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Aanderaa Oxygen Optodes

Best Practices for Maintaining High Data Quality

This document gives recommendations on field adjustments of oxygen optodes.

Done correctly a one or two-point adjustment of an optode will give it almost the same
accuracy as when it was factory calibrated. By following these procedures end-users should
be able to maintain high accuracy and documented data quality themselves.

Below two different methods are suggested.
Adjustment of saturation calibration in air-bubbled water: The example given is from the

Swedish Aquanet project in which about 100 Aquaoptode (model 4531) were used at five
field stations for five months in targeted mesocosm studies.

Aanderaa optodes are stable and normally becomes better over time. Do not change foils
unless mechanically damaged. During the initial months of storage/use a Foil maturation
process occurs resulting in lower readings by several %. The maximum observed maturation
induced drift on more than 1000 sensor has been 8 % for sensors with non-factory pre-
matured WTW foils (model: 4835, 4531 and 5730 Steinsvik) and 6 % for sensors with factory
pre-matured PSt3 foils (model: 4330, 4831, 5331 hadal). During/between field deployments
there are possibilities for end users to post-adjust the sensors either by a one-point air-
saturation adjustment or by taking reference samples (e.g. water samples and Winkler
titration) and/or using a well-calibrated sensor in parallel. If done correctly such an
adjustment should result in an absolute accuracy of around 1 % for multipoint calibrated
sensors (model: 4330, 4831, 5331 and 5730) and 3 % for two-point calibrated (model: 4835,
4531), see below for more information about factory calibrations. The drift will decrease over
time so that during the second year it is not likely to be more than 1-2 %. After this it should
be less than 0.5 % per year, unless the foil is mechanically damaged.

Saturation adjustment: After the first year of Aquanet experiments, 16 optodes from one of
the sites were immersed into an open tank filled with air-bubbled freshwater and left there to
record for several days (Fig. 1). It is important that the aquarium pump takes in air from an
open atmosphere outside, not from inside _ :

the room/laboratory where O, levels will be
affected by the on-going activities and/or
the ventilation. To verify that optodes are in
saturated water you can take them up from
the water and hold them just above the
surface for a few minutes. There should
then be no change in the saturation
readings.

Fig. 1: Sixteen (16) optodes immersed into
air-bubbled freshwater for post-deployment
calibration check.
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Fig. 2. Saturation readings from 16 optodes in air-bubbled freshwater (lower panel) and
variations in local air-pressure (blue curve) and the calculated related air saturation levels
compensated for the height above sea level (red curve) during an 8-day period. It should be
noted that there is a 0.1-0.5 % difference when air-pressure changes from low-to-high
compared to when it changes from high-to-low. The reason for this is an adaptation delay in
the water mass in the tank. The smaller and better stirred/bubbled the water volume around
the sensors is, the faster the water will reach equilibrium when air-pressure and/or
temperature change(s).

The 16 optodes read between 4.1-6.5 % low and should be individually compensated by
multiplying the readings by a factor of 1.041 for the sensor that reads the highest and 1.065
for the sensor that reads the lowest.

Adjustment of saturation calibration in_air: The method suggested above gives high
guality one-point adjustments but can be time consuming. A simpler field method, inspired
by in-air calibrations on Argo floats and gliders (Bittig & Kortzinger, 2014; Johnson et al.,
2015; Nicholson & Feen, 2017; Bittig et al., 2018) could be used during measurement
campaigns but could render lower quality if the optode foil is not wet or the temperature at
the foil is different from the one at the temperature sensor.

Simply let the optode(s) log outside in free air for several hours before and after the
deployments and note the average air-pressure.

Preferably the recordings should be done during the night when air is normally moister and
temperature is lower and more stable.

At sea level at standard air pressure (101.3 kPa = 1 Atm = 14.69 psi) the sensors should

show 100 % if wet and 102 % if completely dry and at an air pressure of 100 kPa it should
show (1.3/101.3)*100 = 1.3 % lower.
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The example below is from a SeaGuard instrument (measuring currents, mooring
movements, particles, O, temp, salinity and depth) that is in continuous deployment in the
Mediterranean Sea (E2-M3A observatory) at 1250 m depth. The instrument was logged in
air before and after every deployment (Fig. 3). It was found that the oxygen optode was
showing 9 % too low but that it did not drift over the 4-year deployment period that is
reported on here. Also, pressure data from the deep water rated pressure sensor indicated
that there was no drift since it was tracking with air-pressure in-between deployments.
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Fig. 3: Simple field quality control letting the instrument log in air. The example shows quality
control of the pressure sensor and the oxygen optode mounted on the SeaGuard.

Adjustment of zero (0) readings: To maintain high accuracy when using sensor in low
oxygen environments also the zero calibration can be checked but normally its drift is
minimal.

The sensor then has to be immersed into an environment with zero oxygen until the readings
stabilize at low, close to 0 %. Please observe that plastic sensors and containers will take
longer to reach low levels because plastics absorb or dissolve oxygen that can contaminate
the surroundings. Methods that can be used include that the sensors could be put into a
plastic bag filled with e.g. N> gas or immersed into zero oxygen water where oxygen was
removed chemically (e.g. sodium sulphite, Na>SOs), biologically (put yeast and sugar in body
warm water and all O, will be consumed). Also boiling or bubbling water with e.g. N> gas will
create low O, water but it is difficult to be sure that its O, concentration is absolutely zero.

If a 0 % O check is done this compensation could also be added/subtracted. If the sensor
reads e.g. +0.2 yM in Nzgas/anoxic water -0.2 uyM should be subtracted from the data. To
facilitate calculations we have made an Excel sheet that also gives the text strings to be
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transferred to the sensor in case a terminal emulator software program is used (see
instructions below).

Correcting sensor readings: There are two ways to correct the readings: A. Externally: By
applying the correction factor(s) as a post-compensation or in real time by the software that
logs and presents the incoming data. B. Internally: By serially (RS232) connecting the
sensors to a PC and change the factor internally. This factor can be changed by using the
dedicated Aanderaa software (RT collector) or by sending commands from a terminal
emulator software program (e.g. Tera Term, HyperTerminal). Instructions for how to do both
are given below in appendix 1 and 2.

