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A. OVERVIEW
Purpose

The MBARI In Situ Ultraviolet Spectrophotometer MBARI-ISUS, commonly
referred to as ISUS) uses ultraviolet absorption spectroscopy to measure in situ
dissolved chemical species. This sensor is a chemical-free, solid-state instrument
that offers easy, accurate, real-time, and continuous nitrate concentration
measurements. The ISUS provides researchers with data essential to the study
of physical, chemical, and biological processes in the ocean.

This manual describes the third-generation hardware of the MBARI-ISUS
instrument, also referred to as MBARI-ISUS V3. The upgrade to version 3
consisted of the capability to fully utilize the USB port of the MBARI-ISUS in
conjunction with the ISUSCom application to facilitate configuration and data
transfer.

The previous upgrade to version 2 consisted of using an enhanced processor,
introducing a new user interface and allowing for more flexible scheduling. The
power consumption of the instrument has been significantly reduced. The data
rate of the instrument has been increased. The bulkhead connectors have been
changed as well.

HYDROGEN

Figure A-1: The MBARI-ISUS with Rechargeable Battery Pack
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Background

Features

The MBARI-ISUS was developed by Dr. Kenneth Johnson and Luke Coletti, of
the Monterey Bay Aquarium Research Institute (MBARI). For a detailed
description of the MBARI prototype system see their paper (Johnson, K., L.
Coletti 2002), In situ ultraviolet spectrometry for high resolution and long-term
monitoring of nitrate, bromide and bisulfide in the ocean, Deep-Sea Research I,
49, 1291-1305). Satlantic and MBARI collaborated to make the instrument
commercially available to researchers. Satlantic has made significant advances
in both system hardware and computational software to provide customers with
the state-of-the-art in situ spectroscopic analysis.

Using advanced UV absorption techniques, the ISUS calculates NOj3
concentration from the seawater absorption spectrum, without the need for
chemical manipulation.

The ISUS has the stability, sensitivity, and endurance to operate for extended
periods of time with low maintenance. It has been successfully deployed in a
variety of marine environments and operational modes, including:

@ Profiling systems — high-resolution nitrate profiles allow insight into
nutrient structures.

@ Fixed platform/moorings — the flexible sampling schedule and internal
data storage capacity allow easy integration into a monitoring program.

@ Towed vehicles — the data is collected by the vehicle’s data acquisition
system or logged internally

The features of the ISUS include:

Real-time Nitrate measurements

Analog output port for easy integration with CTD (conductivity,
temperature, depth) and other sensors

Low power, compact size

Fast sample frequency

High data precision and accuracy

Deep operation

Spectral analysis software

[SEOROEOROEERSRN]
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Specifications®

Performance

Precision:
Accuracy:
Range:

Optics
Path length:
Wavelength range:
Lamp type:
Lamp lifetime:

Electrical Characteristics
Input Voltage:

Current requirement:
Power consumption:

Data storage:
Sample rate:
Telemetry options:

Physical Characteristics
Anodized Aluminum pressure case
Depth rating:
Length:

Diameter:
Weight:

Operating temperature range:

! Specifications may change without notice.

+0.5uM
+ 2 UM or 2%, whichever is larger
up to 2000 uM

lcm

200-400 nm

Deuterium

1000 hours to 50% intensity at 240 nm

6—18 VDC (Non-isolated power input port)
19-75 VDC (Isolated power input port)

6—18 VDC (Auxiliary non-isolated power input port)
0.55 Amp @ 12 VDC (nominal)

6.5 Watts (nominal)

0.1 mA (sleep current)

256 MB (can be customized)

1 Hz (typical)

Analog output 0—4.096 VDC

RS-232/RS-422 serial output

User selectable baud rates (default 38400 bps)
USB interface

1000 meters
19.10 inches (485.1 mm) — housing only
22.85 inches (580.4 mm) —including anode and
standard probe guard
23.95 inches (608.3 mm) —including anode and
biofouling guard
4.5 inches (114.3 mm)
With standard probe guard:

11.3 Ibs in air (5.15 kg), 0.1 Ibs in water (0.05 kg)
With biofouling guard

11.6 Ibs in air (5.25 kg), 0.2 Ibs in water (0.1 Kg)

0°to 35°C
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Principle of Operation

The MBARI-ISUS uses the UV (200-400nm) absorption characteristics of various
chemical species to provide in situ measurements of their concentrations in
solution. The system consists of four key components: a stable UV light source, a
UV spectrometer, a fiber optic sampling probe and a processing computer. All
components are housed within a single pressure case. A plastic guard covers
and protects the sampling probe in profiling applications. An optional antifouling
probe guard covers the sampling probe and provides interference from fouling
organisms in moored applications. The precision calibration of the ISUS uses
standard sample solutions over a range of salinity conditions. The system is solid
state and requires no user adjustments or chemicals to operate. Once powered
up, the system begins to compute nitrate concentrations of solutions in the
sample probe automatically.

Many dissolved inorganic compounds, including nitrate, nitrite, bisulfide, and
bromide, absorb light at UV wavelengths.

1
840 UM Br ]
- ]
" 4 20
&5 Tk ]
et ' 'II : IL
% | ad = S0uMT J15 9
g ‘ I. 2 | E
. " [ 50 uM HS £
5 ¥ 30 e 410 B
5 L. ] =
) _— a o
2 U L]

Wavelenath {nm)

Figure A-2: Primary UV Absorbing Species in Seawater

Nitrate is one of the main nutrients required for growth of phytoplankton.
Understanding the distribution of nitrate in the oceans is essential to
understanding biological processes.

The ISUS is designed to be a self-contained nitrate monitoring system that does
not require ‘wet chemistry’ (i.e. reagents) to determine nitrate concentration.
Eliminating wet chemistry results in a less complex, more reliable, and easier to
use system.

The standard method for measuring nitrate in the past was to collect samples at
sea, freeze them and bring them back to a lab, using a system called an
autoanalyser. The autoanalyser mixes chemicals with the sample to generate a
coloured solution that can be quantitatively measured. Systems that use this
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technique in situ are complex because they require mixing limited shelf life
reagents and loading these into the instruments.

The ISUS bases its results on absorption characteristics of inorganic compounds
in the 200-400nm range of the UV-spectrum. By illuminating a sample of
seawater with UV light onto an UV spectrometer, the absorption spectra can be
measured. The calibration process of the system creates a library of absorption
spectra for the main absorbing species in this region of the spectrum. An
optimization process adjusts the concentrations of the calibrated species spectra
until the computed spectrum matches the measured one.

Titanium s |
Retroreflection Valmp e
Probe olume

Light from UV

Source *

Light to UV

Spectrograph / /

Quartz .
Fiber optics Window Mirror

Figure A-3: Seawater Sample Illlumination

Calibration

Calibration parameters for the nitrate calculations are loaded onto the instrument.
The parameters are obtained at Satlantic by measuring absorption spectra of
samples in the range of 0-40 uMol nitrate, 0-35 psu (practical salinity units) and
0-20 C temperature. These measurements fully characterize the instrument for
the range of field applications. Contact Satlantic for calibrations outside of this
measurement range.

Operational Summary

The MBARI-ISUS V3 is equipped with multiple interfaces for easy adaptation to
individual applications. It provides user data in the following formats:

analog outputs for easy interfacing to CTD systems (see Appendix:
Interfacing the ISUS to a Seabird CTD Profiler),

digital telemetry (concentration only formats or full spectral output in either
ASCII or BINARY format)

digital output stored on an internal 256 MB flash card.

Details on the data formats can be found in Section D OPERATION. The ISUS
may be powered from a battery pack, high capacity replaceable cells, or from
other external power sources.
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Major Components

The major components of the MBARI-ISUS V3 are the instrument body, the
connector end cap, the probe end cap, and the external power source. A
computer with a free RS-232 serial port (or a free USB port with a USB to RS-
232 converter) is required for configuration and to offload data.

Please note that in this manual, the term RS-232 implies EIA-232.

Instrument Body

The MBARI-ISUS V3 housing is a standard Satlantic pressure case design,
consisting of a corrosion-resistant anodized aluminum tube with two anodized
aluminum end caps (see Figure A-4).
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Figure A-4: The MBARI-ISUS V3 Anodized Aluminum Body
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Connector End Cap

The bottom end cap contains a zinc sacrificial anode and four bulkhead
connectors. The pin-out and function of each connector is described in the
following sections. Normally, all of the connectors are Subconn series. Please
consult Satlantic if you require a custom interface.

USB Telemetry and Power

Isolated Power and
Telemetrv Port

Sacrificial Anode

Non-isolated Input Power

Isolated Analog Output
Figure A-5: Connector End Cap View.

Connectors

Non-isolated Input Power Port

This connector is used to provide power to the instrument, typically from a battery
pack or a bench top power supply for laboratory use.

Figure A-6: MCBH2M Bulkhead, Male Face View

Pin  Name Description
1 VBATT+ Input Power, 6-18 VDC
2 VBATT-/GND | Power common
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Isolated Power and Telemetry Port

This port allows the use of isolated power and telemetry. Isolation eliminates
ground current paths that can interfere with normal instrument operation and
cause corrosion. The higher input voltage is useful when operating the
instrument over long power supply cables.
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Figure A-7: MCBH6M Bulkhead, Male Face View

Pin Name Description

1 VSHORE+ Isolated input power, 19-75 VDC

2 GNDISO Isolated ground

3 TA RS-422 Tx+ (from ISUS)

4 B RS-422 Tx— (from ISUS)

5 TXD_ISO Isolated RS-232 from ISUS to computer
6 RXD 1SO Isolated RS-232 from computer to ISUS

Isolated Analog Output
This port generates analog voltage for the calculated nitrate concentration and
auxiliary values using from precision 16-bit DACs (Digital-To-Analog Converters).
CTDs or other data loggers can record these isolated voltages.

Figure A-8: MCBH4F Bulkhead, Female Face View

Pin Name Description

1 NITRATE+ Analog voltage representing the calculated
nitrate concentration (0-4.096 V)
NITRATE- Analog common

3 AUXILIARY+ [ Analog voltage representing the calculated
auxiliary fitting value (0-4.096 V)

4 AUXILIARY— | Analog common

N
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USB Telemetry and Power

This port provides USB communications with the instrument. For non-standard
use, additional power and non-isolated RS-232 connections are available.
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Figure A-9: MCBH8M Bulkhead, Male Face View

Pin | Name Description

1 VAUX Input Power, 6-18 VDC

2 VAUX-/GND | Power common

3 USB-

4 USB+

5 TXD_ AUX Aux RS-232 from ISUS to computer
6 RXD_AUX Aux RS-232 from computer to ISUS
7 V_USB USB device power supply

8 N/C Not internally connected

Sacrificial Anode

The sacrificial anode (see Figure A-5) is constructed from zinc and is 2" long and
is 1” in diameter. It is mounted to the connector endcap using a 2" long 10-32
316 Stainless Steel screw. Its purpose is to help protect the aluminum housing
from galvanic corrosion.

Galvanic corrosion is a common problem in marine environments. It occurs when
dissimilar metals are brought into electrical contact in the presence of an
electrolyte, such as seawater. One of the metals will become the anode and
corrode faster then it would if the other were not present, depending on the
metals’ location in the galvanic series of metals. As zinc is less noble than
aluminum, it acts as the anode in the galvanic couple formed with the aluminum
and is corroded first (hence the term ‘sacrificial’), helping to protect the aluminum
housing against corrosion.

Satlantic recommends replacing the zinc anode when approximately 40-50% of
the anode has corroded away.

Power Supply

The MBARI-ISUS V3 has a flexible power supply system that allows it to be
powered from a number of sources, depending on the application. Normally, a 12
V battery pack is used.
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Power can be supplied on 3 of the bulkhead connectors. They are connected
internally using diodes, preventing the possibility of shorting supplies. If power is
available on more than one bulkhead, the one with the highest voltage will supply
the ISUS.

