [ml/1]

1100

Use samples from depths showing the most uniformity in the parameter you are most

interested in.
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Field Calibrations: Conductivity

SBE .
©eeesse Variability in the Surface Layer

Pressure [dbar]

. 0 0.02 0.02 0 0.02
Salinity (CTD-Bottle) Salinity (CTD-Bottle)

0.02 0 0.02
Salinity (CTD-Bottle)

These data are taken from 3 cruises off Hawaii. The problem with using the surface layer

to correct CTD conductivity is obvious.

L. Tupas, et al., Hawaii Ocean Time-series Data Report 9, 1997. University of Hawaii,
School of Ocean and Earth Science and Technology. page 21
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Field Calibrations: Conductivity (continued)

SBE
[Co g
Variability at 50 and 100 meters

e Data was collected at 10-minute intervals

50 Meter Mooring in Equatorial Pacific 100 Meter Mooring in Equatorial Pacific

34914 353

34912 352 n
n.fm\"\ RNl Py
f T f

34.91

35 ’(
>
£ 34008 v £ w8
3 3906 \\ & 347
34.904 346
345 i

34.902 e~V *

349
00000 11200 22400 33600 44800  6:00:00 00000 11200 22400 33600 44800  6:00:00
Time Time

This slide shows data from a mooring near the equator. The 50-meter mooring data
shows a change in salinity that might be from tidal influence. The change observed here
is of similar magnitude to the correction that might be applied to CTD data based on the
difference between discrete samples and the CTD.

The 100-meter mooring data shows changes in salinity that might be caused by internal
waves in the thermocline. Changes of this magnitude over this time interval will cause a

large and real difference between the upcast and downcast.
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Field Calibrations: Conductivity (continued)

@ss@gsg Field Calibrations

of Conductivity

* Correct pressure and temperature first
 Correct conductivity, not salinity!

0 — 10% of salinity error is due to
pressure error

10 - 30% of salinity error i
temperature error

Because the equation that converts the conductivity sensor output from frequency to
conductivity includes pressure and temperature as well as frequency, it is necessary to
correct pressure and temperature before correcting conductivity. The usual reason for
collecting conductivity data is to calculate salinity. Examining the salinity equation, up to
10% of a possible salinity error could be in the pressure term, 10 — 30% in the
temperature term, and the remainder in the conductivity term. It is well worth correcting

pressure and temperature in addition to conductivity.
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Field Calibrations: Conductivity (continued)

SBE
[C S
Field Calibrations of Conductivity

* As with pre\post-cruise calibrations,
correct conductivity with slope:

> as,

slope = =

The summation symbol, Sigma ( Y ), denotes the addition of a series of values. The script
on the bottom of the ) is the index of the starting value, the script on the top is the ending
value. We wish to use all suitable samples so we will start with one and end with n, the

total number of samples.

Example:
Suppose we had 2 salinity samples to go with our CTD cast. The conductivity of these
water samples is determined by a laboratory salinometer and paired with CTD data from

the corresponding depths.

CTD Conductivity Salinometer Conductivity
2.1234 2.1244
4.1234 4.1244

(2.1234 *2.1244) + (4.1234 * 4.1244)
(2.1234 %2.1234)+ (4.1234 * 4.1234)

slope =

slope =1.00029
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Field Calibrations: Conductivity (continued)

SBE
[Coe
Example Conductivity Correction

* Raw data is shown below

* Note that CTD temperature shown
is ITS-90

CTD CTD
pressure | temperature

202.7 18.3880
1008.8
4064.1

This example is a slight variation of the example in Application Note 31. You would find

the CTD data in your .ros file, which is created by the Data Conversion module.



Module 8: Getting the Highest Accuracy Data, Continued

19

Field Calibrations: Conductivity (continued)

g&g Step One:
Conductivity Correction

» Correct P for +0.5 dbar error
e Correct T for +0.0015 °C error
» Recalculate CTD salinity for comparison to Bottl

Corrected | Corrected
CTD CTD
pressure | temperature

202.2 18.3865
1008.3 3.9816
4063.6

Temperature and pressure are corrected first. CTD salinity is recalculated only for

comparison to the bottle salinity. We will be correcting conductivity, not salinity.
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Field Calibrations: Conductivity (continued)

SBE
[Cot

Step Two: Conductivity Correction

+ Bottle conductivity is calculated at CTD correcte
T and P using SeacalcW

* Note slope shown in CTD — Bottle con

CTD
conductivity

4.63421
3.25349
3.16777

The numbers in the column labeled CTD — Bottle conductivity are not constant. Rather,

they have the slope we have been harping on.
Let’s look at calculating the slope:

n

2 ab
i=1
n

Z a,a;
i=1

slope =

Slope =

(4.63421 * 4.63481) + (3.25349 * 3.25398) + (3.16777 * 3.16822)
(4.63421 * 4.63421) + (3.25349 * 3.25349) + (3.16777 * 3.16777)

=1.000138
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Field Calibrations: Conductivity (continued)

SBE
[Coe
Step Three: Conductivity Correction

» Slope calculated from previous slide is 1.000138

» Place slope in slope entry of conductivity calibration coefficients;
Corrected CTD conductivity = CTD conductivity * slope

» Corrected CTD salinity is calculated from corrected CT
conductivity shown here, and corrected temperature
from Step 1

Corrected CTD Corrected CTD
conductivity salinity

4.63485
3.25394
3.16821

The correction puts the CTD salinities much closer to the bottle salinities. You may be
wondering what to do if you collect bottle salinities with every cast and have many casts
in a cruise. It would be a bit onerous to make this calculation for every cast and process
each cast with a different offset. Usually, making this calculation and changing the slope
value in the conductivity sensor’s calibration coefficients each week is sufficient.
However as we have discussed, fouling is often an event. This being the case, careful
scrutiny of your data is warranted to ensure that you catch these events and change the

slope correction accordingly.
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Field Calibrations: Dissolved Oxygen

SBE
SEsesess Field Calibrations:

Correcting Dissolved O,

+ Dissolved oxygen sensors drift in slope,
like conductivity

There are two mechanisms at work in oxygen sensor drift. Since the electrode remains
polarized throughout its life, the electrolyte gets used up and there is some diminishing of
the sensitivity of the electrode itself. There is also fouling, which can be an event like in
the conductivity example. Check your oxygen data with bottle samples and make

corrections to Soc at your discretion.
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Field Calibrations: Dissolved Oxygen (continued)

gnE Field Calibrations:
Correcting Dissolved O,

» Dissolved oxygen equation (ml/l) from Owens-Millard
(1985):

Oxygen(ml/1) = {Soc * [V + Voffset + 7 * %—It/) + Boc * e“”“"”} *

Oxsat(T,S) * ™) * glreor=P)
— Where:
* V=SBE 43 output voltage signal (volts)
¢ dV/dt = time derivative of SBE 43 output
¢ T'=CTD temperature in (°C )
« §=CTD salinity (psu)
« P =CTD pressure (dbars)
* Oxsat(T,S) = oxygen saf
* Soc, Boc, Voffset, ,

The basis for calculating dissolved oxygen is work done by Owens and Millard (1985).
This equation includes a blank or zero oxygen term, Boc, and a term that is proportional
to the first derivative of the oxygen sensor output voltage, T * 6V/dt. The Boc term is
redundant for the SBE 43, because the sensor output is offset by a Voffset term which
takes the place of Boc.

The term that is proportional to the first derivative of the sensor output was introduced to
sharpen the response of the sensor to rapid changes in oxygen concentration. The SBE 43
was designed for profiling applications and does not suffer the poor response times of
previous sensors. In consideration of this, the derivative term is left out of the equation

used to calculate oxygen concentration from output voltage for the SBE 43.



24 Module 8: Getting the Highest Accuracy Data, Continued

Field Calibrations: Dissolved Oxygen (continued)

g@g Field Calibrations:

Correcting Dissolved O,
* For the SBE 43, set Boc and 7 to zero:

Oxygen(ml/1)={Soc * (V + Voffset ) } * Oxsat(T,S) * e " * greor=

* SBE 43 produces an output voltage linear wi
Oxygen partial pressure

* SOC is the slope term, and will chan;
sensitivity

* tcor and pcor correct for small
temperature and pressure: t
over time.

The SBE 43 is expected to provide an output voltage that is linear with respect to oxygen
concentration. Normal calibration drift manifests itself as a loss of sensitivity and is
evident as a change of slope and offset in the linear relationship between oxygen
concentration and voltage output. The coefficients tcor and pcor correct for small
secondary responses to temperature and pressure. Because these coefficients change very
slowly over time, the values given on the SBE 43 calibration certificate will be used in

this analysis.
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Field Calibrations: Dissolved Oxygen (continued)

SBE
Field Calibrations:
Correcting Dissolved O,

* For a field correction we will rearrange
previous equation into a linear form.

¢ = """ x Oxsat(T,S) *

* Oxygen equation reduc

oxygen(ml /1) =

Our goal is to rearrange the equation into a linear form that we can use in a linear
regression of Winkler titration dissolved oxygen versus SBE 43 voltage output. To
simplify this we will collect terms and express oxygen saturation and the corrections for

pressure and temperature as phi.
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Field Calibrations: Dissolved Oxygen (continued)

SBE
Field Calibrations:
Correcting Dissolved O,

» The previous equation may be express
linear form as:

%fm”l) = Soc * (V + Voffset) =

* Where:
—Soc=M
— Voffset=B/

Finally, Winkler titration values divided by phi is the independent variable and SBE 43
output voltage is the dependent variable. Note that Soc and Voffset are constants, so the
right side of the equation is expressed as a slope (Soc) multiplied by a variable voltage

plus a constant offset (Voffset).
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Field Calibrations: Dissolved Oxygen (continued)

SBE
[Ct
Winkler O, / phi vs SBE 43 Voltage

0.9

0.8
071

*
0.6 /X"
05

0.4 / Wiphi = 0.4466V - 0.3668
03 R? = 0.9929

1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
SBE 43 Voltage

Winkler (ml/l) / phi

Here is a plot and regression of some data gathered in Puget Sound. Even though Puget
Sound is not a well-mixed environment, there is a very strong relationship between

Winkler O, / phi and SBE 43 Voltage.
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Field Calibrations: Dissolved Oxygen (continued)

SBE
JCT S
SBE Calibration vs Field Correction

» SBE Calibration date August 2001,
Cruise date June 2002.

0.4

0.2 4

. - a - "

0 | DI D B
: .

-0.2 4

0.4 4

+ Original Coefiicients

0.6 | = Winkler Derived Coefiicients

Oxygen Difference (SBE 43 - Win

T T T
1.5 25 3.5 4.5 5.5
Winkler Oxygen ml/l

This plot shows the improvement in agreement between the Winkler titrations of
dissolved oxygen and the SBE 43 measurement of dissolved oxygen after application of
the Winkler-derived Soc and Voffset. The blue diamonds are the difference between the
Winkler values and the SBE 43 values using Soc and Voffset from the most recent
calibration. The pink squares are the difference between the Winkler values and the

SBE43 values using the derived Soc and Voffset.
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Field Calibrations: Dissolved Oxygen (continued)

SBE Dissolved Oxygen Measurement
(C A
in Deep Water

Oxygen(mi /1) = {Soc * (V + Voffset ) } * Oxsat(T,S) * e * ) * glreor=r)

* The function Oxsat(T,S) calculates the maxim
partial pressure of oxygen that will not out
from water of a given salinity and tem

» Soc scales the sensor output to a
oxygen saturation

» Terms containing tcor

secondary effects of

Recall the dissolved oxygen equation; basically it is a scaling of oxygen saturation based
on sensor output with a correction for temperature sensitivity and for pressure sensitivity.
In the following discussion we will explore the pressure correction and learn how to fine

tune it with adjustments to pcor.
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Field Calibrations: Dissolved Oxygen (continued)

SBE
[Cot

Adjustment of pcor Term

» Difference between
SBE 43 and Winklers
at deep part of cast is )
an error in pcor term g"‘“*: et

]

e pcor may be P
determined by n — » e
observation, similar to L
CTD alignment v @ @ o m m m e m

Presaure Dedibars

As you might imagine, the term in the equation that corrects for pressure effects has little
effect in the upper part of the profile. The slide above illustrates that as the pressure
increases, the response of the instrument deviates from the Winkler titrations. We can

improve the agreement of the SBE 43 and the Winkler titrations by adjusting pcor.
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Field Calibrations: Dissolved Oxygen (continued)

SBE
[Co

Adjustment of pcor Term

xxxxxx

Calibration date  [08.0an-02
Sor 3.1330e-001
L T —
Woffset [0 5791
Teor 0.002000
Peor 1.60e-004
w
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Field Calibrations: Dissolved Oxygen (continued)

[Co g
Adjustment of pcor Term

02 uolelKg

We can make the adjustment to pcor empirically. The plots above show the discrepancy
between the SBE 43 calculated oxygen and the Winkler titrations with a series of pcor

values. Clearly, the middle value of 1.5 x 10™ gives the best agreement.
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PALACE Float: No Conductivity Drift (almost)

SBE High Accuracy Data:

As Good as 1t Gets

* Autonomous profiling instruments:
— Get placed in ocean,
— Sink to a pre-programmed depth,
— Wait at depth, and
— Then surface, collecting data as th
* Data is transmitted to an
* Instrument receives no
after deployment

These CTDs have a significant advantage over the usual deployments with regard to
conductivity drift. They are deployed from ships with their conductivity cells full of
de-ionized water, and have no contact with ships or humans for the remainder of their
lives. They are never exposed to the sea surface near a ship with its oil film.

Finally, their cells are never allowed to dry, so the electrodes are always stored in

biology-resistant water.

The consequence of this is that their conductivity sensors drift negligibly or not at all.
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PALACE Float: Compared to Historical Data

SBE High Accuracy Data:

As Good as it Gets

PALACE 63 9/3/97 - 97398
WOA94 Compan

30 —

—— 15D of WOAOL
WOAS4 histoncal dat s
= PALACE 63 daia

35.0 355 36.0 36.5 37.0 375
5 (PSL)

Note the low scatter in the mid-region compared to historical CTD data. Also, note the

shift in surface values, PALACE being saltier than historical data.
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Corrected

Prossure CTD | G [Uncercted Water | Wter |Correted|Conectd Copeted saimiy

do | Temp | Cond | oo linity |Salinity| Cond | Temp | Cond | Salinity ‘I’B":tttf;

Salinity
49 [24.0798/5.23638| 35.1885 |35.2055 24.0798
519 |6.6922(3.43001| 34.0769 |34.0848 6.6922
850.6 |4.4142(3.27650| 34.3667 |34.3738 4.4142
1000.8 | 4.003 |3.25475| 34.4616 |34.472 4.003
1202.3 |3.5221(3.22482| 345083 |34.5148 3.5221
1401 | 3.039 |3.19378| 34.5452 |34.5503 3.039
1500.6 |2.6724|3.1719 | 345692 |34.5769 26724
1999.1 |2.1309| 3.1445 | 34.6131 |34.6194 2.1309
2400.2 |1.7884[3.13273| 34.6302 [34.6463 1.7884
2798.9 [1.5911(3.13234| 34.6563 |34.6645 15911
3200.1 |1.4927|3.1307 | 34.6674 |34.676 1.4927
3600.3 |1.4587|3.15175| 34.6737 |34.6829 1.4587
40015 |1.4537|3.16568| 34.6772 |34.6853 14537
44019 |1.4766|3.18142| 34.6790 |34.6871 14766
4500.7 |1.4868 |3.18558| 34.6788 |34.6883 1.4868
4600.8 |1.4969 [3.18976| 34.6789 |34.6883 1.4969
4809.4 [1.5119]3.19792| 34.6795 |34.6884 15119

1. What temperature scale is CTD temperature reported in? What temperature scale

is used to calculate conductivity?

Temp” and “Water Bottle Salinity”.