Recommendations: It is recommended to do an air saturation quality check of oxygen
optodes before and after long deployments.

Please keep records of how sensors mature over time. It will help detect when a sensor
starts to behave abnormally.

Sensors should be cleaned before storage and stored with black caps on including some tap
water, or with a piece of wet cotton taped against the foil. If sensors are stored dry the foil
will dry out which could lead to 1-2 % lower readings. The sensor then needs to be placed in
water to hydrate at least 24 h prior to starting filed measurements again. The storage
temperature is not important.

Antifouling: Biological fouling is a major impediment for long-term monitoring in shallow
water. For antifouling protection of e.g. Aanderaa sensors different solutions have been
successfully applied including:

1. Zebratech wipers have been protecting Aanderaa Turbidity, O,, and pCO:
sensors/optodes (Fig. 4). With a SeaGuard/SeaGuardll/SmartGuard one of the
analog channels can be used to activate a wiper or UV leds. The "warm-up time for
the sensor" is used to turn on the wiper/UV for a desired time period. You should set
it up with a delay so that it is not wiping/shining sensors when the measurements are
done.

2. Copper tape (e.g. 3M 1181) or Copper/Nickel (last much longer) are easy antifouling
solution (Fig. 4). When applying the tape please be careful so that there is no contact
between the tape and other metal parts. Then the tape will loose its antifouling
properties.

3. UV leds in combination with copper tape (Fig. 4) have turned out to be efficient for
long (year) deployments on costal observatories. The downside of UV LEDs is that
they consume relatively high amounts of power. Please contact Aanderaa to get
more detailed recommendations.

4. Electro-chlorination has been successfully applied to Aanderaa and other
manufacturers sensors in multiple applications conducted by IFREMER.

5. Ongoing trials: Aanderaa is continuously searching for and testing new combinations
of antifouling methods. The focus is on non-toxic methods like fiber/hair cloth and
“shark skin” film.

Please contact us to obtain more detailed recommendations and information.
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Figure 4, Left: Wiper protecting of a pCO, optode against fouling, wiping is activated by one
of the four SeaGuard analog ports. Middle left: multi-parameter instrument with copper tape
on some parts after 2 months in an area with high biofouling. The copper tape last for about
1 year and nothing grows on it. Middle right: Close-up of the Turbidity and O, optode both
measured correctly for 1 and 2 months respectively. Right: Conductivity and O, optode on
SeaGuard were successfully bio fouling protected by UV-LED'’s during the active season.
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Aanderaa optode models and their calibrations
Common features: Very well characterized (+150 scientific papers). Extreme stability. High

guality temperature sensor. Red reference LED. Stern-Volmer Uchida formulas. Output
calibrated values in uM, % saturation and raw data. Dynamic Range: 0-300 % (higher range
at request). Calibration range: 0-120 % (higher range at request, special calibrations have
been provided for 0-500 %). Response time (63 % in water) standard foil te3<25 s and fast
foil tes< 8 s (only for model 4330, 4831 and 5331). Resolution/Precision better than 0.1 pM.

Fig. 4: Aanderaa offers five optode models: A. 5730: 40-point calibrated, WTW foils*, flush
mounted, aguaculture cameras, serial output. For OEM sales, restriction apply, please
contact us. B. 4531: 2-point calibrated, WTW foils*, 100 m rated, various connector options,
shallow water/aquaculture, serial+analog (V/mA, 2 channels) output. C. 4835: 2-point
calibrated, WTW foils*, 300 m rated, coastal, serial+AiCaP** output. D. 4330: 40-point
calibrated, pre-matured PreSens foils***, 3000/6000/12 000 m rated, high accuracy/deep
water, serial+AiCaP** E. 4831: 40-point calibrated, pre-matured PreSens foils***,
3000/6000/12 000 m rated, high accuracy/deep water/3d party platforms, 8-pin SubCon
connector, serial+analog (V/mA) output.

*WTW FDO 701: WTW is a Xylem company that offers high quality instrumentation for
laboratory and wastewater application. Their O, optode foils are stable and exceptionally
robust against the mechanical wear that often occurs in shallow water application.

** AiCaP: AiCaP: is a modified CAN bus based master-slave communication protocol
standard available on most of Aanderaa's smart sensors. AiCaP makes plug-and-play
connection, to as many (+40) sensors, possible when connected to an Aanderaa logger or
Hub directly and remotely using a single seven wire cable. This is practical in all multi-
parameter applications e.g. strings, buoys, ferry boxes, autonomous platforms.

***PreSens PSt3 foils: used on our high accuracy/deep water optodes. These foils are stable
and very well characterized for oceanographic use in more than 20 scientific papers (see
Bittig et al., 2018 for a recent summary). Used on Aanderaa optodes in thousands of
applications since 2002. To minimize initial drift the foils are pre-matured before doing the
40-point calibration, which today is standard for 4330 and 4831. A fast responding version is
available (ts3< 8 s). The fast foils were upgraded from July 8, 2018 (model 4330 s/n 2994)
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and April 5, 2018 (model 4831, s/n 737) with foils that has the same low noise level as the
standard foils and it is less sensitive to direct incoming sunlight (compared to the previous
version fast foils).

It should be emphasized that the foils used on Aanderaa oxygen optodes become more
stable over time. The longest operating optodes were delivered in 2002 and most of these
still use the original foils. Therefore foils should not be changed unless they are
mechanically damaged. By following the recommendations in this Best Practice
document it is possible for end users to keep sensors operational for many years at a
high level of accuracy without the necessity for overhaul and calibration by Aanderaa.

Two-point calibrations: The two-point calibrations (Accuracy 5% or £8 uM) are based on
a common characterization of a production batch (normally 100) of sensing foils with an
additional two-point adjustment for every optode. The two-point calibrated sensors, 4531 and
4835 (see above) are calibrated at 10°C for 100% saturation, and at room temperature
(22°C) for the 0% point. For referencing at 100 % saturation three (3) 40-point calibrated
optodes (absolute accuracy better than + 1 %) are used. The calibration of these is back
traceable to regular checks in one of our multipoint calibrations tanks, which are regularly
verified by water samples analyzed by Winkler titration.