The ISUS normally draws 0.55 A at 12 V while operating. Previous versions of
the ISUS required a significant current surge when enabling the UV-lamp.
However, this surge is virtually eliminated in the new design. A minimum supply
of 1 Aat 12 V is adequate to turn on the ISUS.

The instrument will detect a situation of insufficient power, and commence a safe
shutdown procedure. If this procedure is entered during the initial stages of the
operation, the power supply was probably too weak. In this situation, it is
recommended to disconnect the instrument, and restart using a stronger power

supply.

Probe End Cap

The top or probe end cap consists of a retro-reflection probe held in place by the
probe retaining nut. The retaining nut is threaded on the outside, allowing a
protecting probe guard or biofouling guard to be easily installed

Probe Retaining Nut

Retro-reflection Probe

Endcap

Figure A-10: Probe Endcap

Figure A-11: Probe Guards
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Probe

The probe is a custom, high-quality retro-reflection probe design, and is
constructed from titanium and PEEK plastic in order to reduce the possibility of
corrosion. An acetal probe guard is threaded over the probe to protect it from
impact. An optional biofouling guard is also available. You may remove the guard
to clean the probe — refer to the Maintenance section for details. Never remove
the screws holding the probe retaining nut in place! You may damage the
probe and risk flooding the instrument!

Probe Retaining Nut

Reflection Probe

Retaining Screws (x2)

Figure A-12: Reflection Probe

The probe should be carefully cleaned before and after each deployment. Refer
to the Maintenance section for details.

Standard Probe Guard

The standard probe guard is normally used in profiling applications. This guard is
a simple acetal plastic tube with several large holes drilled in it to allow water to
easily pass over the probe, while protecting the probe from impacts. The probe
guard is threaded on one end to allow it to be attached to the probe retaining nut.
The guard is 1.75” (44.5mm) long and 1.75" (44.5 mm) in diameter.

Figure A-13: Standard Probe Guard Attached
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Biofouling Guard

The Biofouling Guard (also referred to as the anti-fouling cap) is a novel
approach to reducing the amount of marine biofouling on the probe optics. This
guard essentially consists of an inner acetal support, Nitex™ filter cloth, a copper
screen, and an end cap to hold the copper screen in place. The theory of
operation behind the biofouling guard will be described below. Notes on
assembling the biofouling guard (when replacing the filter cloth) can be found in
the Assembling the Biofouling Guard section in section F MAINTENANCE.
Basically, the copper prohibits growth on the guard and Nitex™ cloth, while the
Nitex™ cloth filters the water and prevents organisms and sediments smaller
than the cloth hole size (100 um standard) from reaching the probe.

The biofouling guard is normally used in moored applications. It should not be
used in profiling applications, as the biofouling guard may reduce response
times.

Figure A-14: Biofouling Guard Attached

How the Biofouling Guard Works

Marine biofouling — the growth of marine organisms on submerged surfaces — is
a common occurrence. It is found on marine structures such as wharves, boat
hulls, and moorings. Unfortunately, ocean sensor optical detectors (such as the
MBARI-ISUS V3 probe) are also prone to biofouling, and various methods,
particularly toxic coatings, have been used in an attempt to prevent it. However,
less environmentally dangerous methods are preferred.

Copper (and copper-based alloys, such as copper-nickel) has long been known
to provide good resistance against biofouling. This characteristic has been used
to advantage in a number of commercial products, and it has even been used as
a cladding on ship hulls. The MBARI-ISUS V3 takes advantage of this
characteristic by mounting a copper screen around the probe. The copper
prevents marine growth from occurring on the guard and the filter cloth beneath
it, while also filtering out particulate matter. Immediately beneath the copper is a
layer of Nitex™ filter cloth with 100 um hole size®, which blocks particles and

2 Other sizes are available from 5 ym up to 1000 ym and can easily be changed by the user
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marine organisms. The filter is passive, with sample water naturally flushing
through the cloth.
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B. SAFETY & HAZARDS

Personal Safety

WARNING!

If you suspect that the ISUS has flooded, use EXTREME CAUTION around
the instrument. The ISUS can operate at depths of up to 1000 meters. If the
instrument leaked at depth it might remain highly pressurized when
recovered and cause the end cap to be launched from the pressure case
with extreme force if the plastic restraining screw and locking cord are
removed.

An indication for flooding is that the instrument stops operating or that
there is a short-circuit condition in the instrument. The humidity readings
increase when water enters the instrument. If you suspect a flood, check
the instrument for signs of pressurization. In a pressurized instrument the
gap between the end caps and pressure case may be extended. Also an
instrument flooded with salt water will short all of the connector pins
together. An electric continuity test between random pins on any of the
bulkheads may confirm this suspicion. Place the instrument in a safe
location and contact Satlantic for further instructions.

If the instrument cannot be safely stored away, the following steps can be
taken:

CONTINUE AT YOUR ON RISK!

The safest method to depressurize the ISUS sensor is to slowly back off
one of the bulkhead connectors. The connector only has to be loosened so
that the face seal oring is no longer sealed against the endcap. Pressurized
water can then escape along the threaded portion of the bulkhead. When all
of the pressure has been released the instrument can be stored and safely
shipped to Satlantic for repairs.

@ The operators should always remain aware of the cable. Any cable or
line released from a ship can be dangerous. Keep a safe distance from
the cable coil on deck when the instruments are being used.

Instruments

@ Do not leave instruments in direct sunlight. Direct sunlight can easily
increase the internal temperature of the instrument beyond its maximum
rating.

@ Do not leave an in-water instrument unattended. Boat drift can entangle
the cable and cause damage or instrument loss.
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Cable

Connections

%]

Troubleshooting

Recovery

%)

To prevent damage to the conductors within the Kevlar™ strength
member (if present), ensure that the cables are not pinched or bent to a
radius of less than 18 cm.

Handle electrical terminations carefully, as they are not designed to
withstand strain. Disconnect the cables from the components by pulling
on the connector heads and not the cables. Do not twist the connector
while pulling, as this will damage the connector pins.

Do not use petroleum-based lubricants on Subconn® connectors.
Connectors should be free of dirt and lightly lubricated before mating.
Satlantic recommends using DC-111 silicone grease (made by Dow-
Corning®) on the male pins prior to connection.

While checking voltages with a multimeter, use extreme care to avoid
shorting the probe leads. A shorted power supply or battery can output
many amperes of current, potentially harming the user, starting fires, or
damaging equipment.

Remember never to grab the electrical portion of the instrument cable
during recovery. This can cause damage to the bulkhead connector and
the underwater splice.

Be sure to rinse seawater from the instrument with fresh water prior to
storage. Corrosion resulting from failure to do so is not covered under
warranty.
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C. START UP

Configuration and Testing

The following items are required to configure the MBARI-ISUS V3 instrument:

8 Computer3 with a free USB port for communication and data download.
§ ISUSCom application for interfacing to the ISUS (provided on ISUS CD)
§8 Instrument package file in XML format (provided on ISUS CD)
§

DC power source: Either 6-18 VDC (12-15V preferred) or 19-75 VDC
with a minimum 1 A current.

To get started, connect the instrument to the computer’'s USB port via the 8-pin
connector. The power supplied by the USB port is sufficient to operate the ISUS’
on-board computer. As a result, no auxiliary power is required to communicate
with the instrument through the ISUSCom application. However, for testing the
ISUS operation and acquiring data, DC power must be supplied either via the 2-
pin (12 VDC nominal) or the 6-pin (75 VDC nominal) connector.

Once the ISUS is connected to the computer via the USB port, start the
ISUSCom application. When the Connection Mode indicator reads “Setup” with a
green background, the instrument is ready for communication. For a full
description of the various ISUSCom functions, please refer to the ISUSCom User
Manual or view the online help menus.

Every ISUS instrument is shipped from Satlantic in the “Continuous” operational
mode with the full internal logging option turned on. Prior to deployment or
testing, the ISUS operational mode (CONTINUOUS, FIXEDTIME, TRIGGERED,
SCHEDULED, and BENCHTOP) may be reconfigured , and data logging options
may be adjusted according to the deployment setup. Three data collection
modes can be used independently: internal digital logging, real time digital
transmission, and real-time analog transmission. Full internal logging provides
data backup, and is also useful for future re-processing of data.

It is recommended to test a new instrument configuration before deployment. To
acquire data with the instrument, a suitable power source is required. During
testing, ISUSCom will graphically display the acquired data, and also print
messages generated by the ISUS.

For computers without USB ports, the serial port on the 6-pin connector provides
an interface to a menu system (see Appendix K). All of ISUSCom'’s essential
functions are accessible through the menu system. On the computer side, any
terminal emulator (see Appendix L for an example) can provide a user interface.

Connecting the Cables

In preparation for assembly, the ISUS components should be checked against
the packing list to ensure that all required items are included. The dummy
connectors should be removed and stored so that they can be replaced after the

% Currently, only computers running Microsoft Corporation’s Windows® 95/98/NT/2000/XP
operating systems are supported.

| Revision: A.1 | Document Number: SAT-DN-425 | - Copyright © 2007 by Satlantic - | Page: C-1




SYSTEM
SATLANTIC MBARI-ISUS V3
.-'-""_f“""-—_
SECTION
Operation Manual C. START UP

instrument is recovered. The instrument packing should be retained and reused
to prevent instrument damage during transport.

Additionally, lubrication for the male pins prior to connection is required. Satlantic
recommends DC-111 silicone grease (made by Dow-Corning). A petroleum base
lubricant must not be used.

When connecting the cables, proper alignment on the connector pins is critical to
avoid damage. Connectors should be inspected to ensure they are free of dirt
and then lightly lubricated before connecting. Visually ensure that the pins on the
male connectors are properly aligned with (and partially seated into) the sockets
on their female counterparts before pushing them together. Finally, ensure that
the locking sleeve is securely fastened after connection.

Assembly for Deployment

For deployment, the instrument body is mounted to a frame. Power can be
supplied via a battery pack mounted alongside. In this case, the 2-pin connector
for nominal 12 VDC is to be used. The 6-pin connector for 75 VDC nominal s
used for power supplied by cable.

Depending on the data collection configuration, the 6-pin serial or 4-pin analog
outputs may be connected to their respective data logging devices.

Once the ISUS is powered, an initialization sequence will prepare the device for
operation. The ISUS will output status messages as it goes through the
initialization steps. These will be displayed in the terminal emulator and are also
logged instrument internally for later reference.

Data Logging and Processing

The ISUS normally logs data internally, so an additional data acquisition device
or software is not required to operate the instrument. After deployment,
ISUSCom then retrieves the internally logged data files, and ISUSPro can be
used to further process the data. SatCon can convert ISUS log files into a
standard file format suitable for use in spreadsheet applications.4

Users who want closer control over the deployment may choose to monitor the
data acquisition in real-time. For utilization of analog data, see below under
“Telemetry Acquisition with a Seabird CTD”. Serial digital output can be logged
and visualized using Satlantic’'s SatView software® (see “Telemetry Acquisition
Using SatView” below for details).

Using an ISUS in an embedded system requites to feed either the analog or the
digital telemetry into the systems data logger. Satlantic has experience with a
variety of setups, and will provide support for custom setups.

* For more information on these applications, refer to the user's manuals distributed with the
software.

®> Any terminal emulator configured to use 1 start bit, 8 data bits, 1 stop bit, and no parity at the
configured baud rate (initially 34800 bps) can be used for logging.
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Telemetry Acquisition Using SatView

If you are using the ISUS with real-time telemetry, it is possible to monitor the
data in Satlantic’s SatView software. In this case, the 6-pin serial cable must be
connected to a computer’s serial port.

To view the ISUS data in SatView, go to the “Setup Menu” on the Toolbar, and
select “Add instrument”. Browse to find the appropriate - SIP file (included on the
instrument CD) and load it into the “From Instrument Package” box. Once the
-SIP file is loaded, go to the main SatView window and set the COM port. For
further instructions on how to use SatView, please refer to the SatView user
manual.