Use SeaCalcW to calculate “Water Bottle Conductivity” using “Corrected CTD

3. Calculate a conductivity correction slope based on the shaded portion of the table.
We are using 3 data rows in class as a quick exercise. Normally, how much of the
table would you use? Recall pages 17 and 20.
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CTD Conductivity Corrected With Water Samples

Module 8: Getting the Highest Accuracy Data, Continued

Corrected
Prossure CTD | G [Uncercted Water | Wter |Correted|Conectd Copeted saimiy
do | Temp | Cond | oo linity |Salinity| Cond | Temp | Cond | Salinity ‘I’B":tttf;
Salinity
49 [24.0798|5.23638| 35.1885 |35.2055|5.23862 | 24.0798 | 5.23763 | 35.1980 | -0.0075
519 |6.6922|3.43091| 34.0760 [34.0848|3.44062 | 6.6922 | 3.44073 | 34.0861 | 0.0013
850.6 |4.4142|3.27659| 34.3667 |34.3738|3.27720| 4.4142 | 3.27737 | 34.3758 | 0.0020
1000.8 | 4.003 [3.25475| 34.4616 |34.472|3.25563 | 4.003 | 3.25553 | 34.4708 | -0.0012
1202.3 [3.5221(3.22482| 34.5083 |34.5148(3.22537 | 3.5221 | 3.22559 | 34.5175 | 0.0027
1401 | 3.039 [3.19378| 34.5452 |34.5503|3.19420 | 3.039 | 3.19454 | 34.5544 | 0.0041
1599.6 |2.6724|3.1719 | 34.5692 |34.5769|3.17253 | 2.6724 | 3.17266 | 34.5785 | 0.0016
1999.1 [2.1300 | 3.1445 | 34.6131 |34.6194(3.14502 | 2.1309 | 3.14525 | 34.6223 | 0.0029
2400.2 |1.7884|3.13273| 34.6392 [34.6463|3.13331| 1.7884 | 3.13348 | 34.6484 | 0.0021
2798.9 |1.5911|3.13234| 34.6563 |34.6645|3.13301 | 1.5911 | 3.13309 | 34.6655 | 0.0010
3200.1 |1.4927|3.1397 | 34.6674 |34.676 |3.14039 | 1.4927 | 3.14045 | 34.6767 | 0.0007
3600.3 |1.4587|3.15175| 34.6737 |34.6829|3.15250 | 1.4587 | 3.15250 | 34.6829 | 0.0000
4001.5 |1.4537|3.16568| 34.6772 |34.6853|3.16634 | 1.4537 | 3.16644 | 34.6864 | 0.0011
4401.9 |1.4766|3.18142| 34.6790 |34.6871|3.18208 | 1.4766 | 3.18218 | 34.6883 | 0.0012
4500.7 |1.4868 |3.18558| 34.6788 |34.6883|3.18636 | 1.4868 | 3.18634 | 34.6881 | -0.0002
4600.8 |1.4969|3.18976| 34.6789 |34.6883|3.19054 | 1.4969 | 3.19052 | 34.6881 | -0.0002
4809.4 |1.5119|3.19792| 34.6795 |34.6884|3.19865| 1.5119 | 3.19868 | 34.6888 | 0.0004
Note: For Shaded section of table:

Sum of CTD conductivity * Water Sample conductivity = 30.55649
Sum of CTD conductivity * CTD conductivity = 30.54918
Ratio used to correct CTD conductivity = 1.000239
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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 sa
water parcel

» Underwater package-induced errors
 Correcting for conductivity cell the
* Data editing and filtering

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 some of the advanced plotting features in Seasoft.

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.
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Data Processing Steps: SBE 9plus [ 11plus

Lol Data Processing List:

SBE 911plus with DO Sensor

* Seasave: Acquire raw data.
« Data Conversion: Convert raw data.

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

« Align CTD: Advance oxygen relative to pressure.

» Cell Thermal Mass: Perform conductivity cell thermal
correction if salinity accuracies > 0.01 PSU desired in
steep gradients. Typical values o = 0.03 and 1/B =

* Loop Edit: Mark scans where CTD is movin
velocity or travelling backwards due to shij

* Derive: Compute oxygen, salinity, dei
* Bin Average: Average data into

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.

Note that the data is bin averaged before the major derived quantities are computed.
Salinity, 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

SBE Data Processing List:
SBE 19plus with DO Sensor

» Seasave or Seaterm: Acquire raw data.

« Data Conversion: Convert raw data.

» Filter: Low-pass filter conductivity and temperature with
time constant = 0.5 seconds to force them to have same
Low-pass filter pressure with time constant = 1 seco
for Loop Edit.

* Align CTD: Advance temperature and oxy;

* Loop Edit: Mark scans where CTD is
or travelling backwards due to ship

* Derive: Compute oxygen, salini

Bin Average: Average da

The processing list for the 19plus is shorter because of the lower expectations of

precision and the different acquisition electronics.



Module 9: Advanced Data Processing

Activity

seeeecee  Activity: Data Conversion
» Use the file C:/Data/Module9/AlignC/Faroe.dat

— For the configuration file, use Faroe.con
— Convert the downcast only

— Use the secondary temperature and conductivity
sensors

— Convert to quantities that stand alone:
* Pressure, Digiquartz
¢ Temperature,2 [ITS-90]
¢ Conductivity,2 [S/m]
— Do not calculate parameters
— Name your file Faroe.cnv

+ If you have time, do

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 19plus 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 file Miami.cnv
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Conductivity Time Constant

BE -
SBE Conductivity Time Constant (Tau)

+ Conductivity cell has a time constant that depends
on pumping rate

* SBE 9plus system’s pump and TC duct constrain
Tau of conductivity to match Tau of tempera:

* SBE 19plus is not as well matched and re
filtration

— Best match is achieved by filtering
and conductivity

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 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 19p/us 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)

[CTEC
i Il
° SBE gplus Fle Options Help
3 . Fie Selip Dota Selip | Header View|
— Filter A time constant . p
0.15 seconds for pressure Lowpass B, e contan ] 75
« SBE 25 Speiy Files
— Filter A time constant
0.5 seconds for pressure el H A
. Vatiable Name [unit] Clear Al
SBE lgplus Pressure, Strain Giauge [db] - _I
— Filter A time constant Temperawe T390, deg ] -
0.5 seconds fOI' conductivity Conductivity [5/m] |Luw pass fiterd =
and temperature Carcel
— Filter B time constant
1.0 second for pressure ‘
Start Process

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 25 — samples at 8 Hz (0.125 sec), 4 x 0.125 = 0.5 sec
- SBE 19plus — 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 Misalignmen

0.dbj —

» Evidence of mismatch
seen in salinity spikes
and density inversions

Pressure

* Correction via pressure

shifting of conductivity E T Step=0.05 C'L Step = 0.015 S/m
£ Pressure Alignment Perfect 3

0db e Odb T[T

T
=
(2]

Plressu re
-
/

Pl"essu re
-/

C lags T 0.084 db C leads T 0.084 db
. e e ] ,

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.
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Removing Misalignment

SBE Manipulating Data to
Remove Misalignment
* An alignment is done T BEE
automatically in e
the 11plus
* Alignment can change
from default due to ___vmeursten st | [T
changes in plumbing that BB g
increase or decrease ok
pumping speed =T
* Use Align CTD module to
match temperature and St Process

conductivity data streams

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)

SBE
@seeecee How Do I Know How Much to

Advance or Retard a Data Cha

* By looking at your data
— Find a spot in your data with a
salinity shift
— Experiment with ali
a salinity excursi
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Removing TC Misalignment: Example

SmBmE Example Data From the
Faroe Islands

Faroe.dat:

=
N
o

density, sigma-t [kg/m*3], sec T, sec C 28.20

I I I T ] |

I I 1
temperature, sec, ITS-90 [deg C] 12.00
T

iy
o
=)

Sigma-t

pressure
TTTTTTTTI

100 1 | 1 | 1 | I
34.80 salinity, PSS-78 [PSU], sec T, sec C 35.20
| |

I Y I N I A A |

-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 91 1plus: 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)

s Subset of Example
Faroe.dat:
27.9000 density, sigma-t [kg/m*3], sec T, sec C 28.1000
|34.750$ l salir!ity, plss—7s Epsu], lsec T, Isec c l !-14.9530'
500.00, : T : T ; .
2 [
2 |_ ship heave
5
I T C mismatch
— s Descent
| Sigma-t rate
o I T I I N Y I S I I M I o A I B
-18.00 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

SBE Activity: Align and Derive

¢ Use C:\Data\Module9\AlignC\Faroe.cnv you created in the
last activity
e Align CTD:
— Advance C relative to P 0.042, 0.084, and 0.126 seconds (1, 2, and 3 scans)
— Name append 4/, 42, and 43
e Derive:
— Use Faroe.cnv, FaroeAl.cnv, FaroeA2.cnv, and FaroeA3.cnv
— Calculate Salinity, 2[PSU] and Density 2, sigma-t Kg/m"3
— Name append D
* Sea Plot: compare results

— PlotPvs S
Overlay plot with 0.025 offset for S
P: 500 to 700, S: 34.75 to 35.00,

— Repeat, plotting P vs Sigma-T (27.9 to 28.1

» If you have time, do the same fi
— Look in your notes for details

For this activity, start with the .cnv file you created in Data Conversion that contains

temperature and conductivity. Do some advancing on the file with Align CTD. Then, use

Derive to calculate salinity and density from the original .cnv file and each aligned file.

You should end up with the following files:

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

FaroeA1D.cnv... FaroeD.cnv with C advanced 1 scan = 0.042 seconds, with salinity
and density derived

FaroeA2D.cnv... FaroeD.cnv with C advanced 2 scans = 0.084 seconds, with salinity
and density derived

FaroeA3D.cnv... FaroeD.cnv with C advanced 3 scans = 0.126 seconds, with salinity
and density derived

Check your results with an overlay plot in Sea Plot. De-select Sort input files in the
Options menu, and then select the files in order: FaroeD.cnv, FaroeA1D.cnv,
FaroeA2D.cnv, FaroeA3D.cnv.

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

First, 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.

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

Check your results with Sea Plot.
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Removing TC Misalignment: Example (continued)

Original Data Conductivity Advanced 1 Scan (0.042s)
2 -t, Kg/m*3 -t A

27500 27525 27,950 o, ség?rgua 28 ?zrﬁn ;J?gn 28075 26100 27000 27.025 27,9800 B8 Si005 T Soso 28075 28100

gt [RRREEERER T byt bbb

& 700y INEEEREEERT o SEERRNNERENENSUNNNERRENENY {ERRENNEEENN
34750 34775 34800 34825 34850 34875 34900 34925 34950 34750 34775 34800 34825 34850 34875 34900 34925 34950

Salinity, 2 [PSU] _ Salinity, 2 [PSU]
Conductivity Advanced 2 Scans (0.084s) Conductivity Advanced 3 Scans (0.125s)

Density, 2 [sigma-t, Kg/m*3 )
27.900 27.925 27.950 27.975 28000 28.025 28.050 28.075 28.10
L

ensity, 2 [sigma-t,

Density, Kg/m"3]
27.900 27.925 27.950 27.975 281000 28025 28050 28.075 28.
500-

525
550-

2 o o
g 9
S a

re, Digiquartz [db]
I
&

650-
g 675

} - - p o T 700

Eviipiin i g R
f f

34750 34775 34800 34.825 34.850 34.875 34.900 34.925 34.950 34750 34775 34.800 34.825 34.850 34.875 34.900 34.925 34

Salinity. 2 [PSU] Salinity, 2 [PSU]

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
[CTU T
SBE 19plus

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

0 ~N ® A~ W N =
o o O 0o 0o 0O o QO
T T T T T T T T T T T T T T I T T T T

o
o

essure, Strain Gauge [db]

A 100+
110

N N NN RN AR RN AR
I I I I l [ I I I [
36.15 3620 3625 3630 36.35 3640 3645 36.50 36.55 36.60

Derived Salinity [PSU

This is from the extra credit data set. The right 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

SBE
[CTU T
Dissolved O, Alignment

» Sensor time constants ~ 2 - 6 seconds, dependi
on temperature

* Plumbing delay ~ 2 seconds
* Delays add for ~ 4 seconds total

» Hysteresis in DO profiles is ¢
delays, temperature mis
response time

Newer sensor, SB

Aligning oxygen current and temperature in relation to pressure can improve hysteresis in
dissolved oxygen profiles. The SBE 43 has a faster time constant and shows

improvement in hysteresis over the Beckman- or Y SI-type of sensor.



18  Module 9: Advanced Data processing

Removing Misalignment in Dissolved Oxygen
(continued)

[CTU e o o
Hysteresis in

Dissolved Oxygen Profiles

Oxygen, SBE 43 [mi/l] Oxygen, SBE 43 [mi/]
1.5 20 25 3.0 35 4.0 45 5.0 200 225 250 275 3.00 3.25 350 3.75 4.00 4.25 4.50
L (R b

oo N

T T T T T T
17.5 200 225 25.0 275 30.0 15.0 1756 200 225 250 275 30.0
Temperature [ITS-90, deg C] 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 shows 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.
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Removing Misalignment in Dissolved Oxygen
(continued)

[Co

DO vs T plot

26 27.5¢
o F £

9
»
N

ature [ITS-90, deg C]

Viewing hysteresis in DO — T space is an effective way of eliminating the confusion of

hysteresis and hydrographic phenomenon.
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Activity

8BE  Activity: Align DO Data

+ Use C:\Data\Module9\AlignDO\GulfMex.dat

* Data Conversion: P, T, S, Oxygen Voltage SBE 4
— Upcast and downcast, file name GulfMex.cnv

to pressure 2, 4, and 6 seconds

— Name append 42, A4, and A6

* Derive: Oxygen, SBE 43 in
— Name append D

You should end up with the following files:

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
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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

27+
26+
25+
24+
23+
22+
21+

rnperature [[TS-90, deg C]

—=  bJ
WO
| |

2 18-£ 4
'\IEIIII}IIIIIIIII}IIIIIIIII}IIIII\III}IIIIIIIIIIIIIII\IIIII
25 30 35 40 45 50 55 BO B5 70 75 8O0

Owygen, SBE 43 [mi
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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 throu

A cold cell cools water moving thro

» This causes water in cell to be
temperature than thermom:
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. Conversely, when the cell comes up from cold water into warmer water,
the water that passes through the cell is cooled slightly. This heat transfer can be modeled

and corrected.
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Conductivity Cell Thermal Mass (continued)

SBE Cell Thermal Mass Example

Faroe.dat:

I
o
=)

temperature, pri, ITS-90 [deg €]

e
N
o
=)

re [db]

1000 | | L
salinity, PSs-78 [PSU], pri T, pri C

(%
=
©
°©
w
o
N
°©

The feature that looks like salinity hysteresis is actually caused by the effect of cell

thermal mass.
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Compensating for Conductivity Cell Thermal Mass

SBE Removing the Effect of
Conductivity Cell Thermal Mass

EE Cell Thermal Mass [_ Ol =]

Fie Options  Help
FileSotup DataSelup | Hoaderiew |

I Gzt primsey condictivity valuss

Temperature sensor o tise [Fimey =]
Therrial snomaly ampltuds [siphal | R
Thermal riomsl ime sonstant [1beta] [T

Thermal anamaly smptude aphal 003
Therma ariomel fime constant 1/bets] [T
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
dc
ctm =—1.0 x b x previous ctm + a x (7j x dt
t
dt = temperature - previous temperature

a=2x alpha

sample interval x beta + 2

h=1-|2x-12
alpha

% =0.1x (l + 0.006 x [temperature - 20])
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Activity

SBE Activity: Conductivity for

Cell Thermal Mass

 File is C:\Data\Module9\Cell TM\Faroe.dat
¢ Data Conversion:
— Downcast and upcast
— Time, Elapsed.. Seconds
— Pressure, Digiquartz..db
— Temperature..ITS-90..deg C
— Conductivity.. S/m
e Cell Thermal Mass: us
— Name Append C
* Derive: salinity
Sea Plot.

You should have files named:
e Faroe.cnv for original data

e FaroeC.cnv for corrected data
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Activity (continued)

% Cast Corrected for

Cell Thermal Mass

SDDUn(:orrected for Cell Thermal Mass and Corrected

626

550+

Corrected

o m (4]

R o ~J

53} [=] L]
1 | 1

;60

o

=1

m
1

Pressure, Digiquartz [db]

TDD_IH\IHIIIII Loy preragtn (I

85 3486 MET 3453 ME0 3960 MO M@ A0 84 3205
Salinity [PSU
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Filtering Pressure to Remove Digitization Effects

SBE
[CTU T
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 intereste

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)

Filtering Pressure

nnnnnnnnnnnnnnnnnnnnnnnnn
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Filtering Pressure to Remove Digitization Effects
(continued)

[CTU e
Filtering Pressure

Pressure filtered wi

Raw data 0.15 second time

210 TEMPERATURE 6,
E T
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Data Artifacts Induced by Ship Heave

SBE Data Artifacts Caused by the
JCT T
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
[CTU T
Ship Heave Effects

Enlargement of plot at left

Salinity [PSU] Salinity [PSU]
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= L =

& 890+ 2960.0

@ L z

i 2 [

& F ]

oL L BRI = WH\H\HHHHHHH}HII}HH}HH}\H}HH}H\
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Temperature [ TS-90, deg C) Temperature | TS-90, deg C]
P Ly

50 25 00 75 60 25 00 25 450 15 00 75 500 25 00 25
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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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Removing Data Artifacts Induced by Ship Heave

SBE ,
seessee¢ Removing Package-Induced
Data Artifacts

* Data errors introduced this way must be
deleted; there is no fix

* Loop Edit removes loops caused by
ship heave

* Wild Edit removes data that
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.

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)

5 Loop Edit
Fle. Dplions - Help

FleSeltp D#35200 | HeaderView |
Miimu velociy lype =
Miinun CTOvlosy sl o5
Wi s ] T
Pecentolmeanspesd [T

¥ Excluds soans marked bad.

