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Unisense Eddy Covariance System

- a technical note

Solving signal synchronization,
noise and data handling

Introduction

Over the years the Eddy Covariance (EC) technique has been
developed and refined, both in terms of instrumentation and post
data acquisition analysis. Recently there has been an increase

in interest for being able to use different sensor technologies,
electrochemical and optical, each with their own set

of advantages and disadvantages. Unisense has been following

the scientific community in this development and are now offering a
system that will mitigate the need to build EC systems in the individual
research groups.

This technical note will go through some of the difficulties related to
getting high quality data from long term deployments with multiple
sensor technologies and what we have done to address them.
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Figure 1. Data set showing the 10 kHz signal from the Clark type
sensor together with the 64 Hz sync signal form the vector. The
reported 64 Hz sensor signal is an average of the 10 kHz data
points between the start of two sync signals. The avarage is
reported at the beginning of the first sync signall.
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Time/signal synchronization

When using a Clark type sensor, getting the signal sampling
synchronised with the Nortek vectors 64 Hz velocity signal is not a
trivial task. In the Unisense EC system the continuous signal from the
sensor is sampled with a 10 kHz frequency. This needs to be logged at
the same time as a velocity signal from the vector is logged. This we
accomplish by letting the vector control the datalogging with a Sync
signal out and then converting the analogue signals to digital signals
with a 16 bit resolution with oversampling.

The result is that the analogue signals are stored every time a syncing
signal from the vector is received with a é4 Hz frequency which
provides a data set that samples well below the response time of the
sensors. This is shown in Figure 1.
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Figure 2: In this figure the 64 Hz signal received from the Vector is
visualized as the red line, the 8 Hz (could also be 4 Hz and 16 Hz)
signal triggering the Field microOptode Meter is the purple line
and the received light pulse from the optode is the black line.
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https://unisense.com/products/n2o-microsensor/
https://unisense.com/products/electric-potential-microelectrode/
https://unisense.com/products/no-microsensor/

Adding the optical sensors is not trivial either since the readout of the
optodes must be conducted at the same time as the sync signal is
received from the vector. Since flashing the optode with a é4 Hz rate
will not be possible due to a rapid bleaching of the sensor dye, the
flash rate needs to be slower. By letting the flashing of the optode
also be controlled by the sync signal from the vector and then collect
data at either 4, 8 or 16 Hz (sub divisions of 64) we can still sample fast
enough in terms of the sensor response time and not wear out the
optode too fast. This is illustrated in Figure 2.

The flashing frequency of the optode can be adjusted before
deployment. This allows the system to use both types of sensors with
similar results — this is illustrated in Figure 3.
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Figure 3: Oxygen concentration variations during the
deployment as measured with both a Clark Type sensor and
an optical sensor mounted next to each other (see Figure 4).

Figure 4: Unisense fast responding sensors mounted
next to each other and the ADV measuring volume.
Optode to the left, Clark type to the right.

System and Signal noise

A sensor signal with electronically introduced noise will interfere with
the calculated fluxes. This noise on the sensor signal can come from
multiple sources, mainly from the other electronic components in the
system. While standard filtering techniques can get rid of most of this
noise, we have developed our own solution to this problem. We have
implemented a unique signal handling mechanism, that will get the
noise level down to ~0,01 pA on the sensor signal. For our standard in
situ amplifier this is normally around 0,1 pA. The difference and size of
the noise level can be seen in Figure 5.
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Figure 5: Noise levels on a 100 pA signal from an Unisense Eddy
in situ amplifier (red) compared to a standard Unisense in situ
amplifier.

Eliminating the noise will remove a significant source of data
artefacts. The low noise floor on the EC in situ amplifiers together with
the very high sampling rate allows you to focus on the oxygen fluxes
and concentrations and not on system noise.
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Figure 6: Oxygen data as presented in SensorTrace Suite logger

Data storage

All data is stored on our datalogger. The datalogger has enough The EddyFlux tool also allows for establishing the time lag between
internal storage to allow for deployments lasting multiple days. The an eddy measured in the ADV detection volume and until it reaches
longest possible deployment is determined by the number of extra the sensor. It can also be configured to a user specific window for
batteries that is added to the system. The datalogger itself will run running averages and linear detrending oxygen concentration

for ~20h on the internal battery, while each extra battery will add calculations.

an additional ~40h. Throughout these long deployments all data is
perfectly synchronised and does not contain phase shift artefacts.

Data handling

All data handling actions are now initiated via the SensorTrace

Suite Logger. This includes pre-deployment calibrations and post-
deployment visualisation. With this workflow it is easy to perform
multiple calibrations and apply these to the relevant datasets. You
can also choose between different temperature probes for automatic
temperature compensations of the optical sensors. If the system is
deployed with a communication cable, all data from all sensors will

be available for live inspection. i - ey
e N - g -“l--

After the deployment, you can download the complete data set

from the datalogger and then apply calibrations and temperature Additional sensor

compensation before you export it to CSV files for further data

treatment, either in the supplied EddyFlux tool or in your own scripts/ Besides the typical oxygen sensors, we can also offer a fast
programs. responding H,S sensor. We designed the system to accommodate

other types of sensors, i.e. conductivity sensor from PME. If you want
to add another sensor, just let us know and we will do our best to fit it
onto the EC system.
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Additional uses

The Unisense Eddy Covariance System's core unit, the Field
Datalogger, can be used for two other flux measuring techniques in
addition to the EC technique. It will also function as the core unit in
the MP4/8 MiniProfiling system and as the core unit in the Chamber
Lander system - thus allowing for complementary data sets of flux
measurements with one core unit.

Our goal

Our goal with this system is to provide the best possible data set
for further data analysis, without a labour-intensive development
phase, making sure that you have the freedom to use different
configurations to suit your needs, both in shallow and deep sea
application now and in the future. Thus, reducing the time from
scientific idea to publication.

Version: August 2024

Suggested products
. OX-Eddy, OP-430 Fast
OX-EDDY AMP, Field Microoptode Meter

Eddy Covariance System w. frame and
Nortek ADV

SensorTrace Suite incl. Berg EddyFlux
software
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