Below is an example of a data acquisition. The top left window is the connection
interface, and at the top right auxiliary data (nitrate concentration, temperatures,
power stability) are shown. At the bottom, the numerical values and a graph of
the UV-spectrum are displayed.

JD satview - Untitled o ] o4 P [m] 4
J| File Setup Log Wiew ‘Window Help ancillary Yiew
= Yiews
J| O | ‘ Q |f§->i =¥ i = | | B | 7 2 ’V(" Data ™ Sensor Calibrated Values |
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Q SATHDFOLOL |Logglng Status: (2 Ready &) Active || TiMeFiELD [EEIEEEE HH.hhihhh
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Figure C-1: SatView real-time display.
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Telemetry Acquisition with a Seabird CTD

The ISUS has been extensively tested with the SeaBird series of CTD profilers. It
is easy to integrate the analog output of the ISUS with one of the CTDs ancillary
inputs. For complete details, please refer Appendix J entitled “Interfacing the
ISUS to a SeaBird CTD Profiler”.

Below is a screen shot from SeaBird’s SeaSave software, highlighting the
detailed vertical resolution available when the ISUS is used in its profiling mode.

In the screen capture, the bright green trace is the analog nitrate concentration
signal to the CTD. Two up and down casts are shown. Here, the nitrate
concentration was centered on approximately 12 yMolar. Notice the detail in the
nitrate concentration profile. This test was performed in Halifax harbour, in Nova
Scotia, Canada, on February 3, 2003.
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Figure C-2: SeaBird SeaSave screen capture
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Deployment Example

The ISUS and a battery pack were mounted to the CTD’s lowering frame, as
shown below. The frame was then simply lowered over the side of the boat, by
hand.

Figure C-3: CTD, ISUS, and Battery Pack

The advantage of this approach is that it allows the user to obtain real-time data
in a visible format, including depth, temperature, salinity, and nitrate
concentration. It is easy to identify structures such as thermoclines, haloclines,
and fresh-water surface layers, and their relationship with the nitrate
concentration.
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D. OPERATION

Operating Modes

Continuous

Fixed Time

Scheduled

The MBARI-ISUS V3 has been designed with several user-selectable operating
modes: CONTINUOUS, FIXEDTIME, SCHEDULED, BENCHTOP and TRIGGERED.
Future ISUS units may include additional operating modes not described here.

The operating mode is retained in the ISUS’s non-volatile memory. At power-up,
the operating mode is checked and the necessary initialization actions are
performed. If the user changes the operating mode, the instrument firmware has
to be rebooted, either via the reboot command, or by removing and then
reapplying power. (When cycling power, it is necessary to wait approximately 1
minute before reapplying power in order to discharge the instrument internal
power protection charge).

In continuous or “profiling” mode the instrument begins acquiring data after a
configurable number of seconds (initially 15) and stops when power is removed.

Each acquisition cycle starts a new log file on the ISUS internal flash-disk with
the name DIVEnnn .DAT, where ‘nnn’ is incremented with each cycle; ‘nnn’ is
referred to as the deployment counter and is saved in non-volatile memory. Thus,
each profile is logged to a separate file.

When connected via a terminal emulator, the user will see a per-second counter
before the start of the acquisition. The ‘G’ (go) command bypasses the start-up
delay, the ‘M’ command provides access to menus for configuration, setup and
data download. After exiting the menu the instrument will return to the start-up
counter. After the instrument has started acquiring data, the ‘S’ (stop) command
(multiple key presses may be necessary) will return the instrument into the start-
up loop.

Fixed time mode is almost identical to continuous mode. The only exception is
that the instrument stops acquiring data after a user configurable period and
enters low power mode. The user can then choose to enter the menu.

Scheduled mode is typically used in moored applications. The ISUS can be
scheduled to periodically wake up, measure, and record data. Between events,
the instrument enters a very low-power sleep state to conserve power.

The schedule is defined in the SCHEDULE.TXT file, which has to be uploaded
onto the instrument prior to deployment. Initially, the instrument is scheduled to
power the instrument once every 60 minutes, and acquires 20 seconds worth of
data every time. The ISUSCom application is used to create a custom
SCHEDULE . TXT file.

The scheduling file contains three types of command lines, for example:
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16:30:00 Power +1SUS
16:30:45 Acquire 30 ISUS
16:31:20 Power -1SUS

The file follows Satlantic’s schedule file format, which can be used to schedule
multiple instruments. Here, only one instrument (ISUS) is scheduled. Each
acquisition event must contain the three above commands, i. e. powering up the
ISUS (indicated by the ‘+’ in the first command), acquiring data over a period of
time (here 30 seconds), and finally powering off the instrument (indicated by the
‘~*in the last command). A detailed description of the schedule file is provided in
the appendix in section I.

More generally, the scheduling event follows a simple three-state model: the
instrument is either OFF, ON, or ACQUIRING. Initially, the instrument is in the OFF
state. The instrument transitions from one state into another state are triggered
by the above commands.

OFF ON ACQUIRING
Power + Switch to ON | Ignore Ignore
Power — Ignore Switch to OFF Switch to OFF
Acquire Ignore Switch to Acquiring | Increment acquisition period
After #Sec | Ignore Ignore Switch to ON

When operating the instrument, some additional considerations apply. First of all,
there is a slightly variable time lag between the ‘Power-On’ command, and the
readiness of the instrument. Thus, sufficient time should be given, normally 25
seconds are enough. Secondly, the instrument lamp needs some time to
stabilize. To ensure data is acquired with the same lamp stability status, all
acquisitions should begin at the same time relative to the ‘Power-On’ time of the
instrument. Also, during warm-up the lamp changes its spectral characteristics;
therefore the acquisition duration should also be kept fixed to maintain identical
operating conditions.

Should there be an overlap of the ‘Power-On’ sequence into the acquisition
period, the acquisition will simply begin later and terminate when the scheduled
start time plus duration is reached. In case the acquisition period extends beyond
the ‘Power-Off’ point, the later event will overwrite the acquisition request,
terminate the acquisition and power off the instrument. Powering off the
instrument overwrites all other actions, mainly to ensure the instrument will not
remain powered over arbitrary periods of time.

Data acquired during each scheduling event are logged depending on user
specification either to a daily file SCHyyddd.DAT (yy and ddd indicating year
and day of the acquisition) or to one file per event DIVEnnn .DAT (to a maximum
of 999 files)

While in low-power sleep and when connected to a terminal emulator, the
instrument will wake up upon any key press. There will be a 15 second window
during which it is possible to enter the menu with the ‘" command, otherwise the
instrument will go back to sleep to wait for the next scheduled event.
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After a scheduling deployment, the message and error log files should be
consulted. Problems occurring during operation are recorded in these files.

Benchtop
Benchtop mode is basically identical to scheduled mode. The only difference is
that the instrument assumes that the power supply will be steady, and thus waive
some precautionary measures. When operating in Benchtop mode, the
instrument acquisition must be interrupted and the instrument must be in the user
interface menu before power can be disconnected.

Triggered

Triggered mode brings the instrument after initialization into a low power sleep
mode. An external controller can trigger an acquisition by first sending an
arbitrary character and then the character ‘g’ (for go) over the serial RS-232 line.
There must be a time delay between the first and second character of between 1
and 4 seconds. The ISUS instrument will wake up, and acquire data.

The acquisition can be terminated by either sending a termination key (character
‘s’ for stop) or by choosing a fixed time for each acquisition. Triggered mode is
similar to scheduled mode in that the instrument will acquire data intermittently.
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Frame Output Modes

The frame format for the ISUS, as with all Satlantic instrumentation, follows the
Satlantic Data Format Standard®. This standard defines how Satlantic frames are
composed and interpreted. For every sample taken, the instrument will compose
one frame of data, save this frame to flash disk and transmit it via serial
telemetry. The information contained in the frame will depend on the frame
output mode of the instrument. The instrument’s telemetry definition file (also
called calibration file) defines the format of the frame.

Three frame output modes are available in the ISUS: Concentration ASCII, Full
ASCII (default) and Full BINARY. Full mode provides all available information to
the user, at the expense of increased frame and log file size. Concentration
mode provides a greatly reduced frame, containing only a timestamp, the nitrate
concentration and auxiliary fitting results as calculated by the ISUS. The frame
format for each mode is given in the table below. Please note that either frame
output mode may be used regardless of the operation mode of the instrument.

For ASCII frames, separate fields are comma-delimited. The frame size may
vary, but a maximum size of each field is given. Satlantic’s data logging software
(SatView) supports such variable length frames, and as such the size of each
field may change without affecting the calibration file. If integrating the ISUS with
foreign data-logging devices, it will be necessary to rely on the comma delimiters
to distinguish data fields.

In BINARY frames, separate fields are of a fixed length, and therefore do not
require delimiters. This and the BINARY inherent compact representation of data
leads to a reduction of the frame size by a factor of nearly 3. BINARY frames
have to be converted to ASCII (e.g using SatCon) data for further processing.

The following table lists all fields occurring in ISUS frames, and explains their
meaning. The format of the fields and their size are given, first for ASCII frames,
then for BINARY frames. Occurring formats are ASCII Integer (Al), ASCII Float
(AF), ASCII string (AS), Binary Signed Integer (BS), Binary Unsigned Integer
(BU), Binary Float (BF) and Binary double precision float (BD). Binary fields have
fixed sizes, ASCII fields may have fixed or variable sizes. Please refer to the
Satlantic Data Format Standard for more details on these data types.

® For more information on Satlantic telemetry format, refer to the Instrument File Standard
document available from Satlantic
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Field Name Format Description

INSTRUMENT AS 10 The frame header or synchronization string starts with "SAT" for
AS 10 a Satlantic instrument, followed by three characters identifying

the frame type. The last four characters are the instrument serial
number.

DATE AS 7 The date field denotes the date at the time of the sample, using
BS 4 the year and Julian day. The format is YYYYDDD.

TIME AF 9 The time field gives the GMT/UTC time of the sample in decimal
BD 8 hours of the day.

NTR_CONC AF 4..7 The Nitrate concentration as calculated by the ISUS is reported
BF 4 in yMol/L; in ASCII frames to 2 decimal places.

AUX1 AF 4..7 First auxiliary fitting result of the ISUS is reported.
BF 4

AUX2 AF 4..7 Second auxiliary fitting result of the ISUS is reported.
BF 4

AUX3 AF 4..7 Third auxiliary fitting result of the ISUS is reported.
BF 4

RMS ERROR AF 8..10 The Root Mean Square Error of the ISUS’ concentration
BF 4 calculation is given, in ASCII frames to 6 decimal places.

The above fields are present in all frames, the following fields only in full frames.

T_INT AF5 The temperature inside the ISUS housing is given in degrees
BF 4 Celsius; in ASCII frames to 2 decimal places.

T_SPEC AF5 The temperature of the spectrometer is given in degrees Celsius;
BF 4 in ASCII frames to 2 decimal places.

T_LAMP AF5 The temperature of the lamp is given in degrees Celsius; in
BF 4 ASCII frames to 2 decimal places.

LAVMP_TIME Al 1.6 The lamp on-time of the current data acquisition in seconds.
BU 4

HUMIDITY AF 4.5 The humidity inside the instrument, given in percent. Increasing
BF 4 values of humidity indicate a slow leak.

VOLT_12 AF 5 The voltage of the lamp power supply.
BF 4

VOLT_S AF5 The voltage of the internal analog power supply.
BF 4

VOLT_MAIN AF5 The voltage of the main internal supply.
BF 4

REF AVG AF 7 The average Reference Channel measurement during the
BF 4 sample time, in ASCII mode to 2 decimal places.

REF STD AF 6 The variance of the Reference Channel measurements, in ASCII
BF 4 mode to 2 decimal places.