SBE Removing Package-Induced

Data Artifacts

[Z[0Ix] B Wild Edit [-[o[x]
Fie Dpiioris Help

il Setup, DalaSetup | Headsrieen |

Slandard deviaions forpase one. o
Standaic deviaionsfor pass o E—

Seans per bock @

Keap detawithin this distancs ofthemean. [

¥ Esclode scans marked bad
Selct Wi Edt Vaables
Variables in test.cnv
risble N arte furik] Selest Al

Pressure, Digiquaitz [db]
Temperatura [IT5 90, deg €]
Temperalus, 2 (115

el |

Star Process =
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Activity

SBE Activity: Remove the Loops from

an Example Data Set

« Use the file C:\Data\Module9\Loop\A Arctic.dat
e Data Conversion:
— Downcast only
— Time, pressure, temperature, salinity, descent rate
* Filter: Pressure
— Time constant 0.15 s
— Use the same file name, AArctic.cnv
* Loop Edit: Uncheck Remove surface soak and Excl:
— Percent mean speed, 300 second window, 20% me
— Fixed minimum velocity, 0.25 m/s, name appe
* Sea Plot: compare results
— Click Plot Setup tab
— Click Process options button
— Check Lift pen over bad data

You should have the following files after processing AArctic.cnv in Loop Edit:
e AArcticP.cnv for percent of mean speed

e AArcticF.cnv for fixed velocity

When you plot your data, choose pressure for the y axis. Choose descent rate and
temperature for the x axes. Suggested ranges are:

e Pressure: 830 to 860 decibars

e Temperature: 2.83 to 2.89 °C

e Descent rate: -5 to 3 m/sec
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Removing Data Artifacts Induced by Ship Heave
(continued)

[CT

Removing Package- ¢
Induced Data Artifacts, -

Eﬁﬁﬁff B é

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 window; this method gives you a bit more flexibility.
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Data Processing Tips

SBE
ICT
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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Ancillary Data Processing

SBE . .
s 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. You can clip out part of your data with Section, and separate
your data into upcasts and downcasts with Sp/it. And, there is a window filtering module

with various shaped windows.
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Overview

In this module we will present Sea-Bird instrumentation intended for mooring.

Moored Instruments

SBE 16, 16plus and 16plus-IM SEACAT
SBE 37 (-SM, -SI, -IM, -SMP, -SIP, -IMP
MicroCAT

SBE 39 and 39-IM Temperature (p
optional) Recorder
Inductive modem telemet

SBE 37-IM, SBE 16-IM
SBE 39-IM, SBE 44,

The SBE 16 family provides power and A/D inputs for auxiliary sensors.

The MicroCAT family is smaller and less expensive, but does not have power for
external sensors nor auxiliary A/D inputs, while the SBE 39 family has only temperature
and pressure. As an accessory to our moored instruments, Sea-Bird offers inductive
telemetry for mooring. This technology allows communication with moored instruments
in real-time without cable breakouts. The SBE 44 is a stand-alone modem meant for

interfacing other manufacturer’s instrumentation to the inductive mooring string.

When we complete this module you should:

e Be aware of the instrument platforms available for moored applications

e Understand the means of telemetering real-time data from the mooring to the

land-based receiving station



Module 10: Moored Instruments 3

Introduction to SBE 16, 16plus, 37, and 39

g@BssE Moored Instruments

10 second to 4 hour sampling rate
Option: jauge P

SBE 16plus F s

Fi ol

8 Mby! ies
RS-232, RS-485, or fus-IM)
15 second ling rate
| c

SBE 16

The SBE 16 and 16plus are moored versions of the SBE 19 and 19plus. The 16plus is
actually a 19p/us in moored mode, with optional pressure sensor. The 16 and 16plus have
the capability to power external sensors and log analog A/D data from them. This is the
instrument of choice if you require more data than C, T, and P. The 16plus is available
with serial interface (RS-232 or RS-485) or inductive modem interface (16p/us-IM).

Like the 16 and 16plus, the MicroCAT has integral T and C sensors, and may also be
equipped with a pressure sensor. The MicroCAT comes in three main types:

e The SM has memory, batteries, and a serial interface (RS-232 or RS-485). It is meant
for moorings that do not require communication with the surface during deployment.

e The SI has no memory and no batteries, but does have a serial interface (RS-232 or
RS-485). It is intended for ROVs, submarines, etc. as a companion for instruments
requiring T and C, such as acoustic Doppler profilers or optical instruments.

e The IM has memory, batteries, and an inductive modem for communications in
real-time with the surface.

All three types of MicroCAT are available with an integral pump (SMP, SIP, and IMP).

The SBE 39 is a temperature recorder, and may also be equipped with a pressure sensor.
An example of its use is mounted on bottom trawls to measure bottom depth, time on
bottom, and temperature. The SBE 39 is available with serial interface (RS-232) or
inductive modem interface (39-IM).
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Inductive Modem Telemetry

[COUC T

Inductive Modem Telemetry

¥

» Convenient,
economical, reliable
system that allows
sensors to be placed at
any depth on the
mooring and
repositioned when the
mooring is serviced

An inductive modem uses electrical current loops to transmit information. Recall from
physics class, electrical current flowing in a wire loop induces current to flow in a loop
that passes through it. You can think of these loops as links in a chain. The first loop is in
the surface buoy. The second loop is formed by the mooring cable and the seawater. The
third loop is at the instrument, underwater. Because all coupling is done in loops, no

cable breakouts are required.

The communications link is one way only, meaning that if the surface modem is
transmitting to the remote instruments, then the remote instruments must all be listening.
Conversely, if one of the remote instruments is transmitting, then the surface modem
must be listening. To achieve this, all instruments have a unique two-digit address from

00 to 99.

The electrical current carries an AC signal that is phase-shift-keyed. Digital data is
encoded by the transmitting modem into an AC signal that is impressed on the current

loop, and it is received and decoded by the remote modem’s receiver.
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Inductive Modem Telemetry (continued)

SBE Inductive Modem,
the Mooring Cable

Insulation

Seawater

Electrical current:
lo

The first current loop is made by the mooring cable itself and seawater. The cable is bare

metal on the top and bottom and insulated in the middle.
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Inductive Modem Telemetry (continued)

SBE  Inductive Modem, Surface Buoy

Coupling
current loop

Mooring cab

The second current loop is made around the mooring cable. The coupler is a ferrite donut.
Ferrite is the stuff that magnetic tape is made from. The electrical current that flows
around the coupler induces a current that flows through the mooring cable and the
seawater. Thus, the modem signal is transmitted by the surface buoy into its coupler, and

the coupler induces a current in the seawater and mooring cable.
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Inductive Modem Telemetry (continued)

[COUT e

Inductive Modem, MicroCAT

Coupling
current loop

The last loop is at the remote instrument. It has a coupler just like the surface buoy. The
current that the surface buoy has induced in the seawater mooring cable loop in turn
induces a current in the remote instrument’s coupler. The modem in the remote
instrument receives and decodes the signal. If the information contained in the signal is
addressed to the remote instrument it behaves accordingly, e.g., transmitting a data scan

or a status report.
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Inductive Modem Telemetry (continued)

[COUT e

Inductive Modem, Just the Loo

Mooring cable
and seawater

Here is a very simple view of the communication links. Note that there can be up to

100 instrument couplers on the mooring cable — seawater loop.
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Inductive Modem Telemetry (continued)

Socteces Inductive Modem
Data Transmission

i Surface
Inductive
RS-232 a5 Modem
Full Duplex = = :
9600 baud

Controller

Inductive Modem - DPS

Here are all the players in inductive modem data transmission. The controller is user-
supplied and should be able to switch power to the surface inductive modem (SIM). The
inductive modem DPSK is via the mooring cable. If you want to use sensors with serial
data output made by another manufacturer, the SBE 44 is a stand-alone inductive modem

supporting common baud rates with buffering sufficient for most applications.
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The SBE 44 is meant to allow the use of instruments that have a serial interface and the
capability to sample on demand to be used with an inductive telemetry mooring. The

SBE 44 has an internal 9 volt, 7.2 amp-hour battery and can provide power to the external
device. Alternatively, the external device can provide power to the 44. The inductive link
operates at 1200 baud. This restricts the data rate of the external instrument; however the

SBE 44 has data buffers that allow the external instrument to transmit small amounts of

Inductive Modem Instruments

SBE Inductive Modem

Instruments — SBE 44

* IM interface to serial (RS-232) instruments:

— Serial instrument samples at
pre-programmed intervals, stores data
in its memory (sends data through UIM
on request)

— Serial instrument samples on command,
sends data through UIM (can synchror
with other instruments)

* Depths to 7000 m, real-time clo
memory, battery-powered

data at a higher rate.
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Inductive Modem Instruments (continued)

SBE Inductive Modem

Instruments — OEM Component

* Sea-Bird can supply components to ¢
serial-output instruments to IM o

— Underwater inductive modem

* Require supply voltage 7 -
typical battery packs i

« Interface: RS-232
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Memory Capacity

SBE i
Memory Capacity in Scans

+ Standard memory size is:
— 1 Mbyte for SBE 16
— 8 Mbytes for SBE 16plus
— 2 Mbytes for SBE 37
— 4 Mbytes for SBE 39

Memory Capacity In Scans =

Memory capacity calculations are basically the same as seen for profiling instruments.
Refer to Module 1, page 9 for an overview of this calculation; examples for specific

instruments are on the following pages.
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Memory Capacity: SBE 16

SBE
[COUT e

5308 byte scratch pad
* Scan length as follows:

Recorded Parameter

T+C

strain gauge P

Quartz P without T compensatio:
Quartz P with T compensati
each external voltage

The SBE 16 has battery backed-up semiconductor memory of 1 Mbyte. Actual capacity

in scans depends on how the instrument is configured.

SBE 16 Memory Capacity
* 1024 Kb memory standard, including
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Memory Capacity: SBE 16plus

SBE SBE 16plus

Memory Capacity
* 8 Mb memory standard
* Scan length as follows:

Recorded Parameter Bytes/sample
maC 6 (3 each)

strain gauge P
Quartz P with T compensation
each external voltage
SBE 38 secondary T
date and time
Example: strain gauge

The SBE 16plus has considerably more memory than the 16, with 8 Mbytes of
non-volatile flash memory. Again, memory capacity depends on the configuration of

the instrument.
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Memory Capacity: SBE 37 MicroCAT

SBE SBE 37 (-SM, -SMP, -IM, -IMP)
MicroCAT Memory Capaci

* 2048 Kb memory standard

* Scan length —
T+C: 5 (2.5 each) bytes/s:
P:
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Memory Capacity: SBE 39

SBE .
“===  SBE 39 Memory Capaci

* 4 Mb memory standard

* Scan length —
T: 3 bytes/sample
122
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Battery Endurance

SBE .
“< Battery Endurance Terminology

* Battery capacity is given in amp-hours
— For a 14 amp-hour battery, you can get 14 amps for
1 hour or 1 amp for 14 hours
* Instrument operating current is the electrical
current that the instrument and all the auxiliary
sensors and pump require

* Quiescent current is the current that the ins
consumes while it is asleep

+ Calculate battery endurance by conv:
capacity to amp-seconds and dividi
instrument’s current consumpti
amp-seconds/hour

Battery endurance is a topic of great interest to those who work with moored instruments.
However, estimating battery endurance is a very difficult to do accurately. Battery
manufacturers specify the amount of energy contained in a battery in terms of ampere
hours. This is the amount of current that the battery can supply for a given length of time.
If a small amount of current, 100 milliamps for example, is drawn from the battery, it will
last many hours (years). Conversely if a large current is drawn, 1 amp for example, the

battery will last for few hours.

Calculating battery endurance requires summing the amount of current drawn by the
instrument and its auxiliary sensors for the length of time they are operating. In addition,
the quiescent current of the main instrument must be included. The quiescent current is
that drawn by the instrument while it is sleeping, and is required for operation of the
clock and the circuits that monitor the communications lines, so that when you attempt to

communicate with the instrument it awakens and responds.

For instruments that use alkaline batteries, Sea-Bird uses Duracell brand alkaline batteries

exclusively; all our examples for alkaline batteries will be based on these.
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Battery Capacity by Instrument

SBE
weweesee  Battery Capacity by Instrument

SBE 16plus and SBE 16

— Alkaline batteries in 9- or 12-cell instrument housing (12-cell not
available for 16plus) ... more cells give higher operating voltage

— Nominal 14 amp-hour capacity de-rated to 12.2 without pump o:
auxiliary sensors, 10.5 with pump and auxiliary sensors

* SBE 37 (-SM, -SMP, -IM, and —IMP)

— Lithium batteries with nominal 7.2 amp-hours, de-ra

5 amp-hours for planning purposes

SBE 39

— Lithium 9V nominal capacity is 1.2 am

— Alkaline nominal capacity is 0.4 am
SBE 39-IM

— Lithium AA batteries with
* SBE 44

— Lithium batteries wi

Sea-Bird offers different types of batteries depending on the type of instrument.

e The SBE 16plus is normally supplied with alkaline batteries; however a lithium
battery pack kit may be supplied at the user’s request (these lithium batteries are
not supplied by Sea-Bird).

e The SBE 37 and 44 come with lithium batteries only.

e The end user may choose lithium or alkaline batteries for the SBE 39.

e The SBE 39-IM comes with AA lithium batteries only.

Note: A few early versions of the 39-IM used the same batteries as the SBE 39.
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Battery Endurance Issues

[COUC T

Battery Endurance Issues

+ Battery capacity depends on ambient temperature

— Battery power is produced via a chemical reaction,
chemical reactions proceed more slowly at
low temperatures

— Battery internal resistance increases as
temperature decreases

* Battery shelf life depends on storage te

— Alkaline capacity decreases to ~93 - 96%
21°C, and to 85% after 4 years (aver
At 30°C, loss increases to an ave

— Recommended storage conditi
than 65% relative humidi

As mentioned in a previous page, battery endurance is very difficult to estimate. Battery
capacity depends on the temperature of their use for the reasons outlined in the slide
above. In addition, batteries exhibit shelf life degradation. A battery in storage will
slowly discharge at a rate that leaves about 85% capacity after 4 years in good storage
conditions. Batteries stored at high temperatures will lose capacity more rapidly.
Obviously, a fresh battery has the most capacity.

e A battery operated at high temperature will gain capacity due to a faster chemical
reaction and lower internal resistance, but will lose capacity due to more rapid
shelf life degradation.

e Conversely, a battery operated at low temperature will gain from better shelf life

but lose due to less efficient chemical reaction and higher internal resistance.
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Battery Endurance: Alkaline Battery Capacity

SBE RBattery Capacity in Cold Places:
Alkaline

+ Battery capacity
is a function of
temperature

* Lower temperature
means less capacity

* 14 amp-hours is a
conservative estimate

TEST CONDITIONS: 2.2 OHMS
Ay DURACELL" alkaline
woltage profle @ 32°F(0°C)

alkaline
@ T0°F21°C)

2l tage
profie @ 32°F{0°C)

2,:2inc-carbon voliage
profile @ 70°F(21°C)

L u I
2 3 45 10 20 30 40 50

SERVICE HOURS

100

Considering the time and money involved in making a mooring, fresh batteries are a

small expense. We estimate the battery life in an SBE 16 or 16plus assuming that it

begins with 14 amp-hours of power. As you see from the plot, 14 amp-hours is a

conservative estimate. At 0 °C an alkaline battery is expected to supply 0.8 volts after

15 hours of service. A standard, 9-cell battery pack starts at 13.5 volts and drops to

7.2 volts after 15 hours. Sea-Bird instruments measure the battery voltage and will not

sample if the voltage is below a cut-off threshold. The value of 7.2 volts is above the

cut-off for an SBE 16 and just below it for a 16p/us.
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Battery Endurance: Lithium Battery Capacity

SBE
[COCe
Battery Capacity in Cold Places:
Lithium

* Lithium based
batteries have very \
good temperature P
characteristics o) \

* This example drops to o i \ \
75% of the original wl 1P

voltage at 40 hours of R R

continuous use

1

60°C(140°F)|

ro

~
3

VOLTAGE (V)

Lithium batteries offer better performance. The main drawback to using them is
international shipping restrictions on lithium. For example, the battery pack used by the
SBE 37 is made of 6 batteries. It is legal to ship them separately; however, once

assembled into the battery pack they become illegal to ship, as they are too large a mass.



22 Module 10: Moored Instruments

Battery Endurance: SBE 16

[COUC T

SBE 16 Battery Endurance

* 9 alkaline batteries — de-rated to 12.2 Amp Hours

* Sampling time 4 seconds

» Current consumption —
Sampling (no auxiliary sensors):
Quiescent:

Example: Sample every 10 minutes, no pump or auxiliary s

Sampling current = 130 mA * 4 seconds = 0.520
In 1 hour 0.520 amp-seconds * 6 samples = 3.12

Quiescent current = 0.05 mA * 3600 sec
Total current =3.12 +0.180 = 3.

Capacity = (12.2 amp-hours *
Capacity = 13,309 hours =

Recall the slide on memory endurance for the SBE 16. We can calculate that we have
memory for 115,918 samples if measuring temperature, conductivity, and Digiquartz
pressure, with no auxiliary sensors (115,918 =[1,048,576 — 5308] / [4 + 5]). This is
enough memory for 19,319 hours of operation if sampling every 10 minutes. We will run

out of battery power before we run out of memory.
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Battery Endurance: SBE 16plus

SBE SBE 16plus
Battery Endurance

9 alkaline batteries — de-rated to 10.5 amp hours

» Deployed with SM pump (on for 0.5 seconds/sample), no
pressure sensor, no auxiliary sensors, sample every 10 minutes

» Sampling time is 2.2 seconds plus pump time

— Sampling current consumption = 50 mA * (2.2 sec + 0.5 sec)
= 0.135 amp-sec/sample
In 1 hour, sampling consumption = 6 * 0.135 amp-seco:
= 0.81 amp-sec/hour

— Pump current consumption = 100 mA * 0.5 sec
In 1 hour, pump consumption = 6 * 0.05 =

— Quiescent current consumption = 0.03
= 0.108 amp-sec/hour

— Total current consumption = 0.