Multipoint calibrations:_For application demanding higher accuracy (£1.0 % or £2 uM) an
individual multipoint calibration was optional for the 5730, 4330, 4831 and 5331 optodes
from 2012. Since January 1, 2018 it is automatically included without extra cost for all deep-
water 4330, 4831 and 5331 models that use PreSens foils. The foil pre-maturation process
is standard before calibration. This process removes the initial drift in new foils and brings
them to a state where the drift is typically 0.025% per 100,000 measurements.

Fig 5 Left: One of three multipoint calibration systems in operation at Aanderaa. Middle:
Detail of multiple sensors inside the temperature regulated bath. Right: Regular control of
the 3 reference optodes is done with Winkler titration using an automatic titration system
from SI Analytics (a Xylem company).
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After pre-maturation the optodes are placed in one of the specially designed automatically
controlled temperature-regulated baths where the oxygen saturation is changed by diffusing
different mixtures of Oz and N into the water. The gas mixture is controlled by use of high
accuracy Mass Flow Controllers. The water is stirred vigorously to provide homogeneity and
oxygen concentration is measured by three reference optodes that are fully calibrated (40
points) by water sampling and Winkler titration one time per year. For continuous control
water samples are also taken every month and analyzed by Winkler titration.

Aanderaa has participated, with good results, in an international inter-comparison in which
the performance of different leading oxygen calibration laboratories (in Australia, France,
Germany, USA, Japan and Norway) were evaluated. These laboratories are mainly focusing
on high accuracy calibrations of oxygen optodes for Argo floats and gliders. If of interest
please contact us for more information about this work.

Based on the calibration data seven coefficients (c0 to ¢6) in the modified Stern-Volmer
formula derived by Uchida et al, 2008 [17] are calculated:

(-1
_ e
[0,] = Ky
and:
Kgy = co + 1t + cqt?
Py = c3 + ¢4t
P. = c5 + ¢6P;

where t is temperature (°C) and P is the raw phase shift reading (TCPhase)

After the calibration sequence the performance of all sensors are verified in 20 points
covering the complete calibration range. For an example see Fig. 6, below.

A s B ——
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Fig. 6: A: Targeted calibration points for a standard 40-point calibration. Please note that
optodes are more sensitive at lower concentrations. B: 3D plot of residuals during the 40-
point calibration. C: Residuals at the 20-point check that is done directly after the calibration.
A full calibration with check is automatic and takes 48 h.

Our experience from delivering thousands of optodes over more than 15 years is that optical
oxygen sensors are non-linear both in response to oxygen and to temperature. In addition
their sensing foils, optics and electronics can differ. It is therefore our strong opinion that
individual multipoint calibrations are necessary to achieve the highest accuracy through the
lifetime of the sensor. In Bittig et al (2018) similar recommendations are also given:
Depending on the kind of optode calibration, handling and usage scenario, accuracy of O
measurements can vary considerably (from 1 hPa to more than 20 hPa, see Fig. 11, in
Bittigs paper, for PSt3 foil optodes). To achieve highest accuracy, each sensor requires an
individual multi-point calibration in T-and O»-space at least once during its lifetime. Foil batch
calibrations fail to achieve such high accuracy.

Be Aware of How Different Manufacturers Give Specifications:
Different manufacturers specify the performance of their sensors differently. It is worth taking
this into account when comparing sensor specifications.

When Aanderaa states an absolute accuracy of e.g. (x1 % or £2 uM), we mean the accuracy
of the sensor in the field over the entire range of oxygen concentrations and temperatures.
Another manufacturer might mean the laboratory accuracy just after calibration or in some
cases how well the sensor returns to the exact same point as it was calibrated in right after it
was calibrated. If specified in this way, our accuracy would be approximately +0.5 %.

When Aanderaa states a 63 % response time of 25 s for the non-transparent foil and 8 s for
the faster responding transparent foil, we mean the response time in water at 20°C. Other
manufacturers give the response time of their sensors in air. If we were to specify in this way
our 63 % response time would be approximately 6 s for the non-transparent foils and 3 s for
transparent foils.

Our philosophy is to give specifications, which reflects the field performance of our sensors.
We are convinced that this way of specifying is more valuable for the end user.
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Scientific papers using Aanderaa optodes
(Only first authors listed, full references in list, updated July 2018.)

Commercially available oxygen optodes for oceanographic application were introduced by
Aanderaa in 2002. The proven long-term stability (years) and reliability of these sensors
have revolutionized oxygen measurements and several thousand are in use in applications
ranging from streams (Birkel 2013) and buried in the river bed (Malcolm 2006,2009,2010,
Vieweg 2013) to the deepest trenches (12 000 m) on earth, from aquaculture (Thomas,
2017) to wastewater, from polar ice (Mowlem 2013, Bagshaw 2016) to earthquake areas
(Oguri 2016). This document gives examples of published scientific investigations in which
Aanderaa optodes have played a central role.