SW DARK AF 8 An AF formatted field representing the Sea-Water Dark
BF 4 calculation (to 2 decimal places), in spectrometer counts.

SPEC AVG AF 8 An AF formatted field representing the average value of all
BF 4 spectrometer channels, to 2 decimal places.

CHANNEL (A1) Al 3.5 The counts of the first channel (wavelength A;) of the
BU 2 spectrometer.

CHANNEL (An) Al 3.5 The counts of the n-th channel (wavelength A,) of the
BU 2 spectrometer.

CHANNEL (Az2s6) Al 3.5 The counts of the last (256-th) channel (wavelength Azsg) of the
BU 2 spectrometer.

CHECK SUM Al 1.3, A check sum validates frames.
BU 1 Satlantic’s software rejects invalid frames.

TERMINATOR AS 2 This field marks the end of the frame by a carriage return/line
AS 2 feed pair (ODhex and OAnex).
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Depending on the frame type, the sizes of the frames (for ASCII frames including
the delimiters) are:

ASCII Concentration Frame 73 bytes (maximum)
ASCII Full Frame 1694 bytes (maximum)
Binary Full Frame 605 bytes (fixed)

For a flash disk size of 256 MB, this translates to approximately 4,500,000 ASCII
Concentration frames, 155,000 ASCII Full frames, or 440,000 Binary Full frames.
With an acquisition rate of one frame per second, an acquisition period of 52
days (ASCIl Concentration frame), 43.5 hours (ASCII Full frame) or 122 hours
(Binary Full frame) can be stored on the flash disk. Larger disk sizes are
available upon request.

The instrument is normally configured to periodically generate dark spectra to
correct for thermal noise. This is achieved by closing an on-board shutter over
the UV light source before sampling. To distinguish between Light and Dark
frames, the instrument uses different frame headers. This allows any telemetry
acquisition system to distinguish between sensor readings taken with the shutter
opened and closed.

The different frames are distinguished by their header string: following the three
letter ‘SAT’ identifier is a three letter frame identifier: The first letter is for ISUS
frames always a ‘N’, indicating that the ISUS is an Nitrate measuring instrument.
The second letter indicates the shutter state of that frame ('L’ for Light frame, ‘D’
for Dark frame) and the third letter indicates the frame type (‘C’ for ASCII
Concentration Frame, ‘F’ for ASCII Full Frame, and ‘B’ for Binary Full Frame).

Frame Header | Explanation of frame header

SATNLC SATlantic Nitrate Light Concentration frame
SATNDC SATlantic Nitrate Dark Concentration frame
SATNLF SATlantic Nitrate Light Full ASCII frame
SATNDF SATlantic Nitrate Dark Full ASCII frame
SATNLB SATlantic Nitrate Light full Binary frame
SATNDB SATlantic Nitrate Dark full Binary frame
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Communicating with the ISUS

The operator can communicate with the ISUS via either USB utilizing ISUSCom
or its serial communication interface (SCI) utilizing a terminal emulator. The full
USB capabilities in conjunction with ISUSCom are available only in version 3
instruments, whereas the SCI had been available in previous ISUS versions. For
configuration and data download, using the ISUSCom application over USB is
recommended. Refer to the ISUSCom User Manual for details. The SCI interface
is identical to the interface available in previous ISUS versions, and described in
Appendix K.

A Note About Power Removal

Most data loggers that utilize flash disks for data storage require a shutdown
procedure to ensure that the log files are not corrupted or the instrument
rendered unusable when power is removed. The ISUS has a design that helps
prevent this from occurring, so that it is actually safe to simply remove power
without following a shutdown procedure. A non-battery based power backup
circuit is used, which provides power to the controller long enough for the flash
log files to be safely closed. After all safety procedures have been completed, a
message is sent via RS-232 port:

Power Failure...reached safe state

This message may not arrive if there is insufficient power remaining after
shutdown. However, an instrument internal recording is made, and queried upon
the following power up. If the ISUS did not manage to safely shut down, a
warning message will be displayed and recorded to log file. If this a message is
noticed, Satlantic should be contacted.

If possible, it is advisable to be cautious and stop logging before removing power.
Simply entering the Root Menu before removing power is a safe procedure. If the
instrument is operating in Benchtop mode, this procedure is required.
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E. RECOVERY

To recover the MBARI-ISUS V3, terminate data logging by issuing the stop
command (the ‘S’ key) when in continuous mode. Then simply remove the power
connection, disconnect all cables, and replace all dummy connectors. When
disconnecting a cable from the instrument, unscrew the locking sleeve, grasp
firmly on the connector head and pull off the cable. Do not twist or pull on the
cable directly as this may damage the connectors or the cable. Always
disconnect the power supply first.

Always rinse the instrument with fresh water prior to storage in order to prevent
corrosion. If seawater is allowed to remain in contact with the instrument in
storage, particularly around bolts or other contacts of dissimilar metals, corrosion
will occur. To not properly rinse the instrument before storage is considered
misuse and warranty claims cannot be made under such circumstances.
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F. MAINTENANCE

Preventative Maintenance

The MBARI-ISUS V3 requires little maintenance. Protecting it from impacts,
rinsing it with fresh water after each use, careful cleaning of the probe and
properly storing the instrument with the dummy connectors in place when not in
use will prolong the life of the instrument.

If the instrument is not working properly the following troubleshooting techniques
can be followed. If these are not successful, contact Satlantic for more
information.

Cleaning the Probe

In order to limit the possibility of damaging the probe, we suggest leaving the
probe guard in place and simply use a Q-tip applicator through the guard holes to
clean the probe. However, if you feel it is necessary to remove the probe guard,
you may simply unscrew the guard by hand (with a counter-clockwise rotation).
Never remove the probe retaining nut — this is held in place with 2 to 4
countersunk screws. Doing so will likely damage the probe internally and flood
the instrument!

To clean the probe, use the following procedure:

1. Acceptable cleaning agents include methanol or isopropyl alcohol using
standard cleaning methods commonly used on soft coated optics. De-ionized
water may be used, however it may leave spots that can affect transmission
and absorption.

2. Do not soak the Q-tip or lens tissue with the cleaning agent. It will leave
pools of liquid that will not dry properly. Just dampen the applicator with the
agent.

3. The applicator should be moved over the probe in one direction and then
discarded, or rotated to a different position so that contaminants are not
rubbed across the surface.

4. Ensure that all probe surfaces are cleaned.
5. The probes should be rinsed with water or methanol before they are stored,
or if they will not be used for a period of time.

The probes will have a small amount of carry over, so it may be necessary to
rinse them off before moving to the next sample if no contamination is desired.
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Assembling the Biofouling Guard

This section outlines the steps involved in assembling the biofouling guard.
Normally, you will only have to disassemble and reassemble the guard when the
Nitex™ filter cloth is replaced (before each mooring deployment).

The following figure shows the items necessary to assemble the biofouling guard:

Nitex™ Copper Screen
Filter Cloth

#8-32
Driver
Plastic
Shims

Figure F-1: Biofouling Guard Components

Guard End
Cap

There are two 43x3 mm o-rings mounted on the guard base that help to hold the

filter cloth against the copper screen. These o-rings only need to be replaced if
they are damaged.

Assembling the guard is a delicate procedure and may take some time to

complete. Be careful not to damage the probe when mounting it to the MBARI-
ISUS V3.
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The following figure details the components of the biofouling guard, and shows
how to assemble them.

Farts List
ITEM TITLE
£-32 % 114" SHCS
SCREEN RETAINER
BICFOULING SCREEN
100 MICRON MITEX
43 = 3mm METRIC ORING
ISUS PROBE BIOFOULING GUARD
4-40 x 174" SHCS
2-130 BUNA ORING

3

Lol Rt Keal RE R RN R
alajlalm|a|lalala

Figure F-2: Biofouling Guard Exploded Assembly
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Procedure
1. Ensure that the two 43x3 mm o-rings are installed. They are located at the

top and the bottom of the biofouling guard base.

2. Wrap the Nitex™ filter cloth screen around the base. Ensure that the screen
overlaps itself over any one of the three vertical shim grooves.

P .
7o
|- |

Figure F-3: Overlap the cloth over a groove

3. Wedge a plastic shim into the groove in the base where the filter cloth
overlaps.

Figure F-4: Insert a plastic shim
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5.

While holding the plastic shim in place, begin to slide the copper screen over
the filter cloth as shown. The shim should be beneath a solid portion of the
copper screen (no holes). Try to align the scribe marks on the base and
copper screen. Important: Ensure that the cloth does not wrinkle
significantly as the copper is positioned. This may take several attempts,
as it is a relatively delicate procedure.

Figure F-5: Start positioning the copper screen
Insert the other two plastic shims into the remaining grooves.

Carefully slide the copper screen entirely over the Nitex™ and plastic shims.
This will be a tight fit. Again, ensure that the cloth does not wrinkle as the
copper slides into place. The shims serve to pull the cloth tight over the
windows (holes) cut in to the guard base and ensures that the water cannot
bypass the cloth.

Figure F-6: Slide the copper screen in place

Check to make sure that the cloth is properly positioned under the copper
screen by looking inside from the bottom of the guard. The cloth should be
stretched tight across the base holes. If the copper screen is correctly
positioned the solid vertical sections of the copper screen (no machined
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holes) portions will be directly over the plastic shims and should not be
visible through the cloth.

8. Attach the end cap using the 1/4” long 8-32 nylon screw.

Figure F-7: Attach the end cap

9. The completed biofouling guard is now ready to be installed on the MBARI-
ISUS V3. Check to ensure that the scribe marks on the copper screen and
base are aligned.

e LR LR R R

T .

s T V"

Scribe Marks

Figure F-8: Check for scribe marks
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10. To mount the guard to the MBARI-ISUS V3, simply thread it on to the probe
retaining nut and tighten by hand. Only hold on to the guard base, as shown.
If you try to mount the guard while holding on to the copper, the copper will
rotate on the base. Ensure that the scribe marks still line up, otherwise water
flow through the filter cloth may be affected!

Figure F-9: Mounting the guard

Figure F-10: The ISUS with Biofouling Guard
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Troubleshooting using a Terminal Emulator

If you are experiencing problems receiving data with your data acquisition
software, there may be a problem with the instrument, its configuration, or its
physical setup. You can confirm if the instrument is transmitting telemetry using a
terminal emulator.

To do this, first complete the assembly procedure described in section C START
UP. Connect the instrument to a computer running a terminal emulation program.
For this test, you may use either the RS-232 interface directly, or the RS-422
interface through an appropriate level converter. You can therefore use the same
physical configuration you would use in the field. However, if at a later point you
need to gain access to the instruments menu system, you will need to use the
RS-232 interface directly.

Once the instrument is powered up and is in normal operation with free-running
telemetry, you should see a regular stream of data being output to the display.
However, you should be able to periodically pick out the instruments frame
header or synchronization string. This series of characters appears at the
beginning of every frame of telemetry, as defined in your instrument telemetry
definition file. If you do not see the frame header, but you do see random
characters, check that the baud rate of the terminal emulator is the same as for
the instrument. If you do not see anything at all, make sure that no other
application is using the serial port of the computer. If this checks out, there may
be a hardware problem.
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Troubleshooting for Hardware Problems

If a telemetry check using a terminal emulator failed to show any telemetry, you
should check the physical connections of your instrument and supporting
equipment.

To perform hardware checks, a multimeter with DC voltage measurement,
resistance measurement, and continuity check capability is required.

WARNING! While checking voltages, extreme care should be used so as
not to short the probe leads. A shorted power supply or battery can output
many amperes of current, potentially harming the user, starting fires, or
damaging equipment.