— Capacity = (10.5 amp-ho
= 30983 hours = 1290
But, we recommen

Recall the slide on memory endurance for the SBE 16plus. We can calculate that we have
memory for 800,000 samples if measuring and storing only temperature, conductivity,
date and time (800,000 = 8,000,000 / [6 + 4]). However, we have battery power for only
185,000 samples (= 30983 hours * 6 samples/hour). As with the SBE 16, we are
battery-limited.

Note that battery capacity depends on operating temperature; capacity is reduced as
battery temperature goes down. With profiling applications, an instrument may spend
part of its time in cold water. In moored applications it is not unusual for an instrument to

spend its entire deployment in cold water.
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Battery Endurance: SBE 37 MicroCAT

SBE SBE 37-IM MicroCAT
Battery Endurance

*  Six 9-volt lithium batteries, de-rated to 5 amp-hours

* 10 Inductive modem MicroCATs with pressure sensors d
sample every 10 minutes and be queried every hour

e Sampling time is 3 seconds

Sampling current consumption = 30 mA * 3 s

=0.09 amp-sec/sample

In 1 hour, sampling consumption = 0.09

— Communications current consumpti
=5 mA * 0.5 sec/MicroCAT * 1

— Quiescent current consumpti

= 0.36 amp-sec/hour

Capacity = (5
= 19459 hoi

As we have come to expect, the MicroCAT has more memory than batteries.
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Battery Endurance: SBE 39

= 0.036 amp-sec/hour
— Total current consumption = 0.276 + 0.036
+ Lithium battery capacity =
(1.1 amp-hours * 3600 sec/hour) /
=528 days = 1.45 years
« Alkaline battery capacity =
(0.3 amp-hours * 3600

“e=  SBE 39 Battery Endurance

» SBE 39 with pressure sensor, samples every 5 min

— Sampling current consumption = 0.023 amp-sec/sample
In 1 hour, sampling consumption = 12 * 0.023 = 0.276

— Quiescent current consumption = 0.01 mA * 3600

Sea-Bird provides a battery endurance calculator, SBE Battery Budget Calculator, which

can perform these calculations for our moored instruments. The calculator, an Excel

spreadsheet, is available on the training CD as well as on our website.
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Activity

SBE Activity:
Calculate Battery Endura




Module 11

Setup of Moored
Instruments
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Overview

[COUTe T

Setup of Moored Instruments

* In this module we will discuss:
— Sample theory (briefly)
— Seaterm, the user interface
— Status reports, header listings,
— Preparing for deployment
— Conversion of data t
SBE Data Processi

In this module we will discuss setup of moored instruments for deployment, considering

sampling theory, the user interface, and instrument status reports.

By the end of this module, you should be able to:
e Understand what sort of time-scale phenomena you can observe with a given
sampling rate
e Judge your instrument’s readiness for deployment based on its status report
e Prepare your instrument for deployment

e Convert data from your instrument to a format that can be processed by

SBE Data Processing
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The Sampling Theorem

sBE
Measuring Periodic Signals

+ Sampling theorem:
— Given a time or space varying signal, x(t), where x(t)
is bandlimited with X(®)=0 for |®|> ®,,.
— Then x(t) will be uniquely determined by its sample:
x(nT), n=0,£1,+2 ...
— if o > 20, Where: o, =21/T
+ Sampling theorem in English:

— You can observe changes in par
only half as fast as you are s

— This holds true for dis

It is rather difficult to understand what this has to do with making measurements in the

ocean by looking at the math.

The sampling theorem tells us how much information we can extract from a signal, given
the rate at which we sample. In this case, the signal is any of the parameters we measure
in the ocean. The sample rate is the rate at which the instrument makes a measurement or

takes a scan.

The sampling theorem states the highest frequency of information we can extract from a
signal is half the frequency that we sample. This means that if you sample at once an hour

you can resolve signals that occur with a 2 hour period.

This holds true for distance as well as time. If we place instruments 10 meters apart on

out mooring, we can resolve signals that have a length scale of 20 meters.
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Sampling Theorem: Sampling Examples

SBE .
et Sampling Examples
Blue line = what we want to measure

Pink squares = where we measured
Pink line = what we think blue line looks like based on measurement

%‘\\ Pink line.~”
N. _ ——~ Blueline
N~

Top Illustration - Under Sampled:

Suppose we wish to measure a sine wave that has 16 cycles per hour. However, our
sampling equipment is only capable of taking a measurement 5 times per hour. The upper

line is our estimate of what the sine wave looks like.

Bottom Illustration - Properly Sampled:

This signal is properly sampled; the upper line is a complete representation of the

lower line.
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Resolution and Sampling Theory

SBE
[COUTe T

Resolution and Sampling Theory

* You can only resolve events that happen at
half the frequency you sample

* You can only resolve length scales th.
twice the size of your mooring sp

In the profiling section of the course, you will recall we spent some time considering
what sort of events or characteristics in the ocean we could expect to resolve given the
sensor characteristics, sampling rates, and the lowering speed of the instrument package.
The situation with moored instruments is simpler by virtue of the fact that they stay in
one place (hopefully) and their sampling rates are usually slow enough that sensor
characteristics are not an issue. Thus, you can resolve events that occur on time scales of

10 seconds to 18 hours given sample rates of 5 seconds to 9 hours.

In the length domain, the characteristics you can resolve depend on the spacing of
instruments on the mooring and the space between moorings. As in the time domain,
you can resolve characteristics that occur on scales that are twice your spacing on

the mooring.
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Seaterm: User Interface

SBE
[CTCCEC)
Seaterm

* Seaterm provides means to:
— Set up an instrument for deployment

— Transfer data from an instrument t
user’s computer

— Do data conversion for S

allow further processi

processing softw

Even in moorings that use inductive telemetry, the data that is stored in the instrument
is of interest. There may be occasions where the link between the surface buoy and the
ground station malfunctioned, or the telemetered data may be a subset of that collected
by the remote instrument. Seaterm provides the facility for data transfer and for the
conversion of SBE 37 and SBE 39 data to a format that can be used by the processing

programs in Seasoft.
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Setting up Seaterm for Communications

SBE
[CEUST U
Setting Up Seaterm Communications

SBE 16 Configuration Options

e Set firmware revision

COM Settings | UplosdSeltngs | Heate Ifumaion
fOI' SBE 16 ~EPROM Version
S N | ™ Wersion less than 4.0 O Version 4.0 o greater
* Set appropriat
pp Op o & COMM Port. Baud Riate ~Mode
communication mode N N G| L e
A ngs"i [Half Dples)
fOI‘ lnStI'ument -'E:a?s‘u(‘? 1 |nductive Moden
« Except SBE 16, e ey
N |'(?-Ever\ * 0dd " Nang ‘
all moored instruments
have 8 data bits and =l e
no parity

For the SBE 16, older versions of firmware (EPROM version) do not support a shift to
higher baud rate during data transfers. If the firmware selection is not properly set, the

data transfer will fail.

The SBE 16plus, 37, and 39 do not support the shift to higher baud rate for data transfer;

9

the user sets the baud rate with the baud= command. Also, only 8 data bits, 1 stop bit,

and no parity is used for these instruments.

Note that three different types of serial communication are supported in Seaterm:
e RS-232

e RS-485, which allows instruments to be wired in parallel and addressed by

ID number

e Inductive modem, which we discussed in the previous module

The SBE 37 and 16plus are available in models to support each of the three types of
serial communication; the SBE 39 is available in both RS-232 and inductive modem

models.
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Seaterm: Upload Types

sBE
Upload Types

SBE 39 Configuration Options

* Moored instruments

tings: | _Heade rfcmelon
— All as a single file:
All scans

UpbadBaudiate  [550) -

— By scan number
range: Seaterm
prompts for
beginning and
ending scan numbers

i Cancel | ém_&sl Defaut | Help | o |

Profiling instruments usually transfer data in casts. Moored instruments typically dump

all their stored data at once.
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SBE 16plus Status Report and Data Headers

SBE
sssssss¢ . SBE 16plus Status and Headers

J.- SeaTerm Version 1.24 - [SeaTerm] S[=] B3
3+ File Configue Communications Utiities Dats View Help =12 x|

= A > - =
| e 5 )
@ e, | | S i =0 E=

i e 2!
Connect | Ststus | Headers |Coefficients| Intlog | Captwe | Upioad | Conver |Disgnostics| Stop | Disconnect

s>ds
SBE 16plus V 1.6e SERIAL NO. 4300 03 Oct 2005 14:11:48

vbatt = 10.3, vlith = 8.5, ioper = 62.5 ma, ipump = 21.6 ma, iserial = 48.2 ma
status = not logging

sample interval = 15 seconds, number of measurements per sample = 2

samples = 823, free = 465210

run pump during sample, delay before sampling = 2.0 seconds

transmit real-time = yes

battery cutoff = 7.5 volts

pressure sensor = strain gauge, range = 1000.0

SBE 38 = no, SBE 50 = yes, Gas Tension Device = no

[Ext Volt 0 = no, Ext Volt 1 = no, Ext Volt 2 = no, Ext Volt 3 = no

lecho commands = yes

output format = raw HEX

serial sync mode disabled

S>

S>dh

hdr 1 02 Oct 2005 09:12:43 samples 1 to 300, int = 15, stop = stop cmd

hdr 2 02 Oct 2005 15:12:43 samples 301 to 823, int = 15, stop = stop cmd

S>

SBE1ERhs ver ? COM 1 9600,8,1.n by scan range Captuting /

The 16plus status report has:
e Firmware revision, serial number, date and time.
e Battery voltage, back-up battery voltage, and operating current.
e Status: logging or not.
e Sample interval and number of measurements that are averaged to make a sample.
e Number of samples stored and amount of space free.
e Parameters related to the pump and auxiliary sensors -
- pump mode (no pump, run for 0.5 sec before each sample, or run during each sample)

- delay before sampling (seconds after switching on power that auxiliary sensor measurement
is made)

e Transmit real-time data or not.
e Battery cut-off voltage.
e Pressure sensor type and range.
e  Whether an external SBE 38, SBE 50, or GTD is attached.
e  Which external voltages are sampled.
e Show entered commands on screen as you type?
e Output data format -
- raw frequencies and voltages in hexadecimal
- data converted to scientific units but output in hexadecimal
- raw frequencies and voltages in decimal
- data converted to scientific units output in decimal; whether salinity and sound velocity output

Note that uploads initiated via Seaterm’s toolbar are always uploaded in raw frequencies
expressed in hexadecimal.

e Serial synchronization mode enabled or disabled.

Header entries have start date and time, sample range, and sample interval as well as the reason
for ending data collection.
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Data Format: SBE 16

o SBE 16 Data

S>dd31,10

» Data is in hexadecimal
format, T and C only

 Adding auxiliary sensors
add bytes to the scan

This data is an ASCII representation of hexadecimal numbers. This representation allows

the data file to be readable with any text editor.
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Data Format: SBE 16plus

sBE
SBE 16plus Data Formats

« Raw data in hexadecimal
0442F20A8A7309B04A4D2C28730D24
04429D0A8BA6F09B0494D4828730D42
0442210A8A6C09B04A4D3A28730D60

¢ Converted data in hexadecimal
32505C0F51F601867A28730D24
3253760F51EA01867A28730D42
3257F70F51E101867A28730D60

« Raw data in decimal
279282, 2698.449, 634954, 1.5073, 03 Jul 2001, 11:57:24
279197, 2698.434, 634953, 1.5094, 03 Jul 2001, 11:57:54
279073, 2698.422, 634954, 1.5084, 03 Jul 2001, 11:58:24

« Converted data in decimal
22.9737, 0.00402, -0.037,03 Jul 2001, 11:57:24
22.9817, 0.00401, -0.038, 03 Jul 2001, 11:57:
22.9932, 0.00400, -0.038, 03 Jul 2001, 11:

A complete description of these formats is found in the manual.

Raw data in hexadecimal example:

SBE 16plus with strain gauge pressure sensor and two external voltages sampled,
example scan = ttttttccccceppppppyVVVVVVVVVVVSSSSSSSS
=0A53711BC7220C14C17D820305059425980600

Converted data in hexadecimal example:

SBE 16plus with strain gauge pressure sensor and two external voltages sampled,
example scan = ttttttccccceppppppVVVVVVVVSSSSSSSS
=3385C40F42FE0186DE0305059425980600

Note that some of the hexadecimal numbers are scaled. For example, in the raw
hexadecimal data, the conductivity frequency is multiplied by 256. In the converted

hexadecimal data, temperature is multiplied by 100,000 and conductivity by 1,000,000.

Raw data in decimal example:

SBE 16plus with strain gauge pressure sensor and two external voltages sampled,
example scan =

tttttt, cccc.ccc, pppppp, V.vvvy, v.vvvy, v.vvvy, dd mmm yyyy, hh:mm:ss
=676721,7111.133, 791745, 2.4514, 0.0590, 0.1089, 12 nov 2000, 12:23:05

Converted data in decimal:

SBE 16plus with strain gauge pressure sensor and two external voltages sampled,

example scan = ttt.tttt, cc.cccec, pppp.-ppp, V.-vvvy, v.vvvv, dd mmm yyyy, hh:mm:ss

=23.7658, 0.00019, 0.062, 0.0590, 0.1089, 12 nov 2000, 12:23:05
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Data Format: SBE 37

SBE SBE 37 Data Formats

» Date format =1

23.0161, 0.00002, 0.076, 08 Mar 2001, 17:10:23
23.0145, 0.00003, 0.075, 08 Mar 2001, 17:10:39
23.0125, 0.00003, 0.076, 08 Mar 2001, 17:10:54

* Date format =2
23.0161, 0.00002, 0.076, 03-08-20
23.0145, 0.00003,
23.0125, 0.00003,

The basic SBE 37 data format is temperature, conductivity, pressure (if installed), date

and time. The SBE 37 offers two date formats in the data output:
e dd mmm yyyy
e mm-dd-yyyy.

This is selected with the format= command. Note that there are some differences in

output format, depending on the specific model of SBE 37 MicroCAT:

e 37-IM and 37-IMP: The format= command also affects the output units for

conductivity: S/m for format=1 and mS/cm for format=2.

e 37-SM and 37-SMP: Can also output salinity and/or sound velocity if desired,
with the use of the appropriate setup commands. Can suppress storage and output
of date and time with the use of the appropriate setup command.

e 37-SI and 37-SIP: Can also output depth, salinity, sound velocity, and/or density
sigma if desired, with the use of the appropriate setup commands. Can suppress

output of date and time with the use of the appropriate setup command.
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Data Format: SBE 39

SBE
[COUTe T

SBE 39 Data Format

The SBE 39 data format is temperature, pressure (if installed), date and time.
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Converting Sensor Output to Scientific Units

SBE
Converting Sensor Output
to Scientific Units

* SBE 16 stores and reports data as frequencies and
voltages
— Use Data Conversion utility
* SBE 16plus can report data in scientific
or as frequencies and voltages
— Data uploaded as hex, use Data Con
* SBE 37 and 39 report data in
— Use Seaterm or DOS conv:

The SBE 16 requires the same sort of data processing as was discussed in the
previous part of the course, beginning with Data Conversion and ending with

Bin Averaging.

The SBE 16plus can report data in scientific units. However, when Seaterm’s
toolbar is used to retrieve data, Seaterm sets the output format to raw hexadecimal
data, to provide a file that is compatible with SBE Data Processing. This data

requires conversion with the Data Conversion module in SBE Data Processing.

The SBE 37 and 39 report data in scientific units and Seaterm retrieves the data in

this format.
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ASCII Data Conversion Utilities

SBE
Secceces

applications

Converting ASCII Data for
Processing with Seasoft

» Data from the SBE 37 and SBE 39 can
“converted” to the .cnv format for
processing with Seasoft data pr

— Convert button in Seate
— DOS utilities CNV

SBE 37s and 39s report data in scientific units in a format that is not compatible with

Seasoft’s post processing utilities. If you wish to do any processing of this data with

SBE Data Processing, you have to convert it to the .cnv file format. There is a utility that

is part of Seaterm or DOS utilities to perform this conversion.
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Preparing for Deployment

SBE
Preparing for Deployment

* Install fresh batteries
* Clear memory of old data

» Check temperature and conductivi
other sensors

» Set internal clock

» Set ID for instruments
or RS-485

We are going to discuss preparation for deployment next. Some of these items need little

explanation, while others require more consideration.

Sea-Bird instruments stop recording data when the memory is full. It is very important to

clear the memory before you start.
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Preparing for Deployment: Sensor Check

SBE
[CoUC U=

Pre-Deployment Sensor Check

» Use the TS command to check nominal
functionality of all sensors

 Check conductivity zero frequency a
calibration sheet

Before you invest a great deal of time and effort deploying a mooring, it is a great idea to
send your instrument in for calibration. It is an excellent check on its functionality, not to
mention its accuracy. If you are unable to do this, check to see that all the sensors are
presenting nominally correct output. Sea-Bird moored instruments, with the exception of
the SBE 16, have calibration coefficients stored internally and are able to output

measurements in scientific units.