The basic technique and an evaluation of its functioning in aquatic environments were
presented in Tengberg (2006), Bittig (2014,2015A,2018). Other studies include use on
autonomous floats Joos (2003), Koértzinger (2004,2005,2008), Kihm (2010), Koelling (2017),
Johnson (2009,2010,2015), Alkire (2012), Bittig (2015B,2017), Bushinsky (2016), Fiedler
(2013), Takeshita (2013), D'Asaro (2013), Nikolov (2015), Plant (2016), Wolf (2018), Sarma
(2018) on gliders (Nicholoson 2008,2017, Karstensen 2015, Pizarro 2016, DeYoung 2018,
Queste 2018) on Autonomous Underwater Vehicles (Clark 2013), animal-borne (Baileul
2015), autonomous sail buoy (Ghani 2014), long-term monitoring in coastal environments
with high bio-fouling (Martini 2007), on crab pots (Shearman 2012), on coastal buoys
(Jannasch 2008, Johnson 2010, Bushinsky 2013), on Ferry box systems (Hydes 2008,2009,
Hartman 2014), on cabled CTD instruments for profiling down to 6000 m including
suggestions for improved calibrations, pressure effect and compensation for slow response
(Uchida 2008) and in chemical sensor networks (Johnson et al 2007). In the Hypox project
multiple optodes were used on multiple platforms to study Hypoxia (Friedrich 2013). Lo Bue
(2011) pointed at potential artifacts in oxygen readings in environments with low currents. It
has been found that the lower readings are caused by oxygen consumption occurring when
metals are corroding (e.g. one sacrificial Zn anode with a weight of 130 g can consume all
oxygen in 700 | of water). In Bittig et al. (2012) a seagoing multipoint Winkler free optode
calibration system is described and used. McNeil (2014) suggested calibration methods
based on physical properties of the sensing foil. Drazen (2005) presented a novel technique
to measure respiration rates of deep sea fish and Sommer (2008) described an automatic
system to regulate oxygen levels and to measure sediment-water fluxes during in-situ
sediment incubation at vent sites. Wikner (2013) measured respiration rates of oligotrophic
waters and pointed out potential artifacts from oxygen dissolved in plastic incubators and
Rabouille (2009) benthic O, consumption. Also Pakhomova (2007), Aimroth (2009,2012),
Viktorsson (2013), Cathalot (2012), Caprais (2010), Noffke (2016), Niemisto (2018), Sommer
(2009,2016,2017) used the same type of optodes on autonomous landers to perform
sediment-water incubations on natural and fish farm affected sediments and with and without
the introduction of sediment resuspension. In Wesslander (2011) the dynamics and coupling
of carbon dioxide (COz) and oxygen weres investigated in coastal Baltic Sea waters and
McGillis (2011) described a novel method to assess the productivity of coral reefs using
boundary layer and enclosure methods. Champenois (2012) studied variations in community
metabolism rates of a Posidonia oceanica seagrass meadow by continuous measurements
of oxygen at three different levels during three years. Viktorsson (2012) used yearlong
oxygen measurements at several Gulf of Finland locations to calibrate a 3D model for
prediction of bottom water oxygen dynamics and the subsequent coupling of low oxygen
conditions to release of sediment bound phosphorous. In Atamanchuk (2014,2015A,2015B)
and Peeters (2016) pCO- optodes were described and used in parallel with O, optodes to
study biogeochemical processes in fjords, lakes and at Carbon Capture and Storage. Glud
(2016) studied nutrient turn-over and mineralization in a Scottish loch and Hamme (2015) O,
and N2 dynamics in the Saanich inlet.
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Testimonials of Aanderaa optode stability: Aanderaa oxygen optodes have been

used in numerous scientific studies published in peer-reviewed journals (see appendix 1
below for full references). Some of these studies focused on details in the performance of
the Aanderaa optodes (see references and citations above):

Joos et al (2003): "nitial field tests have shown exceptional sensitivity and excellent
stability (A. Kortzinger and D.W. R.Wallace, University of Kiel,unpublished data,
2002). The new technology seems well suited to deployment on long-term in-situ
moorings, profiling floats, and other autonomous platforms.”

Kortzinger et al (2004): “The initial results from the first six months of operation are
presented. Data are compared with a small hydrographic oxygen survey of the
deployment site. They are further examined for measurement quality, including
precision, accuracy, and drift aspects. The first 28 profiles obtained are of high
quality and show no detectable sensor drift.”

Nicholoson et al. (2008): “The optode sensor showed no sign of drift when
compared to Winkler measurements over the nine months of deployment. Seaglider
021, equipped with the same optode sensor, was stable from its initial February
deployment through the end of its second deployment in November, without requiring
any recalibration between deployments (data not shown). The optode on glider 020
showed similar stability over its shorter deployment.”

Jannasch et al. (2008): “Oxygen optode (Aanderaa, 3930). Similar to nitrate, oxygen
concentrations within estuaries can vary widely (0 to 400 uM O2). We have found the
optode to be resistant to fouling as previously suggested (Tengberg et al. 2006) and
to be extremely stable. Sensors were calibrated prior to deployment using the
factory-suggested, two-point calibration. There was no noticeable drift in instrument
accuracy before and after deployment”.

Hydes et al. (2009): “The optodes maintained good stability with no evidence of
instrumental drift during the course of a year. Over the observed concentration range
(230-330 mMm®) the optode data were approximately 2% low in both years. By
fitting the optode data to the Winkler data the median difference between the optode
and Winkler measurements is reduced to less than 1 mMm™= (0.3%) in both years.”
Comment: Measurements were done every 30 s. Sensors were operated one year at
a time, which equals more than 1 Million samples.

Johnson et al. (2010): “The oxygen sensor shows no evidence of drift, but it seems
to have a small accuracy bias (<10 umolll), as reported for earlier applications of
Aanderaa Optode sensors on profiling floats and gliders.” The deployment period
was more than 600 days.

Champenois and Borges (2012) “The comparison of O, measured by optodes and
by Winkler titration allowed us to determine the accuracy of O, measurements by
optodes, which was better than +2.0 mmol kg™. The accuracy was not significantly
different among the three O, optodes and remained stable during the study period.
The precision of O, measurements by the O, optodes was better than £0.1 mmol kg’
! based upon the standard deviation on the mean of 30 measurements during 30 s,
which is the standard configuration of measurements used.” Comment: The
deployment period was more than 1100 days. Sensors were logged hourly which
equals approximately 26,000 samples.

Johnson et al. (2015): “Aanderaa optode sensors for dissolved oxygen show
remarkable stability when deployed on profiling floats, but these sensors suffer from
poor calibration because of an apparent drift during storage (storage drift). Comment:
In this paper results from 47 floats were presented and methods for in air calibration
on Argo floats suggested.
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Appendix 1: Enter a foil adjustment into the sensor using Real-Time

Collector
Serially connect sensor to computer and power (one USB connector on the 3855 cable is to
give power, 5-14 V, to the sensor) and start Real-Time Collector. Please observe that the
quality of USB to Serial convertors is variable. Some work well and some are unreliable/do
not work at all. From investigations we have found that KEYSPAN convertors work reliably
on different computers with different operating systems.

{4 AAD1 Real-Time Collector . a x

File Taols Debug Help

Connection Port Status Smart sensor

Optods 3830 CoML Connection Details Statistics

Optode 4335 Coms Port Status Closed Records received 779
Smartguard 1P 10.10.10.10:61234 Connection Status Not connected Recards lost 2

RCH Blue #10 REM Blue (COM45) Wame coM3 Bytesreceived 1,87 MB
T R Baud Rate 9600 Bytes sent 57,22 KB
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cyclops ComM1

SeaGuardll UsE

Open Port | | Settings... Connection Logs... | Control Panel..
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FTP Server: Stopped

If you have no Aanderaa Smart Sensor connection established since before: press "New” in the lower left
corner.