Check Connections

The cable connections of the system should be checked for continuity and
correctness. Make sure that all Subconn® connectors are free of dirt and lightly
lubricated before mating. Do not use petroleum-based lubricants. Satlantic
recommends using a light coating of DC-111 silicone grease (made by Dow
Corning®) on the male pins prior to connection. Also, ensure that the connections
are complete and, if applicable, the locking sleeves are secure.

§ Check that the power cable is properly connected to the power supply
and the instrument.

§ Check that all instrument interconnect cables are in place and properly
connected.

§ Check that the RS-232 cable is connected to the correct PC
communications port.

Check the Supply Voltage

To check voltages, a multimeter with DC voltage measurement is required.

Procedure:
1. Setthe multimeter to measure a DC voltage.

2. If using a battery as the power source, measure the voltage directly at the
battery terminals with the multimeter. A new or fully charged 12 V battery
usually measures in the 13 - 15 V range. If the voltage is low (under 11 V)
then recharge or replace the battery. If using a DC power supply, set the
output voltage in the range from 10 - 20 V, and check the voltage with the
multimeter.

Connect the power supply cable to the power source.

4. Being extremely careful not to short the probe leads, measure the
voltage between the pins on the supply cable. It should read approximately
the same as the measurement taken in step 2. If the voltages are not the
same, recheck the power supply cable connections. If the voltages are still
not the same, the cable is likely broken and will need repair. A wire break can
be confirmed with a continuity check.
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If the voltage is within tolerance, connect the power supply cable to the ISUS.

Again, measure the voltage at the power supply terminals. The voltage
should remain approximately the same as before, although there may be a
small voltage drop when using a battery (battery voltage drops under load). If
there is a significant voltage drop, disconnect the power immediately and
check for shorts in the cable.

Check Cable Continuity

Often, system problems can be traced to cable breaks or shorts. Usually, these
cable failures are a result of improper handling or storage. Cable continuity can

be

checked as outlined below. Make sure all cables are completely

disconnected before performing this test.

Procedure:

1.

Set the multimeter to measure continuity. The resistance measurement
setting can also be used.

Check for continuity by measuring from pin 1 on one end of the cable to pin 1
on the other end. The meter should confirm that the connection is continuous
by either giving an audible signal or measuring a low resistance. If there is
not continuity, there is a break in the cable, which will require repair.

Repeat step 2 for all pins in the cable.

Check for shorts from pin 1 to all other pins by keeping one probe lead on pin
1 and touching the other probe lead to each of the other pins in the same
connector in turn. Repeat this for all pins on the cable to make sure that all
the pins are isolated from each other. The meter should read this as open or
measure a very high resistance. If any of the pins are not isolated, there is a
short in the cable, which will require repair.
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G. WARRANTY

Warranty Period

All Satlantic equipment is covered under a one-year parts and labor
warranty from date of purchase.

Restrictions

Provisions

Returns

Liability

Warranty does not apply to products that are deemed by Satlantic to be
damaged by misuse, abuse, accident, or modifications by the customer.
The warranty is considered void if any optical or mechanical housing is
opened. In addition, the warranty is void if the warranty seal is removed,
broken or otherwise damaged.

During the one year from date of purchase warranty period, Satlantic will
replace or repair, as deemed necessary, components that are defective,
except as noted above, without charge to the customer. This warranty
does not include shipping charges to and from Satlantic.

To return products to Satlantic, whether under warranty or not, contact
the Satlantic Customer Support Department and request a Returned
Material Authorization (RMA) number and provide shipping details. All
claims under warranty must be made promptly after occurrence of
circumstances giving rise thereto and must be received by Satlantic within
the applicable warranty period. Such claims should state clearly the
product serial number, date of purchase (and proof thereof) and a full
description of the circumstances giving rise to the claim. All replacement
parts and/or products covered under the warranty period become the
property of Satlantic Inc.

IF SATLANTIC EQUIPMENT SHOULD BE DEFECTIVE OR FAIL TO BE IN
GOOD WORKING ORDER THE CUSTOMER'S SOLE REMEDY SHALL BE
REPAIR OR REPLACEMENT AS STATED ABOVE. IN NO EVENT WILL
SATLANTIC INC. BE LIABLE FOR ANY DAMAGES, INCLUDING LOSS OF
PROFITS, LOSS OF SAVINGS OR OTHER |INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING FROM THE USE OR INABILITY TO
USE THE EQUIPMENT OR COMPONENTS THEREOF.
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H. CONTACT INFORMATION

If you have any problems, questions, suggestions, or comments about the

instrument or manual, please contact us.

Location

Satlantic Inc.

3481 North Marginal Road

Halifax, Nova Scotia
B3K 5X8 Canada

PHONE: (902) 492-4780
FAX: (902) 492-4781.

Email: Technical Support: support@satlantic.com
General Inquiries: info@satlantic.com

Web: http://www.satlantic.com

Business Hours

Satlantic is normally open for business between the hours of 9:00 AM and

5:00 PM Atlantic Time. Atlantic Time is one hour ahead of the Eastern
Time. Daylight saving time is in effect from 2:00 a.m. on the second
Sunday in March through 2:00 a.m. on the first Sunday in November.
Atlantic Standard Time (AST) is UTC-4. Atlantic Daylight Saving Time

(ADT) is UTC-3.

Satlantic is not open for business during Canada’s statutory holidays,

which are as follows:
New Year's Day
Good Friday

Victoria Day
Canada Day
Halifax Natal Day
Labor Day
Thanksgiving Day
Remembrance Day
Christmas Day
Boxing Day

January 1st

The Friday before Easter Sunday (Easter
Sunday is the first Sunday after the full moon on
or following March 21%, or one week later if the
full moon falls on Sunday)

The first Monday before May 25"
July 1*

The first Monday in August

The first Monday in September
The second Monday in October
November 11"

December 25"

December 26"
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I. Appendix: A Schedule File Example

Schedule files define a daily schedule. All events must be in chronological order.
The instrument will go through the schedule file line by line, comparing its last
event time to the time of the event in that line. As soon as an event time later
than the previous event is encountered, the instrument prepares to execute that
event at the requested time. If there is no event later than the current event in the
file, the first event in the schedule file will be executed.

Each scheduling event is represented by a one-line entry. The first item is the
event time, given as an hour:minute:second string, using a 24 hour clock.
The second item is the command to be executed. The two possible commands
are POWER and ACQUIRE #SECONDS. Then follows the keyword prepended by a
+ or — sign, to indicate if the instrument is to be powered up or down.

Care has been taken in the design of the scheduled operation to not miss any
event in case an action requires more time then the time gap to the following
event. For example, it usually takes 25 seconds for the ISUS to power up. If there
is then an acquisition request too close to the power up event (as shown in the
example),

00:06:30 POWER +1SUS
00:06:35 ACQUIRE 120 ISUS
00:08:35 POWER -1SUS

the next event, which was scheduled for 00:06:35 will start late, and be cut short
by the power down event at 00:08:35.

Schedule files may contain comment lines starting with the ‘#-sign. Empty lines
and lines containing only space characters are ignored. The parsing of schedule
files is not very robust, so incorrectly formatted files may cause unexpected
behavior. Therefore, it is recommended to test a new schedule by acquiring data
in scheduled mode for a 24 hour period prior to deployment.

Below is an example of a schedule file. An ISUS set up with this schedule
acquires ISUS nitrate data every six hours for a period of 20 seconds.

# Schedule file for data acquisition every 6 hours.

00:06:30 POWER +1SUS
00:07:15 ACQUIRE 20 ISUS
00:07:37 POWER -1SUS
06:06:30 POWER +1SUS
06:07:15 ACQUIRE 20 ISUS
06:07:37 POWER -1SUS
12:06:30 POWER +1SUS
12:07:15 ACQUIRE 20 ISUS
12:07:37 POWER -1SUS
18:06:30 POWER +1SUS
18:07:15 ACQUIRE 20 ISUS
18:07:37 POWER -1SUS
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J. Appendix: Interfacing the ISUS to a Seabird CTD Profiler

The purpose of this document is to describe a generic procedure for interfacing
the ISUS to a Sea-Bird CTD profiler (such as the SBE 9, SBE 19, or SBE 25).
Testing has been done at Satlantic with the SBE 19, but the same general
procedure should work for any of the listed series of profilers.

Important Note: This document refers to ISUS V3. For earlier instrument
versions, please refer to the appropriate document or simply replace the nitrate
and auxiliary minimum values to “0” in the coefficient determination calculations.

Background

Along with its serial telemetry, the ISUS generates an analog voltage
representation of the calculated nitrate and auxiliary values. These voltages are
generated from a precision 16-bit digital-to-analog converter (DAC) and will lie in
the range of 0 to 4.096 Volts. These voltages can be recorded by the CTD
profiler, allowing the data to be merged with the CTD data.

This application note assumes that the user has some familiarity with their CTD
system and has knowledge of Sea-Bird’'s SeaTerm and SeaSave software, and
that the latest version of these software packages are installed on your logging
computer.

Setup

Physical Setup

You will need a PC with two spare comm. ports to configure the ISUS and CTD
profiler.

1. Ensure that the ISUS and CTD power is off.

2. Connect the ISUS/CTD interface cable to the ISUS and CTD profiler. The
ISUS connector will be a MCBH4F. The CTD connector will depend on your
CTD system, but it is usually an AG-306-HP. Here, we assume the single-
ended input is used.

3. Connect the CTD to a spare comm. port on your computer.

ISUS Setup
1. Connect the ISUS to an USB port on the computer using the 8-pin USB
cable.
2. Startup the ISUS software ISUSCom.
Before proceeding, you will need to set up the CTD profiler.
CTD Setup

The ISUS outputs two analog voltages to represent nitrate concentration and
auxiliary fitting value. This requires that the CTD be configured to measure
external voltages.

1. Connect to the CTD using Sea-Bird's SeaTerm program
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2. When communication with the CTD has been established, configure the CTD
to sample external voltages. With the SBE19, the SV2 command is used, but
this will depend on your CTD and other auxiliary instruments that are
connected.

Turn off the CTD.

Exit the SeaTerm program.

Start the SeaSave program. The SeaSave v 5.26F was used for testing

From the Configure menu, select New Instrument Configuration -> Create
New Instrument Configuration. If you already have a configuration file for
your system you can select Modify Selected Instrument Configuration. The
following steps assume a SBE 19 is being used, but the steps will be similar
for all CTDs.

oukw

Fis | Confprs - SormerCapley  Achieadlobs PasbraCobe Ve Hap

T SLIRIT mn OO

7. Select your CTD from the list. A window will open that allows you to edit the
various configuration settings.

8. Select the pressure sensor type from the drop down list.

9. Set the external voltage channels to 2.

10. Select the CTD firmware version

11. Set the number of 0.5 second intervals — this depends on the CTD settings.

12. Double click on the Temperature field in the Sensor list. Enter (or verify) the
calibration coefficients, then click ok.

13. Double click on the Conductivity field and enter (or verify) the calibration
coefficients. Click OK.

14. Double click on the Pressure field and again enter the calibration
coeffiecients.

15. Do not enter any information in the User Polynomial and User Polynomial 2
fields—we still have to determine these coefficients. The display will be similar
to that shown below:

| Revision: A.1 | Document Number: SAT-DN-425 | - Copyright © 2007 by Satlantic - | Page: J-2




SYSTEM
SATLANTIC MBARI-ISUS V3
d--'"_g—"'--_
. SECTION
Operation Manual J. INTERFACING TO A SEABIRD CTD

Configuration for the SBE 19 Seacat CTD

ASCI file opened: test.con

Fressure sensor type

Extemnal voltage channels 12 vl
IVersion »=30 "I
I'I_

[ Suface PAR volage added

Firmware wersion

0.5 second intervals

[~ NMEA position data added

Charirel Senzor Mew I
1. Frequency 0 I

x|

2. Frequency 1 Conductivity
3. Voltage 0 User Polynomial Save I
4 Voltage 1 User Polynomial, 2 REEN I
5. Pressure voltage | Pressure, Strain Gauge
Select.. I
Modify... I
Repart... | Help... | Exit I Cancel I

16. Click “Save As” and enter a name for this configuration file, such as

“ISUS.con”. Exit the configuration window.