The best spot check for the conductivity cell is to observe its zero conductivity frequency.
To do this, rinse the cell in distilled or de-ionized water and shake any remaining drops
out. The sensor should read very close to the zero conductivity reading on the calibration
sheet. If it does not, the cell may be dirty or damaged. Try cleaning it with a non-ionic

detergent such as Triton X.
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Preparing for Deployment: Clocks

SBE Clock Drift

« All internal clocks use a 32,767 Hz
crystal oscillator

— 32,767 is divided by a binary counter for a 1 Hz
clock tick

» The frequency of the crystal is affected
by temperature

» SBE 37 and old SBE 39 clocks are calibr:
corrected for the temperature effect

* SBE 16plus and new SBE 39s of:
compensated oscillator with e

All clocks drift. If you put 10 instruments on a mooring, all set to the same time, and
come back 1 year later, they will all report different times. This can lead to some
difficulties when you process the data. Clocks drift because of instability of the crystal
oscillator that the clocks use to keep time. A small change in oscillator frequency will

translate into a clock that runs fast or slow.

For this reason, Sea-Bird calibrates the clock frequency versus temperature and corrects
for drift each time an SBE 37 or older 39 wakes to take a sample. To ensure the time
between samples is consistent, each time the instrument wakes and takes a sample, the
time to the next sample is set to be the calibrated time interval between samples, not the
next clock time. This ensures a data series that is evenly spaced in time. Otherwise, the

time between samples would vary depending on temperature’s effect on the oscillator.

The SBE 16pl/us and newer SBE 39s use a temperature-compensated oscillator that
provides a very stable time base. Previously these were not available in a small enough

package to make them practical for a moored instrument.
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Preparing for Deployment: Cables

SBE
JCTCC
Check Your Connectors and Cable

¢ Check all the cabling

* Remove the cables from thei
bulkhead connectors

— Inspect the bulkhea
mating pieces
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Preparing for Deployment: SBE 16plus Pump
Operating Modes

SBE
SBE 16plus Pump Modes

* No pump
— No mystery here
* Pump for 0.5 seconds before sample
— T & C only, ventilates the cell, saves po
* Pump on for entire sample period

— For auxiliary sensors with lon
* Dissolved oxygen
* Fluorometer

Experience with the SBE 41 ALACE CTD has led Sea-Bird to adopt the protocol of
ventilating the conductivity cell for a short time before measuring the conductivity, and
then turning the pump off. This saves power and has the additional benefit of reducing
bio-fouling inside the cell while the pump is off and the instrument is waiting for the next
sample. With this protocol the power requirement is small enough to allow long-term

deployment at reasonably short sampling intervals (e.g., 15 minutes).

If you are using sensors with a comparatively long time constant, run the pump
throughout the sample interval. Recall from the slide that showed the 16plus status report,
you can set the delay from the start of the sampling period to the moment when the
auxiliary sensor is measured. This allows you to give a slow sensor 5 or 6 time constants

to equilibrate.
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Preparing for Deployment: Setting Up for Dissolved
Oxygen Sensors

%55 Stabilization of Moored Dissolved

Oxygen Sensors

: 28 seconds at 1.7 °C
Y

& 99% of final value l

1
1 K ﬁ 1
*

]\
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Time in Seconds

Oxygen sensors installed in moorings are always pumped and are typically plumbed
between the pump and conductivity sensor of an SBE 16p/us. Between samples the pump
does not run and water ceases to move past the oxygen electrode. As we have discussed,
the electrode of the SBE 43 oxygen sensor is powered by an internal battery. When the
water becomes still, the electrode depletes it of oxygen; if the 16p/us were to continue
logging data you would observe oxygen concentration inside the sensor plenum
approaching a steady state well below the ambient oxygen levels. When the 16plus
initiates a normal sampling interval by turning on the pump, you would observe a curve
similar to the ones shown above. The water flow establishes a normal boundary layer
above the oxygen electrode and the sensor equilibrates to the ambient oxygen level. The
time required to reach 99% of the final equilibrium value depends on temperature,
warmer water allowing faster equilibration. The arrows on the plot show the point at

which the sensor has achieved 99% of the final value at each temperature.
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Preparing for Deployment: Setting Up for Dissolved
Oxygen Sensors (continued)

@sswawg Stabilization Time Versus

Temperature of Moored Dissolved
Oxygen Sensors

w
o

\ * Time to 1% of final value

u Time to 5% of final value

I

N N
o o

Time in Seconds
o o

0 10 20 30 40
Temperature in Degrees C

This plot is derived from the preceding plot and may be used to determine the time
required from power up and pump turn on to the availability of an acceptable dissolved
oxygen sample. For example, if you were working in 20° C water and wanted your
oxygen data to be better than 1% of actual ambient oxygen concentrations, you would
want the sample interval to be longer than 11 seconds. Set the SBE 16p/us pump mode to
pump during the entire sample time (mooredpumpmode=2), and set the delay before
sampling to 15 seconds (delaybeforesampling=15). We have allowed 4 extra seconds in
our sampling time; this ensures that if the instrument finds itself in colder than

expected water, that the sample will still be good. Note that longer pump times reduce

battery endurance.
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Preparing for Deployment: Starting Logging

SBE
Log Data Now or Later?

» Use the startnow command to begin
logging data immediately
* To begin logging later:

1. Use the startmmddyy= co
to start logging

2. Use the starthhmmss:
time on the date e

You have the option of setting a logging start time and date, allowing you to begin data
collection once the mooring is in place. The risk you run is that you might not place the
mooring when you planned to. There are always some risks in life. The alternative is to

trim off data that is meaningless at the beginning of the file.
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Preparing for Deployment: Inductive Modem Systems

Do not change the ID of an inductive modem equipped instrument when another
instrument is on the same loop; this will cause both instruments to take the same ID. The
telemetry system will not work properly for those instruments, because they will try to
use the link at the same time. The inductive modem receiver in the instruments is very
sensitive. Two instruments that are side-by-side will take the same ID even if one of them
is not connected to the loop. You must separate IM instruments by at least a meter when

you change IDs.

SBE
[COUC S

Inductive Modem IDs

* Valid range for ID numbers is 00 — 99

* There must be only one instrument on t
loop when setting IDs

» IM receiver is very sensitive; i
not on the loop, but near th
receive the ID change
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Preparing for Deployment: Inductive Modem Systems
(continued)

e Getting Data to the

Surface and the Shore

* You are responsible for the communication:
link between the surface buoy and the s
— Satellite
— Cell phone
— Radio modem
* You are responsible for
computer that reque
moored instrume

The complete inductive mooring system requires a computer at the surface, to send
commands to the instruments via the surface inductive modem and to communicate with
the shore. Sea-Bird has customers that use ARGOS satellites, some that use cell phones,
and some that use radio modems. It is your responsibility to develop the hardware and

software to perform these duties.
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Preparing for Deployment: Inductive Modem Systems
(continued)

28E Requesting Data from

Moored Instruments

* pwron causes the buoy modem to send a wake-up
tone down the inductive link

+ gdata tells the moored instruments to prepare a
data scan for transmission

+ dataii requests the instrument with the I
transmit the scan

» pwroff causes all instruments o
go to sleep

Communication with the moored instruments is simple. Sending pwron to the surface
modem’s serial port causes it to wake all the remote instruments with a 4800 Hz tone.
Once awakened, the gdata command causes the modems on the moored instruments to
request the last sample or an average of the samples taken from their instruments
(depending on the instrument and its setup). Then each instrument in turn is queried for a
sample with the dataii command, with ii being the instrument ID (for example, data01
queries the instrument with ID=01). Finally, pwroff puts all the instruments to sleep. If
no pwroff is issued, the instruments go to sleep after 2 minutes. Thus, if the sampling
protocol requires more than 2 minutes, a pwron must be issued to make sure that none of

the moored instruments has gone to sleep.
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Preparing for Deployment: Inductive Modem Systems
(continued)

o Inductive Telemetry

Troubleshooting

* Inductive communication is one way at a
time (half duplex)

* Instruments with the same ID will compet
for the link

* Ifrequest for data occurs during d.
acquisition, the request will be i

The inductive link is half duplex. This means that only one device on the link may be
actively transmitting data at a time. If the situation occurs where two devices are trying to

transmit, the communication will be corrupt.
If two devices have the same ID, the above problem will occur whenever that ID is used.

Usually, moored instruments sample on schedule. If the inductive link becomes active
while an instrument is sampling, a request for data may be ignored. This can occur
because of clock drift in the buoy. If the buoy is equipped with a GPS, the GPS is a good

source of time.

A final note on preparing moored instruments for deployment: Application Note 83
provides a checklist for moored instruments, intended as a guideline to assist you in

developing a checklist specific to your operation and instrument setup.
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Activity

Command
*cn
mmddyy=
hhmmss=
interval=30
samplenum=0
format=1
storetime=y
txrealtime=y
syncmode =n
ds

SBE
Activity: Setup and Logging

+ Cable your computer to an SBE 37
* Execute the commands shown in your

+ Start logging with the startnow c
to collect a bench mooring

 Stop logging with the sto
Upload and check o

Description

Take instrument out of calibrate mode

Set date, month day year

Set time hour minute second

Set sampling interval

Reset memory

Set date format to dd mmm yyyy
Store sample time with each sample
Transmit sample as it is taken
Disable serial sync mode

Get instrument status to verify setup
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2 Module 12: Moored Data Quality

Overview

SBE Getting the Highest Accuracy

Data: Moored

Care of sensors in field

Bio-fouling

Data example

Sensor drift characteristics
* Pre- and post-deploym
Field calibrations

In the module we will discuss the means to get the highest accuracy in your moored
measurements. This includes care of sensors in the field and understanding sensor drift
characteristics. Moored instruments can exhibit unexpected drift in conductivity. Topics

covered include pre- and post-deployment calibrations, field calibrations, and bio-fouling.

By the end of this module you should be able to:
e (Care for your moored sensors
e Know how to reduce bio-fouling
e Understand sensor drift
e Correct data for sensor drift with pre- and post-calibration

e Compare data from your mooring with data collected with a profiling instrument
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Care of Sensors in the Field

SBE
Care of Sensors in the Field
in General

* Bio-fouling is the
major problem with
moored instruments

» Conductivity and

dissolved oxygen are
susceptible

This SBE 37 is deployed in the tide waters of Georgia. Biological activity surges when
the water temperature exceeds 20 °C. The researcher uses extra bio-fouling protection on
each end of the conductivity cell and protects the pressure housing of the instrument with

packing tape and silicon grease.
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Care of Sensors in the Field

Care of Sensors in the Field

 Temperature and pressure

— Most time series measurements have long sam
intervals; fouling is not a problem

— Keep inlet to sensor free of debris
+ Conductivity and dissolved ox
— Very sensitive to fouling, bi
— Reduce biological fouli

As we have discussed, thermometers are very robust. In moored applications, the
sampling interval is much longer than the time constant of the thermometer, so except in

extreme conditions fouling does not affect thermometers.
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Care of Sensors in the Field: Conductivity

SBE
Care of Sensors in the Field:

Conductivity

» Conductivity cells are very sensitive
to coatings on inside of cell

Salinity Error =35 [1 _ Jouled diaiiiy

clean diame

=35 (1-(3.998

Conductivity sensors are another matter. Recall this slide from a previous discussion.
A very thin coating can change the cell geometry, having a large effect on the

conductivity measurement.
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Care of Sensors in the Field: Conductivity (continued)

SBE
Care of Sensors in the Field:
Conductivity

» Conductivity
cells may be
equipped with
AF24173
Anti-Foulant

Devices
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Care of Sensors in the Field: Conductivity (continued)

g@ Care of Sensors in the Field:

Conductivity

* Fouling caused
significant drop
in salinity signal

* Most active )
bio-fouling »
occurs at m
temperatures 8 i
above 20 °C i g,

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

This plot is data collected at the site pictured on this module’s second slide. Looking at
the data set, it is obvious where fouling overwhelmed the instrument. At this site, it was
not uncommon for larger animals to take up residence in the conductivity cell, resulting
in a large disturbance in the data. Bio-fouling protection is meant to kill bacteria and
larval animals that would settle inside the cell. Large animals (like a crab) will be killed,

but more slowly, falling out of the cell after death.

We are grateful to Susan Elston at Skidaway Institute of Oceanography, Savannah,
Georgia for sharing her photographs and data with us.



8  Module 12: Moored Data Quality

Care of Sensors in the Field: Conductivity (continued)

SBE
Care of Sensors in the Field:

Conductivity

* How to tell when cell has sustained physical
damage or is dirty

— Rinse cell thoroughly with distilled or
de-ionized water

— Check sensor frequency (zero frequ

against calibration certificate

» Numbers should agree to withi

* Noisy readings indicate

As we discussed in the previous module, checking the zero frequency of a conductivity

cell is a great way to do a spot check on the health of the sensor.

If you are servicing moorings and do not intend to bring them in for calibration, a
cleaning of the conductivity cell with hot 10% Triton-X solution is a good idea. If you
suspect that the cell has been overrun by calcareous organisms, then a rinse with

10% HCI will help by removing any calcium carbonate that may have been deposited.

The conductivity cell is made of a glass tube, with cylindrical platinum foil electrodes
within. A brush through the cell risks dislodging the electrode and ruining the cell.
Further, the electrodes are coated with a finely divided metallic platinum known as

platinum black. This coating is delicate and will be damaged by a brush.
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Care of Sensors in the Field: Dissolved Oxygen

membrane permeability

* Membrane permeability is
by oil coating, bacteria
other sorts of fouli

Care of Sensors in the Field:
Dissolved Oxygen

* Oxygen sensors measure flux of oxygen
across a Teflon membrane through
electrolyte and into a gold cathode

* Measurement is sensitive to

Oxygen sensors become less sensitive when then are fouled. One way to spot check your

sensor is to place it in clean, quietly stirred water. You should get a reading near the

oxygen saturation value for that temperature. Oxygen saturation is difficult to achieve;

vigorous stirring will almost always over-saturate, and water that is changing temperature

can be over- or under-saturated. Remember that the oxygen electrode depletes oxygen at

its surface; it requires moving water to make an accurate reading.
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Care of Sensors in the Field: Dissolved Oxygen
(continued)

SBE
Care of Sensors in the Field:
Dissolved Oxygen

» Oxygen sensitivity may be restored by
rinsing membrane in dilute chlorine ble
followed by dilute Triton-X

* Rinse oxygen sensor in dilute Tri
prior to deployment to prot
it goes through sea surf:

* Do not store oxyge
solution

Clean your dissolved oxygen sensor with a 50:1 chlorine bleach solution (50 parts
de-ionized water to 1 part chlorine bleach). Follow this with a wash with a 1% Triton-X
solution. Repeat these 2 steps as necessary.

See Application Note 64 for details on oxygen sensor cleaning and storage.
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Correcting Data

gor Sensor Drift

* Drift same as profiling instruments
* Pressure and temperature drift as off

— Typical temperature drift rates for
37, and 39 are 0.0002 °C/mon

— Typical pressure drifts are li

0.0015% - 0.004% ful

» Conductivity and

— Conductivity
Siemens/!
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Correcting Data

SBE Correcting Data With Pre- and
Post- Deployment Calibrations

* Pre-/Post- deployment calibrations are only way for
temperature
» Conductivity cell storage between retrieval and calibration:
— If stored in seawater, further bio-fouling may occur
— Short-term storage (< 1 day): fill with distilled or de-ionized water
if no danger of freezing
— Long-term storage (> 1 day): rinse with distilled or de-ionized
water, store dry, close ends
» Oxygen sensor storage between retrieval and calibrati
— If stored with seawater, further bio-fouling may occur
— Because electrode is polarized, sensor will drift in
— Short-term storage (< 1 day): place small, wats
or piece of foam in a Tygon tube looped fro
— Long-term storage (> 1 day): store dry,
from inlet to outlet

Conductivity cell:

Short-term storage: If there is no danger of freezing, store the conductivity cell
with distilled or de-ionized water in Tygon tubing looped around the cell. If there
is danger of freezing, store the conductivity cell dry, with Tygon tubing looped
around the cell.

Long-term storage: Since conditions of transport and long-term storage are not
always under the control of the user, we recommend storing the conductivity cell
dry, with Tygon tubing looped around the cell ends. Dry storage eliminates the
possibility of damage due to unforeseen freezing, as well as the possibility of bio-
organism growth inside the cell.

See Application Note 2D for details.

Oxygen sensor:

Short-term storage: If there is no danger of freezing, place a small piece of clean
sponge, slightly dampened with fresh, clean water, in the center of the tubing (not
near the membrane). If there is danger of freezing, store the oxygen sensor dry,
with Tygon tubing looped from inlet to outlet.

Long-term storage: Since conditions of transport and long-term storage are not
always under the control of the user, we recommend storing the oxygen sensor
dry, with Tygon tubing looped from inlet to outlet. Dry storage eliminates the
possibility of damage due to unforeseen freezing, as well as the possibility of bio-
organism growth inside the cell.