Connection Sethings

Connection Name = Data Format

Connection Name Smart Sensor connection ® AADIReal-Time Format

Legacy AADI & Custom Data Formats
Port Settings €

Serial Port -
Port Name icom3 e l
Baud Rate 9600 - P =

Connect automatically on apphication startup

System Information Advanced Settings
Location Advanced Settings...
Geographical Position

Vertical Position

Owner

Reference
oK Cancel

On "Port Settings” select "Serial Port” from drop down menu. Select the correct baud rate (default is 9600 when
sensor is delivered) and the correct COM port (see Port mapping in Windows). Name the connection and use
AADI Real-Time Format. Then click "OK". 18 of 28
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RCH Elue serial conect COMS
Srmartguard Austawoll uUse
cyclops CoM1
SeaGuardll use
el e R | Open Port | W‘ | Connection Logs... | Control Panel...

FTP Server: Stopped

Connect any Aanderaa Smart Sensor (Pres/\Wave/Tide/Temp, Doppler Current/Temp, Doppler Current Profiling/
Temp, O2/Temp, pCO2/MTemp, Cond/Sal/Temp, Temp, Motus) to COM port and Power and press "Open Port”

[ aaD1 Real-Time Collector

File Tools Debug Halp

Connection

Opkode 3630

Opkode 4535
Srmartguard IP

RCH Blug #10

SMart Sensor

RCM Blua#1l

Smart quard India
RCM Blus no 19

RCH Blue nr 16
Smart sensor 2
Seaguard sn 2550
optode

Seaguard

RCH Blue seral
Smartguard Romantika
Seaguard nr 165
RCHM Blue serisl conect
Smartguard Austevoll
cyclops

SeaGuardll

Emart Sensor connection

Port

COoML

COMS
10.10.10.10:61234
RCM Blue (COMAE)
COM3

RCM Blue (COMAT)
oML

REM Blue (COM3E)
REM Blue (COM3S)
£0MS

COMS

oML

COMS

£0MS

usB

COMS

COME

usB

oML

Use

COM3

Status

(2]

Smart Sensor connection

Connection Details Statistics

Port Status Open Recordsreceived 24
Connection Status  Connected Records lost 1]

Name COM3 Bytesreceived 39,27 KB
Baud Rate S600 Bytes sent 84 bytes
Data Format AADI Real Time

Connected Clients 0

Device Information

| meset

Data Visualization

o 46484-21
Description  ‘Wave And Tide Sensor...

| Mare jnfo... '|ﬁduan:ed... -|

Notifications

There are no unread device notifications.

=14

Wiew All...

l Settings... ||Conned:nn].pgs... Control Panel...

Hew... || Remove |

FTP Server: Stopped
Established connection gives green light and shows which sensor is connected (many sensors and instruments
can be connected simultaneously, see list for some examples, we have connected, collected data and presented
results in real-time from +70 sensors ). Click "Control Panel” to enter the settings.
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m AADI Real-Time Collector - =2 %
File Tools Debug Help
Soanscion el |Status | | Smart Sensor connection
[ ]
Optode 3830 comt Connection Details Statistics
(]
Optade 4835 COMS Bort St n B ived 190
Smartguard | Control Panel - Smart Sensor connection = X o
RCMBlue #1 omy Recarder Panel |Ei Devies Configuration  Debug H 292,51 KB
Smart senso 423 bytes
RCM Blue#l] Recorder Status
smart guard]  Recording Refresh Status
RCM Blus ng Start time: N/A
L ation
RCM Blue nr |
Last recerd number: 436 (2015-09-22 07:09:35)
Smart senso J I ‘
Seaguard sn| Start Options LB
aptode (@ Start Mow
Seaguard () startDelayed [2015-08-22 ||| [07:07:85 2]
RCM Blus s8 -
wiew Al
Smariguard | TiInG |
Seaguard nr| (® Fxedinterval |2 sec -
RCM Blue s8f () Scripk -
Srmartguard
cyclops L Start Recorder Stop Recorder |#] Flash recorder nede if timing settings are changed
SeaGuardll
BRI g Control Panel...
8 Ready
FTP Server: Stopped

If sensor is running click "Stop Recorder” and then “Device Configuration™ in selection at top of opened window.

m AADIReal-Time Collector - =™ X

File Tools Debug Help

Connection Port | Siatus Smart Sensor connection

Optode 3830 comi ‘ Connection Details Statistics

Optode 4835 Ccoms 9y Part Stahic Nosn Rarnrdecacaived 258
Smartguard | Control Panel - Smart Sensar connection -2 X 1]
RCMBlue #1 oy Recorderpanel | |§ DeviceConfiguration |Debug d 396,04 K8
Smart senso 756 bytes

RCM Bluegy. Device Configuration
The device configuration contains all settings for the device, as well as for each connected

Smart guard | sensor., The settings are grouped into three categories.
RCM Blue no

[ Get Current Configuration... ] ¥ Include User Maintenance zation
RCM Blue nr i

Smart senso i | I
b

S Deployment Set — ew
optode 3 — User Maintenance
Mt st
— -
Seaguard Password: [u-q J -

senbee (o [ em | et

Smartguard ponmy  System Configu Jjation to file
Seaguard nr k" Edit... V Save.. | [4] Include optional attributes
RCM Blue se
Smartguard
cyclops < User Maintenance
SeaGuardil L I password protected
Smart Senso
New...

- Ready

FTP Server: Stopped |

If access to all settings is of interest tick "User Maintenance” click "Get Current Configuration” and fill out
Password which is 1000 for all sensors. Then click “Ok”.
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5 X

Connection
Optode 3830
Optode 4835

| Port | Status Smart Sensor connection
e Connection Details Statistics
COoMs Boct Stabus Dnen Recocder

ved 258

Smartguard | Control Panel - Smart Sensor connection F - R
RCM Blue #1 oy RecorderPanel | |f DeviceConfiguration | Debug
Smart senso|,
RCM Blue#1; Device Configuration
Smert d | The device configuration contains all settings for the device, as well as for each connected

mars oud | sensor. The settings are grouped into three categories.
RCM Blue no| - : T

| \ Get Current Configuration... ¥ Include User Maintenance
RCM Blue nr|
| The device configuration was last modified at 2015-09-22 07:14:56.