17. From the main SeaSave window, click ScreenDisplay -> Add New Display

Window -> Fixed Display.

e e peyes - Seasn i

AR R L WSS B O Lk

18. Right-click this window, then select Setup. The Display Setup dialog box will

be displayed.
T

)

[iizpley Fila [ De5F] |E Susmsh merer S e B d\S essave- WG seanclt dad

Ol piiemrrs: Frar Diiepudag File
Sebect Display |OSFIF |

[edh Diclay Pasamaiois ]

S Disple [ DSFT P |

ok |

Caveal |

19. Click the Modify Display Parameters button. The Fixed Display Variables

set up window will be displayed.
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Frow #2  [zabray, P2 G- 78 IS U] Do it [0
Fiowe B3 [Beneiy. tigmes-thets [Loim 3] Do Ghghx [0
Fow H4:  |reeses Dac. Dagiz |3
Aow #%  |none Dac. Dyt 3_
Row#E [none o
Row 7 |nons D Dy |2
Flow #5  |rones o R FES
Row#t [none idle| Decligis [i
Riow H1C: [nane | Deolipiefi
Rare 117 [ | Decbgel
Feows B |none I]m.l];itﬁ—
Frowe 813 [ T T
Rove B14: [nons feo. Digie 1
Frare 815 [nons T
Rem BE: [iong h| Dmﬂtﬁ:t
Rre 817 [nono Do Dt 1
Rlorr B1E: [ | Detgell
Feore B3 [none Do, Digs: P
] o |

20.
21.

22.

23.

24,

25.

Set up the default variables as desired.

Add the nitrate concentration voltage to an unused row by clicking the Select
Variable button. From the drop-down list, select voltage 0. Display 6 decimal
places. This is the nitrate voltage as measured by the CTD.

Seloct a Varsabie From the Lt |

T sy of foang Avesaged |

=] ot LT e el
+

[y ot
= Sl

SN b
Colaes A
4 anund velnzily L -

PG Conduchey
specic volame sromaly
shotieg data

=] Waapaidhaw

1 e
SRR AT AT
uswipok
useipoly 1

= wollnge

-

On another unused row, click Select Variable. From the drop down list,
select voltage 1. Display 6 decimal places. This is the auxiliary voltage as
measured by the CTD.

On the next unused row, click Select Variable. Select userpoly 0. Display 3
decimal places. This will eventually display the calculated nitrate
concentration

On the next unused row, click Select Variable. Select userpoly 1. Display 3
decimal places. This will eventually display the calculated auxiliary value.

On the next unused row, click Select Variable. Select time->seconds. One
decimal place is sufficient. Your window should look similar to the following:
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x
Fow #0: |pressure [db] SelectVarable | Dec. Digits: IU_
Fow #1: |temperature, IT5-50 [deg C] Select Varable| Dec. Digits: ID_
Fiow #2: [salinity, P55-78 [P5LU] Select Variable| Dec. Digits: [0
Row #3.  |density, sigma-theta [kg/m"3] SelectVanable| Dec. Digits: T
Row #4: |valtage, number O [¥] Select Vaiabls|  Dec. Digits: [§
Row #5: |voltage, number 1 [+] Select Variable| Dec. Digits: 5
Fow #6:. |userpaly 0 SelectVanable| Dec. Digits: 3
Fow #7: [userpoly 1 SelectVariable| Dec. Digts: [3
Row #8: |time [s] Select Varable | Dec. Digits: 'I|_

Row #3:  |none

Select Yanable | Dec. Digits:

Riow #10: |none

Select Y arable Dec. Digits:

Fow #11: none

Select Y ariable Dec. Digits:

Fow 812 |rone

Select Varable| Dec. Digits:

Fow #13: |hone

Select Vanable| Dec. Digits:

Row #14: |none

Select Varable| Dec. Digits:

Bow 815 |fone

SelectVariable| Dec. Digits:

Faw #16: none

Select Vanable Dec. Digits:

Bow 17 none

SelectVariable| [Dec. Digits:

Fiow #18: none

Select Varable| Dec. Digits:

Fow #19: |hone

w| w|m|m|w| w|w| w| m| wl m|

Select Variable| Dec. Digits:

)4 I Cancel

26. Click OK to close the Fixed Display Variables set up window.

27. From the Display Setup window, click the Save Display [.DSF] File button.
Give it a name such as “ISUS.DSF”

28. In the main SeaSave window, place and size the fixed display window as

desired.

29. From the main window, click RealTimeData -> Start Acquisition. The
following dialog box will be displayed:

s and Coglay Bmsl T e st =

| reirurnent Conlapeston Fée O phons:

Brsinarpsrd Coadiguasion [ DOHFle F".H’WFH%MMEW‘I’IE‘IHJ 0

Ol Lot O plicest
- Frks O 1k

ExomiChanpe
IW [-COE]File

ot Cints | 00T o WEX] Pl |

Plunbey of S Bo sverage e [ ek L

08N Fonl Configuaaiion I

Erar Outpt D sta Pl M aiss

30. Select the proper .CON file (ISUS.con in our example).
31. Uncheck the Store on Disk box — you don’t need to log this example
32. Click the COMM Port Configuration button. Configure it to reflect the CTD

profiler settings.
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33. Press the Start Acquire button.

34.

Turn on the CTD’s magnetic switch. After a few seconds, you should see
data from the CTD being updated in the display window.

You now need to perform an ISUS/CTD calibration. Keep the CTD running.

ISUS/CTD Calibration
The following procedure will allow you to calibrate the ISUS with your CTD. This

is a

linear 2-point voltage calibration.

There are two interfaces to generating DAC output voltages: Either using the
ISUSCom application or via the ISUS Menu System. The ISUSCom GUI
provides an interface in its Tools Menu, whereas the ISUS Menu System access
is from the root menu via the 1SUS_INFO> submenu (press the ‘I’ key followed
by Enter) and then the 1SUS_DAC> menu (submenu (press the ‘A’ key followed
by Enter). Both interfaces allow the user to generate the ‘Low’ and ‘High’ output
voltages needed for the calibration procedure:

1.

To begin the calibration, generate minimal output voltage on both DACs
(normally 2000 counts) by going to the “Tools” and “DAC Calibration” menu
option in ISUSCom, and clicking “Low”. This ensures a small positive offset
voltage.
Refer to the Seasave program.
Record the voltage displayed for “voltage, number 0”. Call this voltage Vg,.
This number should be just over OV. For our system, it is 0.036630 V.
Record the voltage displayed for “voltage, number 1”. Call this voltage Vy,.
This number should be just over OV. For our system, it is 0.036630 V
Next, generate maximal output voltage at both DACs (normally 64000
counts) by clicking “High” in the “DAC Calibration” window of ISUSCom.
Refer again to the SeaSave program.
Record the voltage displayed for “voltage, number 0”. Call this voltage Vou.
This number should be less than 4V. For our system, it is 3.908425 V.
Record the voltage displayed for “voltage, number 1”. Call this voltage Vip.
This number should be less than 4V. For our system, it is 3.912088 V.
Close the “DAC Calibration window in ISUSCom.
Now, we calculate the A0 and Al coefficients for SeaSave using the linear
Concentration = Al V + AO relation. For nitrate (voltage 0), the Al and
AO coefficients are

A:I-NOS— = (NOS_max - No?’_min) / (VOM - VOL)

AOnos- = NO3'min - Alnos-* Vo

NO3 ax is the maximum allowed nitrate concentration; the default value is
100 pM. NO3 i, is the minimum allowed nitrate concentration; the default
value is =5 puM to allow for small negative offsets in the nitrate calculation.

The above values give Alyoz = 27.093572 and AOno3 = —5.992438

Similarly, for auxiliary (voltage 1), the Al and A0 coefficients are
Alpuiiary = (AUXILIARY mayx = AUXILIARY min) / (Vam — Vi)
AQauxiliary = AUXILIARY i = Al ausitiary * VL
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AUXILIARY o« is the maximum allowed auxiliary value; the default value is 50.
AUXILIARY ,in is the minimum allowed auxiliary value; the default value is —5.

The above values give Alayiay = 14.191871 and AOauxiiary = —5.519848.

The exact values for a specific instrument may vary slightly.

Now that we have our coefficients, we need to enter them in out SeaSave
program. In SeaSave, click RealTimeData -> Stop Acquisition.

1. Turn off the CTD’s magnetic switch
2. From the Configure menu, select New Style Instrument Configuration ->
Modify Selected Instrument Configuration.
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3. From the configuration dialog box, double click the User Polynomial field.
Enter the calculated A0 and Al coefficients for the nitrate voltage. Fill in the
serial number and date fields as well.

4. From the configuration dialog box, double click the User Polynomial, 2 field.
Enter the calculated A0 and Al coefficients for the auxiliary fitting voltage. Fill
in the serial number and date fields as well.

5. Click save. The calibration coefficients will be stored to the . con file.

6. Restart the CTD by clicking RealTimeData -> Start Acquisition. Turn on the
magnetic switch. After a few seconds, the data in the display window will be
updated.

7. Observe the userpoly 0 (nitrate) and userpoly 1 (auxiliary) fields.

8. Confirm a valid calibration by generating minimum and maximum DAC output
voltages using ISUSCom The readings for these outputs should be NO3 i,
and NO3 ax, and AUXILIARY i, and AUXILIARY o, respectively:

9. The CTD and ISUS are now calibrated. Stop the acquisition in SeaSave, and
turn off the magnetic switch. Ensure you have saved the configurations, then
exit SeaSave

10. Remove the ISUS power.

The next time you start SeaSave, simply load the ISUS configuration file by
selecting Configure -> New Style Instrument Configuration -> Select
Instrument Configuration, then select the ISUS.con file.

Set up the various displays as you see fit. You can now display a plot of nitrate
concentration against CTD depth by simply adding userpoly 0 to the plot.
Experiment to create a plot that suits you.
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K. Appendix: Serial Communication Interface

Menus

Via the serial communication interface (SCI), the ISUS menu is accessible. The
instrument must be connected to a power supply and via its isolated telemetry
port (6-pin) to a computer capable of emulating a serial terminal connection. The
HyperTerm software is a frequently used terminal emulator, but other programs
work equally well. For a guide on how to use HyperTerm, please refer to the
guide in Appendix L.

The ISUS always uses 8 data bits, no parity, no flow control, and one stop bit for
its communication. The data rate can be adjusted by the user, and is initially set
to 38400 baud.

When turned on, the instrument will first send startup messages over its serial
communication port. Then it waits for the operator to sent an interrupt (‘M’-key) for
entering the root menu.

If no interrupt is received (the normal mode of operation), data acquisition will
begin (CONTINUOUS, FIXEDTIME mode) or operation may be suspended to
resume up at a later time (SCHEDULED, BENCHTOP, TRIGGERED mode). The
‘S’-key interrupts acquisition, and a further ‘M’ key will bring the instrument into
the menu. An arbitrary key interrupts suspension in SCHEDULED mode, after
which the ‘M’-key key will bring the instrument into the root menu.

The root menu gives access to the configuration, setup, file and info menus.

In any menu, simply type H<Enter> to display the list of available commands.
To exit the current menu, press Q<Enter>. The menu interface does not
distinguish between upper and lower case letters.

Each menu has a distinct prompt indicating which menu you are currently in. For
instance, the prompt for the main menu is 1SUS>.

The menus serve a number of purposes: to view and optionally modify a current
instrument setting, or to move data to or from the instrument.

Configuration Menu

The Configuration Menu provides access to basic instrument settings. It is
identified by the 1SUS_CONF 1G> prompt. Commands are

[S]how Configuration

[B]laudrate

[D]leployment Counter
A typical configuration is:

Instrument type: 1SUS
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Serial No.: 101
Baudrate: 38400
Deployment Cntr: 16

Only the baud rate and the deployment counter can be modified.