See Application Note 64 for details.
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Correcting Data Example

[COUTe T

An Example Data Set

» Japan Marine Science
and Technology
Center (JAMSTEC)
has placed moorings
in the Equatorial
Pacific

We are going to look at the results of a mooring program carried out by the Japan Marine
Science and Technology Center, JAMSTEC. This agency has a mission similar to NOAA
in the US. JAMSTEC has placed moorings in the Eastern Equatorial Pacific, which use
inductive telemetry to report data in real time via the ARGOS satellite system. The

mooring program started in 1998 and continues today.
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Correcting Data: Example (continued)

SBE
SeeceeeT 2
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Correcting Data: Example (continued)

SBE .
sweeee  Sea Surface Density at SN 147E
- - 1.5 meters
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Correcting Data: Example (continued)

SBE Sea Surface Temperature
at SN 147E
304
‘ - 1.5 meters
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E
o
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Correcting Data: Review

SBE
SeececeT

— Best accuracy: +£0.000
* Salinity: 2 to 42

Ranges of Oceanographic
Parameters
* Temperature: -2 to 35 °C

— Best accuracy: £0.001 °C
* Conductivity: 0.0 to 7.5 Si

We saw this slide in module 0 in the introduction to oceanographic concepts. These

ranges and accuracies will provide a bench mark to evaluate the data that follows.
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Correcting Data: Review

[COUTe T

Variability at 50 and 100 meters

« Data was collected at 10 minute intervals

50 Meter Mooring in Equatorial Pacific 100 Meter Mooring in Equatorial Pacific

34914

34.912 M
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z

£ 34908 .

5 34906 \\
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34.902

349
0:00:00  1:12:00  2:24:00  336:00 4:48:00  6:00:00
Time

0:00:00  1:12:00  2:24:00  336:00  4:48:00  6:00:00
Time

We are going to be comparing data collected by moored instruments with data collected
in a CTD profile. It is important to keep in mind that even though the mooring is fixed in
place, the ocean moves around it. There can be substantial variability over a fairly small
time interval. Most of the time there is little hope of having the CTD in place at the

moment the moored instrument is taking a measurement.
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Correcting Data: Example (continued)

SBE  Temperature Drift Estimated
from Calibrations

* Temperature drift w1 ——
00090 4]

for days < 0 are o || e
pre-deployment g )
0.0050
0.0040 v
0.0030 o+
0.0020
o001
0.0000
* Thermometers 2000
did not drift ppond

-0.0030
appreciably g
during
deployment

* Temperature drift
for days > 0 are
post-deployment

SBE37- CT Bath : Terperature (K}

JAMSTEC has installed calibration equipment that allows them to monitor the drift of
their sensors before they are deployed. The plot above shows drift of their temperature
sensors before and after deployment at three temperatures. As you can see from the plot,
with a few exceptions the thermometers are very stable: £0.002 °C is within the initial

accuracy specified for the SBE 37.
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Correcting Data: Example (continued)

SBE

coTTeaTT

* Note different 0o
drift amount in oois

relation to
mooring depth

0010

0.003

* Deep moorings
show almost

0.000

SBE37 - CT Bath : Conductivity(S/m)

no drift e
* Shallow e

moorings 0013

exhibit

positive drift

Conductivity Drift Estimated
from Post-Calibrations

— 0-100dh
— 125-200db
— 250-750db

In this plot the drift is estimated at a conductivity value of 6 S/m, and instruments are

lumped by mooring depth. Instruments moored in deep water show almost no drift. Those

within the surface layer show a positive drift that increases with time. Drift in

conductivity sensors is caused by a change in the cell characteristics - either a change in

the cell dimensions or electrode characteristics. Note the large error bars on the plot;

conductivity drift often has an episodic nature owing to cell fouling due to handling or

deployment. The mooring recovered at 90 days has larger error bars and the only

negative drift shown. This reinforces the idea that there may have been some incident at

or before deployment responsible for the observed drift.
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Conductivity: Positive Drift

%55 What Causes Positive Drift

in Conductivity?

* We don’t know

* We observe:
— Only occurs in surface ocean

— Appears to be more co
high productivity

We have no substantiated ideas regarding positive drift, although it has been observed by
researchers in various parts of the world. Anecdotally, when positive drift is observed, it
occurs in the instruments in the surface part of the mooring. Also, it seems to occur in

areas of high productivity and in areas with strong surface currents.
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Conductivity: Positive Drift (continued)

o) What do We Think Causes
Positive Drift in Conductivity?

* Recall coatings are the cause of negative
conductivity drift
— A 0.001 mm coating causes a 0.035 PSU shi
* Positive drift may be caused by the r
of glass from the bore of the cell
tests of plankton

One possibility is that the hard parts of phytoplankton may abrade the glass of the cell as
they pass through. This causes the cross-sectional area of the cell to increase. The
conductivity measurement depends on the cell volume; an increase in cross-sectional area
will cause the volume to increase. If a cell is calibrated with a starting volume V and the
volume is increased at a later time to (V+AV), the conductivity value calculated with the

original coefficients will produce a calculated conductivity that is high of correct.

You might think that we could measure the volume of the cell and observe the change in
volume. The diameter increase that would produce the errors we are seeing are in the
micron range. This change in volume could not be measured gravimetrically. Further, the
cross-section of the original cell is not uniform throughout its length, and the abrasion is

probably not uniform either, so a comparison of cross-section is not viable.
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Correcting Data

S8E Correcting Data With
Field Comparisons

» Take a CTD cast when the mooring is
deployed and then before it is picked up

— Sometimes it is difficult to make compari
due to distance from mooring and ¢

— Conductivity drift must be acc

* Profiling dissolved oxy
calibrated with Wi

Sea-Bird does not supply software to correct time series data. These corrections are
similar to those done on a cast basis for profiled data. An incremental offset is applied
to temperature data, assuming the offset drift is linear and monotonic throughout the
deployment. For conductivity, an incremental slope is applied to the time series,
again assuming that the slope change is linear and monotonic throughout the

deployment period.



24 Module 12: Moored Data Quality

Correcting Data: Example

2BE Conductivity Drift Estimate from

Comparison to CTD

* Recall discussion 013 .

- . —0-100db
of in-situ —125-200db
comparisons in ——
Module 8

+ Considerably
more variability
here than
last plot

0.065

0.000

__,__
=
=

SBE37-SBE9Plus : Salinity(PSU)

&
2
-3
bl

N Shallow moorlng 0 60 120 180 240 300 360
still shows DAYS

Here is a salinity comparison of CTD profiles with mooring data; the data is presented as

moored SBE 37 minus SBE 9plus CTD. The scale of this plot is much larger than in the
plot we looked at on page 20, because the difference in salinity values is much higher.

Note that the deep comparisons show little difference, but the variability is quite high in
the surface layer. Recall our earlier discussion of calibration by in-situ sampling and the

plots from the Hawaii Ocean Time Series data.
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Correcting Data: Example (continued)

SBE .
e Comparison of CTD Cast
with Moored Data
@ HS a5 Salinizy 355 16 () 06 Nov. 1999 (5iiS, 156iE)
0 K‘ﬁ(ﬁ 35
200 ML? ® **\"\_ﬂ\
,}// aw 25 3
§44]1] / é . JXI_/ . n0m
g CTDcast] ?
. 600 TRﬂw LT ,%
J T Comeet
548, 1564E (6 Nov. 1999))
1000 |

Here is a plot of a CTD cast with the mooring data overplotted on it. Raw and corrected
values are shown. Although the scale is rather coarse, the correction improved the

agreement between the instruments.
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Correcting Data: Example (continued)

SBE ! g 4
cessees  [p-situ Comparison Statistics:
Mooring — CTD (all in PSU)
Raw Corrected by
Calibration
Mean 0.0152
Median 0.0168
Standard
Deviation

Here are the statistics from the analysis of seventy SBE 37s deployed for various
intervals from 13 days to over a year. It is instructive to note that the mean and median
for the raw data are very similar. The data correction process shifted the mean to a
negative value, but did not improve its magnitude. The median however was improved,
so the data analysis was successful for most instruments. The large mean and standard

deviation are likely due as much to surface variability as to measurement errors.

Plots and statistics taken from:
Matsumoto et. al.,(2001) The time drift of temperature and conductivity sensors of

TRITON buoy and the correction of conductivity data. JAMSTECR, 44
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Activity

SBE Activity: Converting and

Plotting Time Series Data

* Use Seaterm to convert the data in
C:\Data\Module12\Pacific.asc into the
.cnv format

— Reference pressure is 50 decibars

» Use Derive to add Salinity and Sigma-t
— Use name append D
— Use any .con file!

 Plot with Sea Plot

— Single X (Julian days), multip!

— Uncheck the reverse axis

A note about .con files and data from SBE 37 MicroCATs:

The SBE 37 is not user-configurable (i.e., it cannot interface with auxiliary sensors), and
it outputs converted data in engineering units (using calibration coefficients programmed
into the instrument). Therefore, it does not have a .con file (remember that the .con file
defines what sensor data is in the data stream and also defines the calibration
coefficients). But, SBE Data Processing was originally written to process data from
instruments that do have a .con file, and the Derive module therefore requires the
selection of a .con file before it will allow you to select the variables to be derived. You

can select any .con file; the selection will have no impact on the results.
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Overview

[COUC S

Waves and Tides, Theory and Setup

* SBE 26 and 26plus Wave Gauge
* Wave terminology

* Wave measurement theory
Setup of SBE 26 and 26p

In this module we will be discussing Sea-Bird’s SBE 26 and 26plus wave and tide
recorder. We will spend some time on wave terminology and measurement theory. This
topic tends to get very mathematical quickly, so we will just hit the high points. Finally,
we will discuss setting up an SBE 26 and a 26p/us for deployment.

By the end of this module you should be:
e Able to describe what sort of waves we are measuring.
e Aware of the limitations of the measurement technique.

e Able to set up an SBE 26 and 26plus for deployment.
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SBE 26 Wave and Tide Recorder

SBE
[COUC S

Recording Waves and Tides

* SBE 26 Seagauge

— Standard quartz
pressure sensor

— 8 Mb of memory

— Standard thermometer

— Optional conductivity
sensor

— As always, software
included

The SBE 26 has been in the field since 1989, and over 400 of these instruments were
manufactured. The SBE 26 uses the same pressure sensor as the 9plus, but the pressure
range is much smaller to provide higher resolution. A temperature sensor is standard

equipment, and an SBE 4 conductivity sensor may be added as an option.
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SBE 26plus Wave and Tide Recorder

sBE
Recording Waves and Tides

* SBE 26plus Seagauge —what you get with a 26, plus:

— Real-time data

— 4 times more memory
— 6 times more power endurance

— 6 times faster upload of data
from memory

— Enhanced sampling flexibility
— Optional strain gauge
pressure sensor

The SBE 26plus, an enhancement of the SBE 26, was first manufactured in 2003. While
the outside looks the same, and maintains the same dimensions (allowing you to reuse
mounting hardware purchased / fabricated for the SBE 26), there are many improvements
on the inside. Major improvements / new features are described below:

e Real-time data —output tide data, wave data, and/or wave statistics in real-time,
in addition to recording in memory

e Four times more memory, and it is FLASH RAM instead of CMOS static RAM

e Six times more power endurance — more batteries fit in the housing, and the
electronics draw less power

e Six times faster upload of data from memory, with the use of binary upload at
high baud rate

e Enhanced sampling flexibility, allowing tide sampling to be programmed to
measure tides for only a portion of the tide interval, conserving power even more

e Optional strain gauge pressure sensor for wave sampling applications, providing
reduced accuracy at reduced cost

e Improved temperature accuracy (0.01 °C vs 0.02 °C) and resolution
(0.001 °C vs 0.01 °C)

e Improved clock / counter accuracy
Quartz TCXO 1 ppm per year aging vs 2 ppm per year aging
Real-time clock 2ppm accuracy vs 5 ppm accuracy
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Measuring Tides

SBE
[COUC S

* Quartz pressure sensor has frequency output.

* SBE 26 goes to sleep, but pressure
frequency is counted continuously. SB
wakes, reads counters, and resets th

* SBE 26plus can operate like 26

Measuring Tides

By accumulating pressure sensor frequency counts for the whole sample interval, the

SBE 26 / 26plus integrates the pressure signal over the entire sampling time. If the

sample time is sufficiently long, the influence of surface waves is removed.
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Measuring Waves

SBE
[COUC S

Measuring Waves

* To make wave measurements, the press
sensor output is acquired at a maxim
of 4 Hz

+ Wave measurement sample
wave bursts
* Wave bursts must co

to perform a spec
wave burst

The spectral analysis of wave burst is based on the Fast Fourier Transform. Because of
this, the analysis is most accurate if the number of wave burst samples is a power of 2.
Further, the more samples in the wave burst, the more accurate the estimation of the
wave spectrum. You must balance the desire for accuracy with the endurance of memory

and batteries.
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Wave Frequency Spectrum

SBE
Spectral Analysis

A spectral analysis tells us how much energy is in each
wave, separated by the frequency or period of the wave

Auto Spectrum Plot, Tokyo.was
Burst 45 of 506 Start 25 Aug 1995 10:07:45 1024 point T=1024 sec
Period (seconds)
40.000 20000 13333 10000 8000 6687 5714 5000

£ 0.75]

O_UU:I\L\HJ\\JI I}\\I}\II\}\I\\}I ]

0000 0025 0050 0075 0100 0125 0150 0175 0.200
Frequency [Hz]

The characteristics of the spectral analysis are determined by the number of data points in
the wave burst, the sample rate, and the physical location of the SBE 26 or 26plus. The
characteristics we are speaking of are the band width or frequency resolution and the

maximum frequency of our analysis.
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Measuring Waves: Background

SBE
T Types of Waves

Capillary (cats paws)

— Very short period, small height,
induced by light wind

Surface gravity
— 1 to 20 second period, mostly
* Gravity waves

— Long period (>10 mi
storm surge

The SBE 26 and 26plus are engineered to measure surface gravity waves and tides. Tides
are actually waves with very long periods. These two phenomena are those of most

interest to scientists and engineers.
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Measuring Waves: Background (continued)

SBE .
- Wave Terminology

* Waves of interest in this discussion occur
on the surface of an ocean or lake, and are
called surface gravity waves

» Wave length is the distance between cre
or troughs

» Period is the time between crests

» Wave height is the distance
and trough

* Wave amplitude is
crest to mean w.

Some of the parameters that we will be able to determine for a wave burst are:
e Average wave height
e Average wave period
e Maximum wave height
e Significant wave height
= Average height of the highest 1/3 of the waves
e Significant wave period

= Average period of the highest 1/3 of the waves

e H1/10
= Average height of the highest 10% of the waves
e H1/100

= Average height of the highest 1% of the waves

It is interesting to note that the significant wave height most closely approximates the

wave height reported by trained observers at sea.
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Measuring Waves: Background (continued)

SBE
Definition of Terms

crest

Mean H

7 water level \

This slide represents a surface gravity wave with some terms shown.

Where:
L = wave length in meters
H = wave height in meters

h = water depth in meters

Additional terms:
T = wave period in seconds

G = 9.80665, acceleration of gravity, m/s’
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Measuring Waves: Background (continued)

SBE s
weec  Wave Theory: Assumptions

* Major Assumption: The sea surface
contains a jumble of waves of different
frequencies and wave lengths; we can
each frequency component separat

* Wave height H is small comp
wave length L and water

The major assumption above is known as linear theory. It supposes that the sea surface
we observe is made up of waves of different frequencies, that these waves are
superimposed upon one another, and that we can treat each frequency component or

wave separately.
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Measuring Waves: Background (continued)

SBE
Wave Theory Major Assumpti

‘What we observe

Is the sum of the
waves present

Here is an example of linear theory. The top wave form looks like a sea surface we might

observe. It 1s the sum of the three sinusoids show below it.
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Measuring Waves: Background (continued)

SBE ,
“E=<  Constraints of Theory

e For linear
wave theory oon
to be valid, acos
waves
measured
must fall .
below curve gt

Legend:

IIIIII| II\HH‘

For the math and the test tanks to work out, the waves we can measure with this
technique must fall below the line in the plot. Therefore, we are constrained in what sort

of waves we can measure.
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Measuring Waves: Background (continued)

S Subsurface Pressure Signal

Due to Surface Waves

+ As a surface wave passes over a subsurfa
pressure sensor, the elevation and
depression of the sea surface caus
pressure disturbance

* This pressure signal atte
exponentially with d

The technique we use to measure tides and waves is to place a pressure sensor
underwater and measure the movement of the sea surface above it. One characteristic of
this technique is that the signal is attenuated by the water between the sea surface and the
pressure sensor. This attenuation can be mathematically modeled and is called the

dispersion relation.
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Measuring Waves: Background (continued)

This table was made with the DOS program Wdisp. It shows that the higher the

2BE pressure Attenuation vs. Depth
Depth Wave Period [seconds]
[meters] 30 20 10 5
2 0.996 0.990 0.960 0.844
4 0.991 0.980 0.921 0.698
8 0.982 0.960 0.844 0.448
15 0.967 0.926 0.716
20 0.956 0.901 0.630
30 0.934 0.853
40 0.912 0.806
50 0.890 0.7
75

frequency (or the shorter the wave period) that you wish to measure, the closer you have

to place your pressure sensor to the surface.
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Measuring Waves: Background (continued)

SBE .
Ceeceees Pressure Attenuation V'S
Wave Period
Water Depth = 5 m Water Depth =10 m
Pressure Attenuation [p(inst) / p(surf)] VS Wave Period Pressure Attenuation [p(inst) / p(surf)] VS Wave Period

75 160 125 10 175
Wave Period (seconds)

Here are examples of attenuation curves for an SBE 26 or 26plus deployed 1 meter off
the bottom at 4 different water depths. You can observe that the slope of the curve
becomes shallower and that the minimum measurable wave period increases (frequency

decreases) as the water depth increases.
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Measuring Waves: Background (continued)

SBE
[COUC S

Attenuation Effect On Frequency

* Pressure attenuation is strongly influenced
by frequency
* For a sensor deployed at depth z, there 1
frequency f, ,, for which waves wi

frequencies f > f_ . are imme

* Noise occurring at freque
mapped by the transfe
unrealistic wave hei

There is an interesting effect of the dispersion relation on our wave analysis. If you try to
measure frequencies that are higher than f.x, you will be multiplying the noise measured
by the sensor by the inverse of the pressure attenuation. Since the pressure attenuation
becomes very small its inverse becomes very big; multiplying noise by a large number
makes it appear that you have a lot of wave energy at a high frequency. This artifact in

your data can be confusing and is something you should watch for.
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Measuring Waves: Background (continued)

SBE How Many Wave Samples

Do We Need?