Smart senso|
Seauard s grm  Deployment Settings Syéteis sveryive
optode ) ————,

i @ Edit... j | View... |
Seaguard e
RCM Blue se |
Smartguard System Configuration Save configuration to file
Seaguard nr| @ Edit... “ 9 | Save.. ¥ Include optional attributes
RCM Blue se ' '
Smartguard
cyclops | — User e
SeaGuardll @ Edit... ‘ Password protected.
Smart s.«#

ew i

LA Ready

]
403,89 K8
1,22 KB

5]

b...| [ Control panel...

FTP Server: Stopped

To access most common settings click "System Configuration™ (normally enough). For more advanced settings
click "User Maintenance” (caution in changing things here).

Fide Tools Debug Melp

Connection
Optode 3830
Optode 4835
Smartguard
RCM Blye 23
Smart senso
RCM Blues1:
Smart guard
RCM Blue no
RCM Blue nr
Smart senso
Seaguard sn
optode
Seaguard
RCM Blue se
Smartguard
Seaguard nr
RCM Blue se
Smartguard
cydops
SeaGuardi]
Smart Senso

New.,.

B st | | Smart Sensor connection
Com Connection Details Statistics
COms Poct Sratus Noen Rarncdsraceived 253
-8 X 0
BB Recorder Pans | DeviceConfiguration Debug d 403,85 KB
1,228
Device Configuration
The device configur;
sensor. The settngd System Configuration
Gttwcu‘ Wave And Tide Sensor 221
T Wave And Tide Sensor (46434, Version 8)
The device canfigur] 5 ! No: 21 @I
[l DOeploys | @ Mode AADI Real-Time vial -
nable Sleep AICaP
ﬁ o s Srmart Sensor Terminal
Y o Smmart Sensor Terrrunal FW2
Property Value W All...
System -
e @ Ensble Polled Mode 0
e © Enable Text =) |
@ Enable Decrmalformat =
|
— User Mé  Measurement {
! Ede. Property Value
© Enable High Sample Rate = e
@ Enable Temperature =
© Enable Rawdata G}
Santy © Enable Tide 0 o B
@ Tidal Averags Penod 40 & v FTP Server: Stopped
© Enable Wave O
© Number of Samole 1024 v -
< Back lﬁiqn > J Cancel

Access to needed deployment settings in "System Configuration” (normally enough). AADI Real-Time (xml) to be
used with RT-Collector, Smart Sensor Terminal (ASCII) with standard terminal program. AiCaP is a CAN bus
based protocol which is used for plug-and-play connection to Aanderaa instruments (e.g. SeaGuard, SmartGuard)
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Fle Tools Debug Help

rce BB RecorderPanel

'{ DeviceConfiguration

Connection Port Status
Optode 3830 com

Optode 4835 COMS

Smartguard 1P 10.10.10.10:61234

prpam R AT

S

Debug

Connection Details
Port Status

Connection Status  Connected

Smart sensor

Statistics
Open
Records lost

-a %X |9

Records received

35

0

124,03 x8
5,56 KB

User Me

@ NomAirdx (hWa)

© CalDatasat (Deg)

© CalDatadPross (hPa)
@ CalDataZero (Deg)

r

2094600801
2.7013358+401;2,7260602¢401
1.013250€+0)
6.1749318+401;2.190072¢+01

S™ Device Configuration
RCN  The device configur
Ren  senser The setbings
Smi GetCurrentCon | Optode Sensor 43302591
0 s 4330, V. B
Seal Thedeven configws| 09008 Sensar (4330, Version 6) 0,
oprc " —— -
S Trone 1523
Ses =~ Daploye - =
© FoilCosfa “3.604768€-06; -6 B4IE5IE-06..,
RCA Ede..
@ FoilCoefo <7 9M025E-07;3.792412E40).., wew Al
Sm © FoilolyDagT 1,0,0;01,2,0;1;2:310;1,2:9; .
s
_:: System @ FoilPolyDegO asanunnnaLuLL.L. | | .
@ ™ © SVUFoiiCoe! 1.000000€+00,1.000000£+00.,. | Edt Array Data
L -
@ ConcCoef 2 01 00
L] Index
© NomAirPress (hPa) 1.013250€+0)
o

1

Sample Settings

Property
© Enable RedReference
© RedReference Interval

| Value
0.2
1.082

In some cases user maintenance is useful, consult manual before changing settings. The example shows a drift
adjustment of a two-point calibrated oxygen optode that read 5.2 % to low at 100 % air saturation (air-bubbled
water, 1013 hPa air-pressure) and 0.2 uM to high at 0 oxygen. The ConcCoef is adjusted (double click to edit) so
that 0.2 uM is subtracted from incoming values and then they are multiplied with 1.052 (+5.2 %).

m.-!-'-.r.‘lﬂ.ral-Tlmr Collector

File Tools Debug Help

Smart senso

Seaguard sn| Start Options
optode ® Start Now
sl‘lﬂllll‘d Start Dalayed | i
RCM Blus #8
Smartguard Yiming
Seaguard nr| ® Fixedinterval
RCM Blus se Seript
Smartguard
eyelops | startRecarder |
SeaGuardl]
Smart Smﬂ*

|
I New... | —

W Flash recorder node if iming settings are changed

Sonnection hart <L) Smart Sensor connection

©ptode 3830 ComML Connection Details Statistics

Ontode 4835 COMS Bort Statuc finen Racordecacajved 258

Smartguard | Control Panel - Smart Sensor connection - = X 0

RCMBIue #1 by Recorder Panel | | Device Configuration  Debug i 403,89 KB
Smart sengo 1,22 KB

RCM Bluegl] RecorderStatus

Smart guard| Stopped Befresh Status

RCM Blug no|

RCM Blue nr e

" @

| iow all..