Baudrate

The data rate for the telemetry channel may be one of 9600, 19200 or 38400
bps. To operate at a new baud rate, it is necessary to remove power from the
instrument, and restart it.

Deployment Counter

The deployment counter determines the next file name to use for internal logging
of data: DIVEnnn _DAT, where nnn is the deployment counter. If a file by that
name already exists, the data will be appended. The counter is incremented from
deployment to deployment, and will be reset to 1 upon reaching a maximum
value of 999. It is possible to set the counter to any value in the 1 ... 999 range.

Port Configuration Submenu

The Port Configuration Submenu is used to define the communication between
the ISUS-X and external instruments that are controlled by the ISUS. It is
identified by the 1SUS_PORT_CONFIG> prompt. The ISUS-X can connect to up
to four serial and up to two analog instruments. The serial instruments use ports
1-4, the analog instruments ports 5 and 6.

Show port configurations
For all configured ports the communication settings are printed, e.g..

Port 2 enabled

BR=19200 DB=8 Prty=N
FrameSync=HDR FrmLen=24
Output: SATSP2 Timestamp Data
Startup: <none>

Shutdown: STOP

Setup Menu

The Setup Menu provides access to operational parameters. It is identified by the
1SUS_SETUP> prompt.

When viewing a setup parameter, a typical response is

ISUS deployment mode (SCHEDULED, CONTINUOUS, . . .)
OpMode = CONTINUOUS

Note: Change takes only effect after restart
Modify? [N] ?

The first line gives the name of the selected parameter and the possible values it
may take. The second line specifies the current setting, and a third line may
provide additional information. To modify the parameter, press Y<Enter>,
otherwise press <Enter> or N<Enter>.
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When modifying a parameter, the possible values are listed:

Enter O for SCHEDULED

Enter 1 for CONTINUOUS

Enter 2 for FIXEDTIME

Enter 3 for BENCHTOP

Enter 4 for TRIGGERED

Enter number to assign new value [1] ?

After selecting a value (e.g. 0), the instrument will respond with

ISUS deployment mode.
Using now OpMode = SCHEDULED

The operational parameters are accessible via four sub-menus:

[O]Jutput Setup
[D]leployment Setup
[S]pectrometer Setup
[L]amp Setup

D[A]C Setup

These menus are explained in detail in the following sections.

Output Setup Menu

The Output Setup Menu provides access to telemetry and file output parameters.
It is identified by the 1SUS_SETUP_OUTPUT> prompt.

Status Messages

Normally the instrument generates messages during its operation, as to inform
the user of what is going on. It may be desirable to reduce the amount of output
generated. Potential error messages are not suppressed when status messages
are disabled.

Transfer Frame Mode

The results of each nitrate measurement are collected in individual frames. (See
“Frame Output Modes” for details.) This option determines what frame type will
be transmitted over the serial connection. Options are NONE, a full frame in
ASCIl format, a full frame in binary format, or a short (concentration) frame. The
instrument default is to send full ASCII frames.

For the purpose of post-processing, full frames are essential. Disadvantages of
full frames are increased transfer times.

It is not possible to disable both data transfer and data logging (see next option).

Logging of Frames to File

The results of each nitrate measurement are collected in individual frames. (See
“Frame Output Modes” for details.) This option determines what frame type will
be logged to internal data file. Options are NONE, a full frame in ASCII format, a
full frame in binary format, or a short (concentration) frame. The instrument
default is to log full ASCII frames.
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For the purpose of post-processing, full frames are essential. Disadvantages of
logging full frames are increased write time and disk use. If no post-processing is
required logging of data can be disabled. In this case, the data rate may increase
slightly, due to reduced processing requirements. There is no possibility to
recover data without logging to file.

It is not possible to disable both data logging and data transfer (see previous
option).

Log File in Scheduled Mode

When in scheduled mode, internally logged data are stored either in one file per
day, or in one file per scheduled event. Satlantic offers the ISUSFile application
to join multiple ISUS data files into a single ISUS data file.

Nitrate and Auxiliary DAC Range

The ISUS instrument generates analog output for the measured nitrate and
auxiliary fitting data (see the paragraph on lIsolated Analog Output). The
minimum and maximum values of the data range correspond to the minimum and
maximum output voltages. The selected range should correspond to the
expected measurement range. Selecting a too narrow range may cause loss of
information, a too wide range may cause reduced resolution. For a detailed
description, see section J Appendix: Interfacing the ISUS to a Seabird CTD
Profiler.

Deployment Setup Menu

The Deployment Setup Menu provides access to the deployment setting. It is
identified by the 1SUS_SETUP_DEPLOY> prompt.

ISUS Deployment Mode

Deployment or operational mode is one of SCHEDULED, CONTINUOUS,
TRIGGERED, BENCHTOP, or FIXEDTIME. (See section “Operating Modes” for
details.)

Initial Delay in CONT INOUS Mode

The instrument enters a countdown loop before starting to acquire data. This
loop allows the user to enter the menu interface.

Fixed Operational Time

When in FIXEDTIME mode, the instrument operates for a fixed time, and then
enters the menu interface. In TRIGGERED mode, this is the maximum acquisition
duration.

Spectrometer Setup Menu

The Spectrometer Setup Menu provides access to spectrometer settings. It is
identified by the 1SUS_SETUP_SPEC> prompt.
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Integration Period

Selecting this command allows the user to set the spectrometer integration time,
in milliseconds. The normal setting is between 700 and 850 ms. This value
should not be changed, as it requires a re-calibration of the instrument.

Collection Rate

A complete acquisition cycle consists in taking a fixed number of dark samples
followed by another fixed number of light samples. Normally, 1 dark sample and
10 light samples are taken. Dark values should be taken regularly, because they
compensate the thermal electronic noise of the instrument. If more than one dark
reading is taken, an average value is calculated.

Spectrometer Coefficients

The spectrometer polynomial coefficients permit calculation of the wavelength of
each spectrometer channel. These values cannot be changed.

Lamp Setup Menu

The Lamp Setup Menu provides access to fiberlite lamp settings. It is identified
by the 1SUS_SETUP_LAMP> prompt.

Power-On Warm-up Period

The lamp ignites best after reaching a minimum temperature. The warm-up
period is initially set to 5 seconds. When the lamp ages and the instrument
generates log messages about problems to turn on the lamp, a warm-up period
of 10 to 15 seconds may become necessary. Normally, this setting should not be
changed. This setting should only be adjusted after consultation with a
Satlantic representative.

Reference Diode
The reference diode serves as an indicator for lamp output.

When turning on the lamp, a minimum required intensity (initially set to 4000
counts) is required for the lamp to be considered ‘on’. Otherwise, the instrument
considers the lamp to be ‘off’, and tries to re-ignite the lamp. For an aging lamp
that looses its intensity, it may be necessary to reduce the number of counts. The
value should never be changed to too low a value, as the instrument may
operate with the lamp turned off. After changing the reference count value, the
instrument should be thoroughly tested to confirm it operates properly.

During instrument operation, the reference diode serves as an average
performance monitor for the lamp. In order to achieve stable data, a number of
samples are averaged during each data acquisition. The user may change this
value.

This setting should only be adjusted after consultation with a Satlantic
representative.
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Fitting Setup Menu

Fitting Range

The Fitting Setup Menu provides access to parameters affecting the instrument
internal processing of the measured spectrum into the concentrations of the
chemical species.

An alternative to adjusting the fitting parameters on the instrument is to collect
the complete spectra (full frames) and then re-process the data in the ISUSPro
application, which also offers adjustable processing parameters.

The fitting parameters are utilized in conjunction with the extinction coefficients
as provided in the extinction coefficient (.CAL) file. Extinction coefficients for
nitrate and artificial seawater of have been determined at Satlantic, as well as a
coefficient adjusting for temperature change.

Changing any of the fitting parameters may compromise the performance
of the instrument. Change any of these settings only after consultation with
a Satlantic representative.

The fitting range defines the wavelength range over which measurements are
used for estimating the concentration(s). The instrument supports a contiguous
wavelength range, which defaults to 217.5 nm to 240 nm.

The best fitting range depends on the type of water the instrument is used in. The
nominal fitting range is appropriate for both freshwater and seawater with
moderate amounts of secondary absorbers, e.g. dissolved organic matter or
particulate matter. In very clear water, the fitting range can be extended, which
may reduce the noise level in the measured chemical species due to the
availability of more data points for the fitting routine. If, on the other hand,
chemical species with absorption in the longer wavelength range were present,
these would introduce a bias into the calculated concentrations.

Changing the nominal fitting range is therefore only advisable if the expected
water composition is known in advance. This setting should only be changed
after consultation with a Satlantic representative.

Baseline Order

The baseline order of the instrument is nominally set to 1 (linear), and should not
be changed. Under special conditions, a baseline order of 2 (quadratic) has been
proven to produce better results. This setting should only be changed after
consultation with a Satlantic representative.

Seawater Dark Samples

The instrument has a lamp shutter to generate dark sample readings. In case of
a shutter failure in a saltwater environment only, it is possible to estimate dark
values by using spectral values in the very short wavelength range instead.
Saltwater has the property to completely absorb UV in the very short wavelength
range. This option is provided in order to permit data acquisition during a partial
instrument failure. This setting should only be changed after consultation
with a Satlantic representative.
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File Menu

The File Menu allows to list and view files on the instruments flash disk, and to
upload new files, or download or erase existing files. The menu is identified by
the 1SUS_FILE> prompt.

The available commands are two letter commands, where the first letter indicates
the type of action to be taken, and the second letter indicates the type of file(s) to
apply the command to. Available command letters are:

L List file(s)

0 Output file(s)

U Upload file(s)

D Download file(s)
E Erase file(s)

Available files to apply the commands to are:

P Program file, i. e the firmware operating the ISUS instrument
Coefficient file (both extinction and wavelength)
Extinction coefficient file(s), also called calibration file(s)
Wavelength coefficient file
Schedule file
Log file for messages and error logs
Data file of the recorded frames

D All Data files

Not all combinations of commands and applicable files are available or
meaningful.

>Orrn=mo

For file selections that are applicable to single files, the user will be prompted to
choose a specific file. The instrument firmware automatically generates and
expects certain file name conventions. The File Menu restricts the user to specify
only file names following these conventions.

For example, extinction coefficient files are always of the form 1SUSnnn$.CAL,
where nnn is the instrument serial number, and $ is a versioning letter to
distinguish different instances of the extinction coefficients. Thus, when
uploading a new extinction coefficient file onto the instrument, the user is only
requested to specify the version letter. In this way, errors due to a misnaming of
files are eliminated.

Similarly, data log files generated by the instrument are of the form
DIVEnnn.DAT, SCHED.DAT, or SCHyyddd.DAT (see under “Operating Modes”
for details). Thus, the user is only able to select files named in this scheme for
download.

List commands

The list commands will give a listing of the files of the specified type that are on
flash disk. Available commands are LP (list program file), LC (list coefficient
file(s)), LL (list message and error log files), and LD (list data files).
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Output commands

The output command causes a selected file to be printed to the screen. It is
possible to output coefficient files (OE, OW), the schedule file (0S), log files (OL)
and data files (OD). For large data files, completion of output may take a long
time. It is usually better to download a data file and view it locally.

Upload commands

If an instrument runs in scheduled mode, it is always necessary to upload the
SCHEDULE.TXT file (US). Otherwise, it is rarely necessary to load new files onto
the instrument. Exceptions are revised extinction coefficient files (UE) after a re-
calibration of the instrument. Also, in the future Satlantic may release updated
versions of the instrument firmware, which the user can then upload onto the
instrument (UP). When uploading new firmware onto the instrument, special
caution has to be taken to ensure that power is not lost during this procedure.
Otherwise, the Instrument can become inoperational.