* A wave spectrum is produced using a
Fourier transform

* The Fourier transform converts each sample
into an estimate of the energy contained at
particular frequency

» These estimates can be averaged i
frequency range

* The more estimates that ar
the better the statistics

The Fast Fourier Transform (FFT) produces an estimate of the energy at each of the data
points in the wave burst. The band width of each estimate depends on the sample rate.
For a 4 Hz sample rate and 128 points in a wave burst, the band width is 4 / 128 or
0.0313 Hz. Recall the sampling theory, the Nyquist frequency or maximum frequency we
can measure is %2 the sample rate. This means that we can only work out to 2 Hz and that
only the first 64 data points in our FFT have unique data in them. The points from 64 to
128 are a repeat of the information in points 0 — 63.

If you lump some of the energy estimates into bands, the average of these estimates

provides a more statistically meaningful value.
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Measuring Waves: Background (continued)

SBE
[CT S
Further Limitations on the Maximum
Frequency of Spectral Analysis

» Recall our discussion of the attenuation
the surface pressure signal

in noise
* The maximum freq

The maximum frequency that we can resolve with our FFT is more severely limited by

the attenuation of the pressure signal than by the sampling theory.
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Deployment Planning

SBE .
Deployment Planning
* Given
— Water depth

— Height of SBE 26 or 26plus off the bottom
— Number of spectral estimates for each frequency band
— Sample interval
— Number of points per wave burst
* Plan Deployment calculates the wave dispersion
spectral parameters

— Ratio of pressure amplitude measured by the in:
pressure amplitude on the surface

— This is the amount the pressure signal is
wave recorder

— Number of frequency bands that
— Width of each frequency ban
— Frequency span

This is the first step. Plan Deployment tells you the minimum wave period you can detect
given the water depth and the height of the SBE 26 or 26plus off the bottom. If you know
what period of waves you are interested in, you can adjust your instrument placement to
successfully measure these. Conversely, if you have no choice in your instrument
placement, you can tell ahead of time what the minimum period wave is that you

can measure.

After deciding where you are going to deploy your wave gauge, you have to decide what
your sampling protocol is going to be. The sampling protocol determines what the
frequency span of your spectral estimate will be, 0 to f;,.x, as well as the number and
width of the frequency bands. Recall from our previous discussion that the number of
spectral estimates per frequency band determines the statistical quality of the estimate

and the width of the frequency bands.
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Deployment Planning (continued)

SBE
[COUC S

Deployment Planning

=10l
B
EE seasoft for Waves E = 3} !
Rum  Help 10 Help

0%

. ave Sl Dua g
= o Exit
P ry Endurance. . Wawve Samples per Burst 1024
6 Bands Calculated
Shehsiln, Band Witth (Hz} 0,031 e
4, Convert HEX,.. Freauenay Span (H). 0.0215 - 02165
5. Merge Barometric Pressure. .
6. Process Wave Burst Data. .

7. Create Reports...
8. Plot Data...

Pressure Attenuation [p(inst) / p(surf)] VS Wave Period

—

—

Exit

7
z

Pressure Attenuation

on 25 50 75 0D 425 150 175 200 225 280
Wave Period (seconds)

Sea-Bird has special software for use with the SBE 26 and 26plus — Seasoft for Waves.
Plan Deployment and the other software modules we will be talking about are all

part of Seasoft for Waves, which you installed from your CD-ROM on the first day of

the course.
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Deployment Planning (continued)

SBE
Some Sampling Examples

* 10 m water, instrument 1 m off bottom,
4 Hz sampling
» For 256 samples / wave burst
— 2 estimates per band yields 11 b
spanning 0.0234 — 0.3359 Hz

— 4 estimates per band yiel
spanning 0.0391 — 0.2
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Deployment Planning (continued)

3&5 Why Doesn’t the Frequency Range

Go any Higher?

» Examples just presented were for a tide gauge
in 10 meters of water, fixed 9 meters from
the surface

* Recall the dispersion relation
* As frequency goes up, attenuati
* More samples don’t buy

frequency end

* Our low frequenc
number goes

frequency is determined solely by the distance from the sea surface to your instrument

and its height off the bottom.

In summary, more samples equals better resolution and better statistics. Your maximum
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Deployment Planning (continued)

ggé What Are Our Limits on

Frequency?

* Maximum frequency you can measur
is either:

— Half the sampling interval (Ny

or,

— The frequency where t
measured by the i
surface is less
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Deployment Planning (continued)

SBE
A Setup Note

* The processing math generates the wave spec
estimates on data sets that are a power of 2
in length

— Example: 256, 512, 1024 samples

+ If you choose a number of wav
is not a power of 2, the pro
samples of 0 value to

Fast Fourier Transforms are done on data sets that have 2" elements. If you select a wave
burst sample number that is not a power of 2, your data set will be extended to a power
of 2 and padded with zeros. While you may save memory this way, you will lose

resolution and degrade the statistical confidence you can have in your measurement.
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Setting up the SBE 26

SBE
[CCUTT T

Setup of the SBE 26

e Set:
— Time interval for tide mea
— Number of samples in

— Number of tide
wave bursts
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SBE 26 Measurement Sequence

SBE
[CEUST U
SBE 26 Measurement Sequence

Time Action
12:00  send Go Log (GL) command

13:00  begin tide measurement # 1

14:00  begin tide measurement # 2

15:00 begin tide measurement # 3, calculate & store data tide #
16:00  begin tide measurement # 4, calculate & store data ti
17:00  begin tide measurement # 5, calculate & store daf
18:00  begin tide measurement # 6, calculate & stor
19:00 begin tide measurement # 7, calculate &
20:00 begin tide measurement # 8, calcula
21:00 begin tide measurement # 9, calci
begin tide measurement # 10

Here is an example measurement sequence for an SBE 26. Tide measurements are
an hour in length and a wave burst is done every 4 tide measurements. Because of
the frequency counter hardware, a pair of tide measurements is required to

calculate the pressure sensed by the SBE 26. Wave bursts are measured after each

4 stored tide measurements.
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Setting up the SBE 26plus

SBE
Setup of the SBE 26plus

* Tide measurement

N . Tide interval ] Tide interval J Tide interval J Tide interval
— Time interval

of each sample
I in burst)

between tide I:l D # of wave D l:’

measurements (Td | %ple:@u\m | |
. . ide
~ Duration of tide duraton [T I
measurement | | I
Wave sample

* Wave measurement | | duration (fength | |
| |

— Number of samples |
in each wave burst
N Measure waves every N tide
— Duration Of each samples (N=2 as shown)
wave sample
— Number of tide
measurements
between wave
bursts

This is just a schematic to illustrate the setup parameters for the SBE 26plus. The actual
sequencing of the measurements varies, depending on the relationships between the

setup parameters.
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SBE 26plus Measurement Sequence

SB
weeeeeee SBE 26plus Measurement Sequence

* Because the SBE 26plus has so many more

user-selectable parameters than the SBE 2
its measurement sequence is not as
straightforward. The sequence vari
depending on:

— Type of pressure sensor (Qu

— Are you calculating real-ti
How many samples

— Relationship of
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Adding Conductivity

SBE
Including Conductivity

» The SBE 26 and 26plus can measure
conductivity using an SBE 4

* This data is appended to the ti

If integrating a conductivity sensor with the SBE 26 or 26p/us:
e Connect the conductivity sensor to the instrument’s 3-pin bulkhead connector

e Program the instrument to append the conductivity data to the data stream, using
the CY command in the SBE 26 or the CONDUCTIVITY=Y command in the
SBE 26plus.
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Battery and Memory Endurance

B dM End
B pattery and Memory Endurance _1o] x|
File Help
$BE 2Bplus Duantz | SBE 26pkus-Strain | SBE 26 | SBE 53BPR |
 Use Battery and i roesan e e s —
Tide measuremen durafion [seconds] = 1200
Memory Endurance to e G —
. Wave sampies per burst = 4%
Verlfy yOu haVC Wave sample durafion [seconds] = 025 ~

enough power and
memory for sampling T _
Scheme — you really ‘W ave burst duration (seconds) = 1024

“Wave stalisics duration (seconds) = 31

don’t want to do these R

o Nominal lthiur battery endurance [daps) = 2020.9
calculations by hand! A

Waring: deployments longer than 2 years are not recommended with alkaline
batteries.

There are separate calculations for the SBE 26 and 26plus, and as you can see the 26plus
is further broken down, depending on the type of pressure sensor. If you are not sure what
type of pressure sensor is in your 26plus, send the status (DS) command in SeatermW;

the third line of the response shows the pressure sensor type.
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Deployment Summary

SBE
Deployment Summary

» Use Plan Deployment to determine wave burst sample param
» Use Battery and Memory Endurance to verify you have
and memory for sampling scheme

 Install fresh batteries

» Install SBE 4 if conductivity is desired

» Cable to PC serial port

* Run terminal program (SeatermW):
— Set date and time

Set sampling intervals

— Enable conductivity (if aj

Enable real-time data i

Check status
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Recovery Summary

SBE
Recovery Summary

« Pull instrument out of the water and rinse it
» Cable to PC serial port

* Run terminal program (SeatermW):

— Quit logging (QL command for 2
for 26plus)

— Verify setup (DS comm:
— Upload data

Convert data (Co
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Removing Barometric Pressure from Tide Data

SBE
[COUC S
Accounting for Barometric Pressure

» The SBE 26 and 26pl/us measure absolute

» Absolute pressure is the sum of the pr
from the water above the instrum
barometric pressure

* Seasoft for Waves providi
(Merge Barometric P,
barometric press
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Troubleshooting an SBE 26

SBE
SBE 26 Troubleshooting

« Ifit is logging a wave burst, the
will not respond to your termi

* If you wake the SBE 26
collecting a tide me
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Troubleshooting an SBE 26plus

SBE
SBE 26plus Troubleshooting

+ If the SBE 26plus is logging a wave burs
not respond to your terminal progra
+ Ifthe SBE 26plus with strain g
sensor is logging a tide mea
respond to your termina

+ If you interrupt the

collecting a wa
will affect
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2 Module 14: Wave and Tide Data Processing

Overview

[COUC S

Wave and Tide Data Processing

* Separate tide and wave data
* Remove barometric pressure fr
* Process wave data

» Summarize wave dat:

Plot wave and ti

We are going to discuss how to process wave and tide data in our final module. We will

work through each of the processing steps with explanations and examples.

By the end of this module you should be able to:
e Process your wave and tide data

e C(ritically examine your data
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Separating into Wave Data and Tide Data: Convert Hex

sBE
Processing Recorded Data

» Data is uploaded from the SBE 26 or 26plus to
your PC as a .hex file

+ Data is split with the Convert Hex module in
Seasoft for Waves into a .tid file that contains
tide measurements and a .wb file that contains
wave measurements

Inpui il [EAData\WavelndT ideT ckyo hes " Brawse
Ouiput tide fl: [CADlakWavahndT idehT okyo id

Output wave fle: [EADataWavehndT AT okyo.wb Coefficients

Stan Year. [1335 (Start Year not used for SBE 26plus or SBE 53 BPR)

Data that comes from the SBE 26 or 26plus has wave burst data embedded in the tide
data. The first step is to split this data (./ex) into 2 files (.tid and .wb).

For the SBE 26, you need to enter temperature calibration coefficients, (optional)
conductivity calibration coefficients, and pressure slope and offset (to make small
corrections for pressure sensor drift between calibrations). For the SBE 26plus, only enter
the pressure slope and offset; the other calibration coefficients were programmed into the

instrument.

You might notice that the dialog box mentions the SBE 53 BPR (Bottom Pressure
Recorder). The SBE 53 measures full ocean depth water level with extremely high
resolution, accuracy, and stability. It has some similarities to the SBE 26plus, but does

not measure waves.
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Separating into Wave Data and Tide Data:
tid File Format

SBE
Tide Data Format ( .tid )

e 7 11/13/9210:27:16 14.8125 22.102 3.55682 2

— Sample number, date and time, pressure, temp:
conductivity, salinity

The data format is:

e First column - tide measurement number

e Second and third columns - date and time of the beginning of the tide measurement
e Fourth column - measured pressure in psia

e Fifth column - measured water temperature in °C

e Sixth column - measured conductivity in S/m

e Seventh column - calculated salinity in PSU

Note that if conductivity logging is not enabled (conductivity = NO in the status display),

the sixth and seventh columns of the above table will not be included in the .zid file.
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Separating into Wave Data and Tide Data:

.wb File Format

SBE
[COUCS

* 0 39714178 1.00 32
20.948967
21.204989
21.030145
21.139034
21.176656
21.102853
21.046280
21.344801

burst

Wave Data Format ( .wb )

20.986165
21.157996
21.133848
21.006829
21.267824
21.075775
21.145214
21.344801

+ * flags start of wave burst, burst
measurement (seconds since J
seconds since Jan 1, 2000 ft
integration period, and

21.101858  21.188864
21.094862 21.030808
21.241456  21.250286
20.983782  21.064104
21.261526  21.1685

21.035574
21.204416
21.250858

For the SBE 26plus, the * line is preceded by a line identifying the data as coming from the

26plus, so the software knows that the time is referenced to 2000 instead of 1989.
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Activity

[COUC S

Activity

* Run Seasoft for Waves and select
Convert HEX... to split the SBE 26 .hex
found in C:\Data\Module14\Tokyo.
.tid and .wb files

— Tokyo.tid contains the tide d

— Tokyo.wb contains the

Click Start -> Programs -> Sea-Bird ->SeasoftWaves
Click Run -> Convert HEX
Click Browse to select c:\data\module14\tokyo.hex.

Click Coefficients to enter these temperature sensor calibration coefficients:

A0 =9.99463500 E-04

A1 =2.43988930 E-04

A3 =1.37995400 E-07
(Note: This example file is from the SBE 26. For the SBE 26plus, temperature and
conductivity coefficients entered in Convert Hex are ignored. T and C coefficients are
programmed into the 26plus at Sea-Bird; they can be viewed and modified in SeatermW
with user-input commands.)

Enter a Start Year of 1995.

Click Convert File.
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Processing Wave Measurements:
Process Wave Burst Data

SBE
[CEUST S
Processing Wave Measurements

JT=TE

Proganseu
[CxbaswarehraTeeProcosiareZE poa

Minimum e atenuaton (defoult = 0.0025)

ctone!
[Torove =] Lseleat. Miimam peiod (seconds] 0 usein autospectum defaul = )

18]

E

1T T

Oulput drectory
5 Haring vindo cufof (defauk = 0.1)

g‘

Start Process =

Next we are going to process wave bursts. We want to know the wave heights, as well as
the frequencies of the waves. Recall from our discussion of linear theory that we assume
the observed waves are a combination of several different individual waves. We seek to
determine the frequency or period of each of these waves, as well as the amount of

energy they have.

The processing application uses the height of the SBE 26 or 26p/us above the bottom,
water temperature, and salinity to determine the density of the water above the

instrument.

Output data provides:
e Auto-spectrum data
Shows what frequency waves were present by calculating the power or energy
present in each of the frequency bands
e Time series data

Shows what the wave heights were and what the actual signal looked like
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Processing Wave Measurements:
Process Wave Burst Data (continued)

SBE
ICCCCE)
Definition of Terms
* Variance

— Think of variance in terms of the
a flat calm sea has zero vari
many different waves has

* Auto-Spectrum
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Processing Wave Measurements: .was File Format

SBE .
was File Format

*0 39714178 1.001024 10 5.666 4.466 1024211 90 0.637 1.843

51 5.371094e-003 9.765625e-003 5.9946e-003 6.0210e+001 1.0732¢+001 3.0970e-001
3.091334e-003 3.298001e-003 2.160857e-003 7.776975e-004
5.304750e-003 3.731420e-003 1.790720e-002 2.439886e-002
8.326155e-002 1.082657e-001 5.056803e-002 5.299359¢-002
2.502890e-002 2.332787e-002 2.122386¢-002 1.846813e-002
3.559706e-002 3.633030e-002 2.943071e-002 8.796323

 Data format is described in your

Lines beginning with * flag the beginning of the data for a wave burst.