FTP Server: Stopped

When finished go to “Recorder Panel” and select the “Fixed interval” that you want and then “Start Recorder”.
Then close menu to go back to main menu.
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IN ). AAD] Raal-Time Colector =t - W0 1
ﬂ(mu-n)m;ml[mu-u)hnoermo/(mv&olm -2 X
[===[4648A-21] Pressure [—— [46484-21] Tomperalure = ICTOVS-0) Dept | .
10015 + ~235 <0114 nsor connection
Petails Statistics
42 Open Recordsreceived 349
. Ea Nt |
100,145 ?'\/w \/ Bk 0418 ptus  Connected Records lost 0
128 g CON3 Bytesreceved 543,07 KB
- a 7
i 100,14 12 e 0115 E 9600 Byles sent 1,75%8
g 5 g AADIRealTime [ Reset |
2
£ wons 18 floyed o
E mation Data Visualization
i * X - - . (
4648421
100,13 1205 0116 Wave And Tide Sensor ‘:” ﬁ 0
| Advanced... +|
100,128 - 20 Q117
s s nread device natifications, [ yewa,, J
Timestamp
Series Last Valuo  Max Min Aversge Std Dev CTD Virtual Sensor
Pressure (kPa) 100.147 100,349 100.142 100,148 1.456£-00) AvProssure (kPa) 1010
Tomperature [Deg<) 22840 22840 nm 22,005 20048002 Latinde 0
Depth [m) 0,118 0.11% Q118 0.11% 14408004 | Setings...
pet Settings... | | Connection Legs... | | Control Banel... |
Mew.. || Bemove

FIP Serveri Stopped

If sensor is set to "“AADI Real-Time” (see above) go to main menu and select most suitable option for “Data
Visualization” (Graph or Table). If Graph select what parameters to be presented. Right click on graph to enter
into graph settings.

J Ccnnection Settings [ h
# ~ap1Real-Time Col - = x |
Connection Name Data Format
File Tosls Debug H
Connecton Name O connection # AADI Real-Time Format
Connection ) Legacy AAD]T & Customn Diata Formats
Optode 3830 Port Settings Choose alegacy AADI dataformat or a
Serial Port E” custom defined data format. The format
Optode 4835 must be configured before use. By
Smartguard 1P Part Name |COM3 EI AADI Deck Unit 3127 |;]
RCH Blue #10 Baud Rate G600 :I Configure. .. H3,08 KB
Srmart sansor - 75 K
|0 Connect automatically on application startup 5 KB
RCHM Blue#ll

Smart guard India
RCHM Blue no 19
RCH Blue nr 16
Smart sansor 2
Seaguard sn 2550
optoda

Seaguard

RCM Blue serial
Smartguard Ramant
Seaguard nr 165
RCM Blue serial cond
Smartguard Austevo
cyclops

SeaGuardll

System Information
Location

Geographical Position

Crwnar

Reference

|
|
Vertical Pasition |
i
|

Advanced Settings

i Advanced Settings...

9

[ yijew All... J

| o

J| gancel |

Open Port

| [:nnmdinnj.pga...] | contrel panel... |

[ MNew... “ Remove |

FTF Server: Stopped

To log data in xmi or txt close communication "Close Port™ and click on “Settings”. Select "Advanced Settings”.
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& AROIReat-Time Coll - = x
Connection Name Data Format
File Tools Debug * e -~

A aa 4C Settings
sSennection pl SerisiPont
Optode 3830 ; Al ¥ Collect data to file
owotesozs | S - "
Smartguard 1P File Output Basedirectory \\vmware-host\Shared Folderf\Doeum-] |
RCM Blue 210 |

8 Socket Distribution The datafiles are automatically placedin a subdirectory 143,08 KB
Smart sensor | with the same name as the connection. L7S K8
RCM Blue#11 & Archive XML cutput files to 2ip file
Smart guard India File count  [S0 [
RCM Blue no 19 Dats AutoRecover
RCM Blue nr 16 £l Continuously store the last message in a single file =
Smart sensor 2 are-host\Shared Folders\Documi g l
Seaguard sn 2550 S=ERE = } -

Smart Sensor connection.xmi {
optode - h
Add reference to XSLT stylesheet
Seaguard = S ] =
RCM Blue senial q Ralh | Cwi
The e be relative. Mssokde or s | View All...

Smartguard Romantil G & path can be relative, absolute or 8 URL — I
Seaguard nr 165 Default... j l oK ] Lancel I | apply |
RCM Blue senal cone

Owner
Smartguard Austevo
cyclops Reference oK Cancel |
SeaGuardil

- ‘.
Smart Sensor connection com3 | | . gpenport 5,@,,9,_,, f Connection Logs...| | Contral panel...
New... || Remove
FTP Server: Stopped

In “"Advanced Connection Settings™ select “File Output” click "Collect data to file" and select File Format (xml or
txt) and location. The name of the stored file will be the same as the name of the connection. Click "Apply” + "OK".
Then open the port again, incoming data will be stored to the specified file.
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Appendix 2: Enter a foil adjustment into the sensor using terminal

software
Different types of freely available software exist to communicate and change settings in
sensors that use serial communication. One example is Tera Term. Below you will find step
by step how to enter, communicate and change settings of Aanderaa smart sensors using
the Tera Term software. For another terminal software the procedures should be similar.

Serially connect sensor to computer and power (one USB on 3855 cable is to power the
sensor with 5-14 V) and Start Tera Term. Please observe that the quality of USB to Serial
convertors is variable. Some work well and some are unreliable/do not work at all. From
investigations we have found that KEYSPAN convertors work reliably on different computers
with different operating systems.

2 =
™ Tera Term - [disconnected] ¥T

Eqit

Tera Term: New connection

OTCPIP
History {
Service:  Telnet SLidusizlte

SSH SSH version: SSH2

Other —
Protocol: UNSPEC

© Serial 12 1A COM3: Keyspan USB Serial Port [CO V‘

| ok | | cancet | | Hep |

Select "Serial Port” and the correct COM port (see Port mapping in Windows). Then click "OK".
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[

COM3: 9600baud - Tera Term VI

Tera Term: Serial port selup

Part: [coms B3 -“ 2
Baud rate: |BBIJD v:

Data: 8 bit v

Parity: [nane v

Stop: 1 bit v Help

Flow control: Honfxoff v

Transmit delay

EI msecfchar ZI mseclline

Select "Serial Port” under "Setup” and set up the COM port as shown above. The default setting of the smart
sensors when delivered is a Baud rate of 9600. Click "OK".