File transfers to the instrument employ the XMODEM protocol. Thus, after
initiating an upload command, the host computer must transmit the desired file
using that protocol. The HyperTerm terminal emulator (see Appendix: Using
Windows® HyperTerminaL) has built-in commands (“Send File”) for this purpose.

Download commands

It is possible to download extinction coefficient (DE), log files (DL) and data files
(DD, DAD). Downloading coefficient and log files is usually only necessary for
trouble shooting. In some instances, Satlantic personnel may ask for the
instrument message or error log to better identify the instrument status. In normal
operation, downloading of data files is the most common action. It is possible to
download a single file (DD) or to download all data files (DAD).

After a file has been downloaded, and a successful transfer has been confirmed,
it may be useful to erase the file on flash disk, to make space for future data
acquisitions. It is, however, impossible to retrieve a once erased file.

File transfers from the instrument employ the XMODEM or YMODEM protocol.
The first step in every download operation is to choose the file to download. The
second step is to choose the protocol. If the serial connection can handle a high
baud rate and the file has a large size, it is advisable to increase the transfer
rate. The change of the transfer rate in the ISUS instrument must be matched by
a change in the terminal emulators transfer rate. For HyperTerm (see Appendix:
Using Windows® HyperTerminalL), the connection has to be disconnected before
changing the baud rate and reconnecting. The instrument waits after changing its
baud rate for 30 seconds before initiating the file transfer. At that time, the
connecting computer must initiate a “Receive File” command using the selected
transfer protocol. After the transfer has completed, the instrument will alert the
user that it will switch back to the original baud rate.

For an even faster download, the USB connection can be used (see below).

Erase commands

It is possible to erase extinction coefficient (EE), message and error log files (EL),
and data files (ED, EAD). Erasing extinction coefficient files is only useful when a
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new extinction coefficient file is to be uploaded. Message and error log files
should be monitored and cleared periodically.

Erasing data files is more important. Data files can become quite large.
Depending on the size of the flash disk and the output settings, a continuous
operation of approximately 50 hours may cause the flash disk to fill. Thus, for
operations of higher duration, instruments with an increased flash disk size
should be used; alternatively, binary frame output is more compact.

Warning: Erased files cannot be retrieved!

Info Menu
The Info Menu provides information about the state of the instrument. It is
identified by the 1SUS__ INFO> prompt.
Build Info
The currently installed version of the instrument firmware (i.e. the program
currently running) is displayed.
Disk Info
The currently installed operating system version and disk usage are displayed.
Clock Info

The current system time is given. The instrument does know about time zones;
all times are considered to be UTC (GMT) times. It is possible to set the clock at
this menu point.

Pixel to Wavelength
For a selected spectrometer channel, the wavelength is printed.

Lamp On Time (Odometer)

The instrument maintains a lamp use timer. The lamp is rated at a lifetime of
approximately 1000 hours, and the user may consider replacing an old lamp prior
to a lengthy deployment. Do not clear this timer!

DAC menu

The ISUS instrument generates analog output of the measured nitrate and
auxiliary fitting data (see the paragraph on Isolated Analog Output). The output
voltage is a linear transformation of the measured data, and the linear
relationship can be determined by utilizing the DAC menu functions. For a
detailed description, see J Appendix: Interfacing the ISUS to a Seabird CTD
Profiler.

Reboot command

After changing the deployment mode, the instrument has to restart. The easiest
way is to reboot the system; alternatively, power can be removed and re-applied.
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Using the Menus

Checking instrument values

When turned on, the instrument will first send messages over its serial
communication port. Then it waits for the operator to sent an interrupt (‘M’-key) for
entering the menu. If no interrupt is received (the normal mode of operation),
data acquisition will begin (CONTINUOUS mode) or operation may be suspended
to resume up at a later time (SCHEDULED mode). The ‘S-key interrupts
CONTINUOUS mode, and a subsequent ‘M’ key will bring the instrument into the
menu. An arbitrary key interrupts suspension in SCHEDULED mode, after which
again the ‘M’-key key will bring the instrument into the menu.

From here, the ‘I'-key will bring the instrument into the 1SUS_INFO> menu,
which provides access various instrument status functions.

Setting up for Scheduled Deployment

In order to set up the ISUS into SCHEDULED operation mode, the operator must
first enter the menu system.

To switch into SCHEDULED mode, the operator must enter the Setup Menu, and
in it the Deployment Setup Menu. The Operational Mode must be changed to
SCHEDULED, and on the next power-up, the instrument will be in SCHEDULED
mode. Leave the ISUS_SETUP_DEPLOY> menu using the ‘Q° command, and
then the ISUS_SETUP> menu, also using the ‘Q" command. Confirm that the
settings should be stored to be ready at next power-up. You should now be in the
1SUS> root menu.

Now confirm the current schedule, as specified in the on-board SCHEDULE . TXT
file. For this purpose, use the ‘F’ command to enter the 1SUS_FILE> menu. The
‘0S’ (Output Schedule) command will print the current schedule to the terminal
window. In order to change the current schedule, use the ‘US’ (Upload Schedule)
command to load another SCHEDULE . TXT file onto the instrument. The format of
the schedule file is defined in “I Appendix: A Schedule File Example”.

In order to enter SCHEDULED mode, remove power from the instrument, wait 1
minute, return power, and monitor the instrument output. One of the initial output
messages contains its current operational mode, and should be SCEHDULED.
Shortly thereafter, a message detailing the next scheduled event will be
displayed.

It is recommended to test a new schedule over a 24-hour period prior to any
deployment.

Setting up for Continuous Deployment

Initially, an ISUS instrument will operate in CONTINUOUS mode. After changing
the operating mode to some other setting, the operator must first enter the menu
system in order to set it back to CONT INUOUS mode.

To switch into CONT INUOUS mode, the operator must enter the Setup Menu, and
in it the Deployment Setup Menu. The Operational Mode must be changed to
CONTINUOUS, and on the next power-up, the instrument will be in CONT INUOUS
mode. Leave the ISUS_SETUP_DEPLOY> menu using the ‘Q° command, and
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then the ISUS_SETUP> menu, also using the ‘Q" command. Confirm that the
settings should be stored to be ready at next power-up. You should now be in the

1SUS> root menu.
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L. Appendix: Using Windows® HyperTerminalL

Most Satlantic instruments use serial communications for interfacing with the
outside world. This type of interface is simple to operate and convenient for
applications such as these. Although the instrument’s telemetry interface is used
mainly for broadcasting telemetry, it can also be used to establish a human user
interface to configure and test the instrument. A Terminal emulation program is
needed to use this interface, or to directly monitor instrument telemetry. These
programs have many common uses such as communicating with bulletin board
services, remotely logging on to other computers on a network, or
communicating directly with your modem. You can also use it for direct
communications with a serial port, which is ideal for communicating with Satlantic
instruments.

There are many types of terminal emulation programs. Most of these are suitable
for this application, so you are free to use whatever terminal emulator you are
comfortable with. If you are unfamiliar with terminal emulators, this tutorial will
help you get started with the emulator program that is distributed with Windows®
called HyperTerminal.

Installation of HyperTerm

The first step in using HyperTerminal is to make sure it is installed. One way of
starting the application is to use the Start button on your desktop. Select “Run...”
and type “hypertrm” in the space provided. If the program cannot be found, it has
probably not been installed. You can also check for a HyperTerminal installation
by selecting Start -> Programs -> Accessories. If a HyperTerminal folder is
visible in the Accessories folder, HyperTerminal is already installed.

If HyperTerminal is not installed, it is an easy matter to install it now. In Windows
95/98, open the Control Panel by selecting Start -> Control Panel. Open the
Add/Remove Programs control. When you have setup these dialog boxes as
shown below, press the OK button in each one. Windows will now install
HyperTerminal on your computer. You may need your Windows Setup Disks/CD
for this to complete. Just follow the on-screen instructions.
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means that only part of the component will be installed. To ses
what'z included in a companent, click Details,
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& Communications 0.ErE
[w] &2 Disk Tools 1.2 MB
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Components:
1 of 4 components selected O @ DialJp MNetworking 0.8MB ;I
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0.6 MB
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[ ] =
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Figure L-1 - Add/Remove Programs
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Starting a session

When starting HyperTerminal for a new connection, the program will ask for

connection information to be saved for the next session.

Connection Description ﬂ E |

Enter a name and chooze an icon far the connection:

Marme:

lean:

o]

Cancel |

Figure L-2 - HyperTerminal Connection Description

Enter a name for the new connection in the space provided. The name should
reflect the nature of the connection. In this case, a good name would be “COM1
Direct”, depending on the serial port used. Pressing the OK button then should

invoke the “Connect To” dialog box:

Connect To

Enter detailz for the phone number that you want to dial:
LCountrydregion: ICanada (1] j

Arga code:

Phione number: I

902

COmA1

Connect using:

Figure L-3 - HyperTerminal Connect To dialog box
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As the connection does not involve a modem, only the “Connect using:”
dropdown box is needed. Select the desired serial port.

After pressing the OK button, HyperTerminal will open a communications
properties dialog box for the selected serial port.

comipropertes |

Puart Settingz |

Bitz per second: I RYRO0 j

Data bits: IE j

Parity: I Maone j

Stop bits: |1 4

Elaw contral: [0 -

Bestare Defaulk: |

] I Cancel | Apply |

Figure L-4 — Serial Port Properties dialog box

The parameters of this dialog box must match the specifications of the
instrument’s telemetry interface. The ISUS normally communicates at 38400 bits
per second, and it uses 8 data bits, no parity, 1 stop bit, and no flow control.
These settings can be modified at a later time.

Pressing OK will cause HyperTerm to connect to the selected port using the
settings provided.
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Before using the connection, it may be useful to adjust the emulation settings
(the behavior) of the terminal window. In order to do so, it is necessary to first
disconnect HyperTerm from the serial port, using the Disconnect selection
under the Call menu. The connection can be re-established via the Connect
command in the Call menu.

HyperTerminal's settings are available via the File menu, under Properties. The
“Settings” tab provides access as shown below.

COM1 Direct Properties E |

Connect To Settings |

— Function, arrow, and ctil keys act az
' Teminal keps £ Wwindows keys

— Backspace key sends
o Chl+H © Del  Cil+H, Space, Ctil+H

Emulation:
[FRET ~|  Temina Setup.. |

Telnet terminal ID: JANSI

Backscroll buffer lines: IEEIEI ::I

[T Play zound when connecting or dizconnecting

Input Translation... | ASCH Setup... |

(] I Cancel |

Figure L-5 — Connection Properties dialog box

In the “Emulation:” dropdown box, ANSI should be the connection’s terminal
emulation mode. The other settings of the dialog box should be set as shown.
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Additionally, the “ASCII Setup” must be adjusted, as shown in the figure below.

hscisewe B

— A5C| Sending
[T Sendline ends with line feeds
[~ Echo typed characters locally

Line delay: IEI millizecondsz.
Character delaw: IEI millizecandsz.

— ASCI Receiving

[T Append line feeds to incoming line ends
[T Eorce incoming data o 7-bit ASC
v wiap lines that exceed terminal width

Cancel |

Figure L-6 — ASCII Setup dialog box

These settings are important in maintaining proper character I/O with the
instrument. HyperTerminal is now set up to communicate with the instrument.

This lengthy setup procedure must only be executed once. When exiting
HyperTerm, the program will save all connection information in a HyperTerminal
file (*.ht) in the application’s directory. Opening this file at a later time will cause
HyperTerm to establish a connection with identical settings.

Re-connecting via the Call menus Connect command will open the connection

in a terminal window, displaying any data sent by the instrument. Any key
pressed on the keyboard will be sent to the instrument.
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M. Document Change History

Revision A

Initial revision, based on ISUS V2 manual.

Revision A is valid for Firmware version 3.0.
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