Line 1 contains (in the following order):
burst number
start of wave burst (seconds since Jan 1, 1989 for SBE 26; seconds since January 1 2000 for 26plus)
wave integration time (seconds)
number of points in the wave burst
number of spectral estimates for each frequency band
water depth (meters)
pressure sensor depth (meters)
density (kg/m’)
Chi-squared confidence interval (percent)
multiplier for Chi-squared lower bound
multiplier for Chi-squared upper bound

Line 2 contains (in the following order):
number of frequency bands calculated
frequency of the first frequency band (Hz)
interval between frequency bands (delta f) (Hz)
total variance (meters squared)
total energy (Joules / meters?)
significant period (seconds) = frequency band with the greatest variance
significant wave height (meters) = 4 x sqrt(total variance)

The remaining lines contain the values (beginning with the first frequency) for the Auto-
Spectral density function <Gaa>. The units are meters> / Hz. To obtain the variance (m?) in
a frequency interval delta f (Hz), multiply the value of <Gaa> by delta f.

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.



10 Module 14: Wave and Tide Data Processing

Processing Wave Measurements: .rpt File Format

SBE .
.rpt File Format

surface wave processing summary:
file = apr12sp.wb
temperature = 15.000
salinity = 33.000
density = 1024.431
number of points per wave burst = 1028
sample period = 1.00 sec
burst # 1:
mean pressure = 21.207 psia
instrument depth = 4.466 meters
total water depth = 5.666 meters
auto-spectrum:
10 spectral estimates per band
51 bands calculated
each band is 0.010 Hz wide
frequency span = 0.005 to 0.492 Hz
MM/DD HH:MM SIG.HT SIG.PER
(CM) (SEC) 22+ 20 1
04/0515:42 31 11 1
04/0518:42 32 11
04/0521:42 46

The energy (cm?) is the sum of the variance over the indicated frequency band:
The 9 second wave period column is the sum of the variances where the frequency is
between 1/10 Hz and 1/8 Hz.
The 20 second wave period column is the sum of the variances where the frequency is
between 1/22 Hz and 1/18 Hz.
The 22+ second wave period column is the sum of the variances of all the frequencies

less than 1/22 Hz.

Significant period is:

1 / (band averaged frequency with the greatest variance)
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Processing Wave Measurements: .wt File Format

SBE
[COUC S

wt File Format

*0 39714178 1.00 32
-0.1783 02180 -0.1793 -0.0721
0.0615  0.1677 02036 0.1582
0.0521  -0.0754 -0.1829 -0.2384

+ * flags start of wave burst, burst n
tide measurement (seconds sin:

SBE 26; seconds since Jan

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.
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Processing Wave Measurements: .wts File Format

SBE g
SeEESeE wis File Format

* Wave time series statistics

* 0 39714178 1.001024 109 5.666 4.466 1024.431
6.860774e-003  6.892497e¢+001 1.972292¢-001 7.431193
6.293907¢-001  3.115848e-001 9.138889¢+000 4.114

* 1 39724978 1.001024 112 6377 5.177 1024.431
6.632170e-003  6.662836e+001 1.914052¢-001
4.505061e-001  3.078597e-001  9.000000e+

Lines beginning with * flag the beginning of the data for a wave burst.

Line 1 contains (in the following order):
burst number
start of wave burst (seconds since January 1, 1989 for SBE 26; seconds since January 1, 2000 for SBE 26plus)
wave integration time in seconds
number of points in the wave burst
number of individual waves found
water depth (meters)
pressure sensor depth (meters)
density (kg/m®)

Line 2 contains (in the following order):
total variance of the time series (meters”)
total energy of the time series (Joules/meters?)
average wave height (meters)
average wave period (seconds)

Line 3 contains (in the following order):
maximum wave height (meters)
significant wave height (meters) = average height of the largest 1/3 waves
significant period (seconds) = average period of the largest 1/3 waves
Hj/10 (meters) = average height of the largest 1/10 waves
Hj/100 (meters) = average height of the largest 1/100 waves

If there are less than 10 waves, Hy,o 1s set to 0.
If there are less than 100 waves, Hy/190 18 set to O.

Once again, for the SBE 26plus, the * line is preceded by a line identifying the data as
coming from the 26plus, so the software knows that the time is referenced to 2000 instead
of 1989.
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Activity

ot L
Activity

* Run Process Wave Burst Data on t
from the last activity:

C:\Data\Module14\Tokyo.

— Tide gauge is 1 meter o

— Temperature is 25

— Salinity is 35
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Tabulating Wave Data: Create Reports

SBE
[COUTe T

Tabulating Wave Data

» Use Create Reports... to combine .was and
.wis files into a data table (output file .26
extension)

¢ Includes:

— Date and time
— Water depth

— Wave heights
— Wave periods

Below is the file format for an .»26 file. This file is the combination of .was and .wts files.

e From Surface Wave Time Series Statistics:

variable

time

burst number

pressure sensor depth
number of waves
variance

energy

average wave height
average wave period
maximum wave height
significant wave height
significant wave period
H

H

1/10

1/100

variable

variance

energy

significant wave height
significant wave period

column label
time

burst

depth
nwaves
var-wts
energy-wts
avgheight
avgper
maxheight
swh-wts
SWp-wts
H1/10
H1/100

From Wave Burst Auto-Spectrum Statistics:

column label
var-was
energy-was
swh-was
SWp-was
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Tabulating Wave Data: Create Reports (continued)

SBE
[COUTe T

Create Reports File and Data Dialog
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Tabulating Wave Data: Create Reports (continued)

SBE
[COUTe T

Create Reports Variable Menu

* Enter the
variables in
the order
that is
useful to
you

Select Yariables

Col # Ve Name unf]
1| DateTine
2| Energy Jim"2). time seris staisics
3 | H1/10 metrs time seies salistics
H1/100 et time seies salistics

Likle
et |

Delte Al

<

Date/Tine 2| g
Eney 12

Wave bustao spectun Expend 3l
Wave i seies

10 meers) time seriss staisics Stk

H1/100 [ntes]. e s talisics
o e tine sefes el | E00

B
5 | Heigh [neters,
§ | Signfar i seconds], ko st

7| PessueSensor Deptfneers]

Variance, auto spectum 2]

Nurber of waves, e sis ttic:
- Fressue Serco Degth et
Signcant pid seconds]

Wave buist auto spectium

Ware ine seies
Sigicar wave heigh s
Vaiance

Wave buist auto spectium

Ware ine seies

e 5[
oK Cancel
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Activity

Activity

* Run Create Reports on the da
last activity

— Input data files are To

— Select all the ou
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Removing Barometric Pressure from Tide Data:
Merge Barometric Pressure

SBE
[COUCS

What About Barometric Pressure?

* SBE 26 and 26plus measure absolute
pressure, the sum of the pressure from t
water above and the barometric pres

— Barometric pressure is, on averag
— 14.7 psi = 10.12 decibars

» Use Merge Barometric
barometric pressur

In some places, particularly micro tidal places, barometric pressure can be a significant
part of the tidal signal. The Merge Barometric Pressure module allows you to input a
time-stamped barometric data set and remove the barometric pressure from your tide
measurement. The input data for Merge Barometric Pressure is date, time, and pressure

in millibars or psia.
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Removing Barometric Pressure from Tide Data:
Merge Barometric Pressure (continued)

SBE :
scssecc  Merge Barometric Pressure

Data Setup Dialog

» Barometric pressure file = '
has to have .hp extension

 File format is Date Time

Pressure (psia or millibars):
— MM/DD/YY HH:MM:SS P

» Times in .bp and .tid files
do not need to be aligned

— Software uses linear
interpolation to align data in
.bp file in time to .tid data

before subtracting
barometric pressure
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Graphing Wave and Tide Data: Plot Data

SBE
[COUTe T

Visualizing Wave and Tide Data

=

1ol x|
e Plot Data. ..

— Tide records

— Temperature records

— Wave time series

— Spectrums

555555

— Statistics
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Graphing Wave and Tide Data (continued)

SBE
Plot Data, Plot Setup

=

=l [faBbCcDdEeFf-012345]

Gidines [wore ]
Gridstle [ThnSaidlne =] I Gridinfion:
Inside Background C
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Graphing Wave and Tide Data (continued)

SBE
[COUC S

Plot Data... Axis Options

-0l x| 5 plot Data =]
Eie Options Help File Options Help

Fie Setup | PitSetup. XA | v 1] FileSetup | Plot Setup | X s Y Avis 1 |
Vaisble [Frequency (Hz]
Variable range is from 0.0020 to 0.2343

Vaiiable

Eneray Densy [mm-sec]
Vaiiable tange i rom 0.0000 0 0.2363

FlotSyle: @ Ovelap2D  Overlay 3D

Lol il vaiabl narel

I e e |

Unetpe  [Thnsad ]

Urewpe  [Thnsas 3]
[P T Grre— | Er] Tl ere— |
N T I Avormge  Miimm [
Mas | — [ e —
i

W fuodyisons Maiw [

Minor
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A Wave and Tide Example

SBE  Tide Signal as Pressure
Above SBE 26 Including Typhoon
Landfall

Tide Time Series , Tokyo.tid

Tide Integration Period 1800 seconds

IS
W

35.0

~
N
|

P 325

41

E =
= @
S 2
= 300 8
_ 40 £
Eggé -275a
e E E §
ﬁgg{ —25.09
o E T E
&a7E 3225
36 +-200
as AL T
22 Tue 1 Fri & Fri 15 Fri 22 Fri
Aug 1995 DatesTime

Our example data comes from Tokyo harbor. During this deployment a typhoon made
landfall. In this deployment the SBE 26 was fixed in 18 meters of water and was 1 meter
off the bottom. Wave bursts were 600 samples long (Why would this be a silly thing

to do?).

The green line is the pressure (tide) signal. Note that when the Typhoon comes ashore
there is a disruption in the normal tidal cycle, and the pressure above the 26 drops. What
could cause the mean water height to suddenly become lower after the typhoon?

The blue line is the temperature recorded by the SBE 26 before and after the typhoon
comes in. Note that in this plot the tidally influenced temperature signal all but disappears
after the storm.

The answer to what is going on is that the platform to which the SBE 26 was attached
was moved into shallower water by the typhoon. Will this movement influence the wave

spectrum estimates?
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A Wave and Tide Example (continued)

SBE
[CEUTT TS p
Auto-Spectrum Before and During
Typhoon Landfall in Tokyo

Note difference in scale!

Auto Spectrum Plot, yo.was
Burst 10 of 506 Start 22 Al 12:07:45 1024 point T=1024 sec

Period (seconds)
000 10000 6.667 5000 4.000  3.333
| | | | N |

Auto Spectrum Plot, Tokyo.was
Burst 320 of 506 Starl 17 Sep 1995 08:07:45 1024 point T=1024 sec
Period (seconds)
20000 10000 6.667 5000 4000 3.333
|

I | I I I
7>vv\|\\Hvuvvuvuvuuvuvur

Energy Density [T m-sec]

o o o
O

L

| T

- T T T

0.00 0.05 0.10 0.15 0.20 0.25 0.30 K . A 0.15 0.20
Frequency [Hz] Frequency [Hz]

Before Typhoon

The auto-spectrum plots clearly show the arrival of longer period waves of considerably

higher energy.
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A Wave and Tide Example (continued)

SBE
JCTCTECC S
Wave Burst Time Series

Wave Time Series Plot, Tokyo.wb
4Eur§1 3 of 506, Start 21 Aug 1995 22:07:45, 600 point, T=600 sec

¢ Thisis the actual | F
pressure data vk
collected during :
a wave burst
before the

typhoon

Subsurface Pressure [psi]
N
2 2 2 8 2
T N T -

=
=

fﬂllimH\H\\HH\HHIIIHHHHHHHHHHIHHH}HH\H
0 50 100 150 200 250 300 350 400 450 500 S50 60O

Time [seconds]
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A Wave and Tide Example (continued)

@sstssE Average Wave Height Showing

Typhoon Landfall

Average VWave Height, Tokyo.wts

L } L
B Fri
Aug 1995 Date/Time

\|}|\|\\|}|\|
15 Fri 22 Fn
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A Wave and Tide Example (continued)

SBE
Maximum Wave Height

Maximum VWave Height, Tokyo.wts

.
T T ITTTT T TTITITTI TITTTTTITTITTITTTT

||I|\|
22 Fri

Pt B s il MR
22 Ti i 19 Fri
Aug 1995 Date/Time

Here are the maximum wave heights. See anything funny going on here?
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A Wave and Tide Example, Processing Errors

SBE
[COUC S

* This plot from before
the typhoon shows

Data Processing Errors

Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec

Auto Spectrum Plot, Tokyo.was

Period (seconds)
20.000 10.000 6.667 5.000 4.000 3.333

high energy at
unrealistic high
frequencies

* Need to make a
judgment in data
processing to pick a -
reasonable maximum ”¢

045-£

040
_ 035
o E
B 030£
£ 025
Z0.20¢
o E
B 045
50.10-£

0.50:\H\}\IH}HH}HH}HH}HH}

frequency

0.00

015 0.20
Frequency [Hz]

0.25 0.30

If you look at the entire auto-spectrum, you will often find a large signal at the end of the

plot. This is usually an artifact in the data that is caused by the dispersion relation. The

calculated attenuation coefficient is erroneously applied to noise, causing the appearance

of high energy at high frequencies.

The artifact can be removed by setting the Minimum period to use in autospectrum to a

reasonable value. You can test this by processing your data with and without the

Minimum period and comparing autospectrum and the surface wave time series.
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A Wave and Tide Example, Sampling Setup Errors

SBE
CERTTTT
Sampling Setup Error
. Th Surface Wave Time Series, Tokyo.wt
Thls pIOt from before Burgsl ongﬂﬁa,%lean Z?Xi} 1&;3’)’??6:078::;,815024 ;S)in{c;=1024 56C
the typhoon shows the F
estimated surface 1

o
T

wave time series

n
T

=)
T

» The noise at
600 seconds is caused
by a wave burst
sample number that is

o
T I
ERRRRERER

Wave amplitude [meters]
soL L S o o
= B B 3 ¢

> o
T

nOt apower 0f2 lD 100 200 300 400 500 GO0 YO0 8O0 GO0 1000

Time [seconds]

This is an interesting plot. Recall that when we were looking at the plots earlier, the wave
burst sample size of 600 points was mentioned. Also recall that wave burst data must
have a number of samples that is a power of 2. If the number of samples is not a power
of 2, it is padded with the mean water level out to a power of 2. You can see that there is
a disturbance in the plot around the 600-second mark and diminished magnitude after it.
This is a processing artifact due to the mismatched burst size and high frequency noise

being interpreted as wave signal.
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A Wave and Tide Example, Correcting Processing Errors

SBE Removing Unrealistic High

Frequencies

Auto Spectrum Plot, Tokyo.was Auto Spectrum Plot, Tokyo.was
Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec Burst 5 of 506 Start 22 Aug 1995 02:07:45 1024 point T=1024 sec
Period (seconds) Period (seconds)
20000 10000 €667 E000 4000 3333 20000 10.000 6667 5000 4000 3333
I ! ! L
ETT T T T T T [T TTTTT 177

08T 0.0
045+

040§

Erieigy Dersity [t

ER I

Um;uu‘ | \{\H { 11 HH{ L1l
000 005 010 05 020 025

Frequency [Hz]

018 020 5 030

030
Frequency [Hz]

In the plot on the right we have removed all data with period shorter than 5 seconds

(corresponding to a frequency of 0.2 Hz). Note that the auto-spectrum shows energy in

mainly one frequency band and seems much more believable.
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A Wave and Tide Example, Correcting Processing Errors

sweesece  Surface Wave Time Series With
and Without High Frequencies
Surface Wave Time Series, Tokyo.wt Surface Wave Time Series, Tokyo.wt

Bzurgs\ 0 of 506, Starl 21 Aug 1995 16:07:45, 1024 point, T=1024 sec %u,gsl 0 of 506, Start 21 Aug 1995 16:07:45, 1024 point, T=1024 sec
15§ 15§
10 10£

g 05+ g 0s5f

2 o g—

o f s F f WJW 'k

o5t 205t

i E I

£ of g—w—z

S5k fasf

g E H C
220 HH{H\{H\{H\{HH{HH{\H{HH{\H{HH{\H ,2_!\1\\\{\\\\{\H{HH{HH{ H{HH{H\ HH{HH{H

0 100 200 300 40 S50 B) 0] €D oCC 1300 0 10 20 300 400 500 300 700 6OC 900 1000
Time [seconds] Time [seconds]

Removing the high frequency (noise) component of the signal also cleans up the surface
wave time series. In the plot on the right, the data artifact beginning at the point where

the data is padded to make a power of 2 number of samples is suppressed.
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Processing Wave Data: Reality Check

SBE  Data Processed Excluding Waves
of Less Than 5-Second Period

Average Wave Height, Tokyo.wts Maximum Wave Height, Tokyo.wts

We’ve recalculated average wave height and maximum wave height, after removing
wave periods less than 5 seconds (frequencies greater than 0.2 Hz). These are much more

believable than the previous plots.
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Activity

Activity

* Check out your auto-spec
series data with Plot Da
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