™ COM3:9600baud - Tera Term VT
Fie Edit etup ontrod  Window  Hel

Tera Term: Terminal setup

Terminal size New-line
¥ |24 Receive: | CA4LF
Term size = win size Transmit: |¢n,|_|.- v
Auto window resize
Terminal ID: V100 [ Local echa -
Answerback: | | [ Auto switch VT<->TEK)

W

Select “Terminal” under "Setup” and set up with Carriage Return (CR) + Line Feed (LF) and Local echo as shown
above. Click " OK™.

¥ COM3:9600baud - Tera Term V1

Fie Edit Setup Contral Window Help

-~
ttsrlq:lnl'u 30 ' Hode  MICsP CANID  Dw1B0EF90D RiCaP Version D RE232 Protocol Varsion 3 Comfig Yarsion 6
Trying to connect fo CARbus netuork
1

bt

Dis-connect and Re-connect power. The sensor will tell you in which output mode it is set-up (the options are:
AiCap, Smart Sensor Terminal, AADI Real-Time, Analog Output). You can type “help” or consult manual to see
available commands/settings. You can type “get all” to see all coefficients and settings of the connected sensor.
The commands are not case sensitive but you must respect if there isfis not a space in-between characters.
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™ COM3:9600baud - Tera Term VT
File Edit Setup Control ‘“Window Help

set passkewl(10000 | ~

=et nodelshart sensor terninall

e

Change the output to serial communication (with text) by typing the following commands: 1. set passkey(1000) +
CR (Carriage Return) < wait for return of #, 2. set mode(smart sensor terminal) + CR < wait for return of #; 3.
save + CR < wait for return of #; type reset or disconnect and reconnect power. The sensor will start presenting
data at the pre-set interval.

L CONY 9600bawd - Tera Term VI « B

Pl [t Sebp Cortrdl Wrdw bl

y— Wy EY

:(ml((ﬂ ag W K oncunt rat ol ) 62,504 Hurfatorat el LM Tepersturnileg L1 N Calfacelleg) 330 Wil 3,07 CEDg! ERL - Lm o ikl VEL gl A Relepin

(l(lli(;'ﬁ ae W Concent rut sonl o) 22,904 burSaterat il 1) MWLM Togerstaraileg L] MEN Calfacelleg] .30 Wfllegd  2.07 CSDeg) K6 (i) Lm o Gl ME2 Covglel] T Radepls

] E X

il as wm CCncand ot sond ) BN birtateret bell) 1154 Terguraturallig L1 XN CalPuceileg) HNS Wil 3.7 (D) 0 gl LI kgl WED gl ™S5 Ralepin

p

:uun!ﬂ Ol B Wlencetrwtonbdll  N2.088 Rirfeterat el 1134 Tugersturalieg. L] EN Gftacelleg) M5 Wacellegd 39,08 (3NDeg! 5.0 g .07 Gkl DET gl .S Ralepin
)

:lu.nnl ¥ W ewetrataaldt] 30,59 Nirfuteret kel2) MLIUA Twgersturalling t] 2050 Caftaeileg) BN Eiacellegd .00 CEMIDG) K06 CEMMgl 2R Civglel WES Comglet] M2 Ralepla

poestsT @ Bt WCowetrtioaldtl 3,1 SirSateret eld) ML TwgerstuwiBeg t] LU Calftacelleg] MLND Wiacelleg) 8,07 (D]  %0Q Cimidgl 220 Cikglw) WAL Covplet] ML Releple

3 .2

Pty AR W WCancent rut sond ) b | v

The example above is for oxygen measurements with full text including raw data

¥ COM3:9600baud - Tera Term VT

File Edit Setup Contral Window Help

4330 591 263,458 101,344 24.5%7 -
4330 541 262.095 101.015 24.681
4330 591 262,425 101.140 24.680
4330 581 262,220 101.059 24.679
4330 591 262.520 101,175 24.679
4330 591 262.298 101.000 24.679
4330 501 262,362 101,111 24.677
4330 591 262,452 101.143 24.676
9330 561 262,515 101.170 24.677
9330 591 262,509 101,170 24.679 |

M330 591 262.378 101.118 24.678 ol

The example above is for oxygen measurements (Oxygen in UM, Oxygen in % saturation and Temperature), with
the text removed and without raw data. To change to this type of text string type the following commands: 1. set
passkey(1000) + CR (Carriage Return) < wait for return of #; 2. set enable text(no) + CR =» wait for return of #;
3. set enable rawdata(no) + CR < wait for retumn of #; 4. save + CR = wait for return of #; type reset or
disconnect and reconnect power. The sensor will start presenting data at the pre-set interval.
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The example above shows a drift adjustment calculation using an Excel sheet available from Aanderaa of a two-
point calibrated oxygen optode that read 3.4 % to low at 98.2 % air saturation (air-bubbled water, 995 hPa air-
pressure) and 0.2 uM to high at 0 oxygen. The ConcCoef is adjusted so that -0.2 uM (ConCoef;) is subtracted
from incoming values and then they are then multiplied with 1.0339 (+3.4 %, ConcCoef,).

™ COM3:9600baud - Tera Term VT
File Edit

Setup  Control Window Help

S91  240.809 92.246 24.353 A
Tera Term: Log =
93 591 240,799 92,244 24.354 .
. i ' ; 2 o (M.
T LEor IDalNr et T e Sparai: | ) Calib Text Files, Mkl el 2=
591 240,633 92.260 24.356 SHlog exanple () ki, set ensble raw datatyes) )
[Z) MKI CAN bus set [Z) MK11, set enable text(no) &
591 240.793 92.247 24.357 [£) MKI RS232 set [E) MKIL, set enable text(yes)
591  240.810 92,056 24,358 () MKiT RS232 set () mki, StartSsec
[) MKIT CAN bus set [%) M1, Start30sec
1 240.7% R.24 24.%1 [) Mki1, set enable raw data(no) [%] mk11, Start600sec =)
v
. (<] il || >
N o =

S Finarnn; [Sensudatal I [ Spaa |

Fiformat: | All"") v [ Ay |

Plain text

“Option”. If Timestamp is crossed off the time will be taken from the computer.
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