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THE LAST (ACTIVE) PERSON STANDING
The Forgotten Art of Active Supervisory and Its Relevance to SDM

BY STUART BARNES
INTRODUCTION

Supervisory is a fundamental necessity for long haul
amplified submarine links. Its primary application is for
fault location in the event of a failure in the system, where
it is imperative to both identify the location of the fault and
give some indication of its nature. Since optically amplified
links were introduced there have been two basic types of
supervisory, passive and active.
Passive supervisory is akin to an optical version of sonar.
A “ping” is sent along the system and at each repeater a

small portion of the signal is carried back to the source via
a high loss loopback optical path between the forwards
and backwards directions. Through this and some clever
analysis it is possible to deduce both the repeater position
and an estimation of the attenuation. This is often adequate
for fault finding, but the information is limited, especially
when compared to active supervisory.

HOW IS ACTIVE SUPERVISORY IMPLEMENTED?

Feedback can be provided from most devices in today’s
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Figure 1 High loss feedback schematic

repeaters. Pumps
have multiple
feedback features. In
addition, anything
that senses a physical phenomenon can
be inserted into a
repeater and in addition to the telemetry
from the pumps we
can record the following data: pressure, humidity, temperature and angular momentum from internal accelerometers.
The key is to find a method for carrying this information
back to land where it can be processed and interpolated.
Xtera, for example, uses a Sub Carrier Modulation methodology wherein the information is impressed on the traffic
signal at a much lower frequency, typically in the MHz
range. In doing so sufficient telemetry information is fed
back to the shore with minimal impact on the traffic load.

In theory any sensor can be put in a repeater housing
and used to feed data back to dry land, but the ability to do
so can be tempered by space and power considerations. It is
also important to avoid anything that can be construed to
impact the main function of the repeater.
Xtera have chosen to measure the following additional
aspects and we briefly discuss their relevance to the primary
goal below.

WHAT DO WE MEASURE?

MOTION

HEALTH OF THE AMPLIFIERS

Clearly the primary piece of information is the health of
the amplifier itself. Amplifier degradation could impact an
entire fibre pair, with the associated financial consequences
such as loss of revenue, marine repair, etc. So, in addition to
building in redundancy, immensely reliable optical pumps
are chosen for submarine systems. Xtera’s 980nm pumps
have a FIT rate of ~5 FIT’s and their 14XXnm pumps are
even more reliable at circa 1FIT for example.
The pumps are packaged and their drive circuitry enables
direct access to a multiplicity of valuable data, temperatures,
current, voltage and power. In addition, at the amplifier
level active supervisory can determine output power, gain
and tilt.

ADDITIONAL ASPECTS

Xtera inserted accelerometers into the repeater housing
to record motion during the early qualification activities
(terrestrial testing and sea trials) and fully intended to remove them for the subsequent production units. However,
during the sea trials two things became apparent. Firstly, we
could view and record how the repeater was positioned on
the seabed, and any suspensions that may occur. Secondly,
and perhaps of greater value in today’s security conscious
world, we could detect any external tampering.
The figure below shows that the repeater could detect
movement in the cable a full two hours before it was lifted
from the sea floor. Which is especially impressive considering these were still only in-production units.

HUMIDITY

It is general practice to control the environment in the

Figure 2 Image of multiple Xtera subsea amplifiers

28

SUBMARINE TELECOMS MAGAZINE

repeater from day one to ensure that the best conditions are
maintained for the components within. This is achieved by
inserting both hydrogen and water getters, these act partly
in tandem. We cannot realistically measure hydrogen, but it
is relatively easy to measure moisture. We recently looked at
a system that had been in service five years and the relative
humidity within the repeaters had not increased, which
demonstrates that the conditions are being well maintained.

TEMPERATURE

Thermal management was of particular interest at the
design stage, and Titanium (used for the housing) was
a new material for many of the team, who had extensive
knowledge of steel - some 40 years in my
case! It has inferior thermal conductivity
to steel but superior specific strength. In
addition to the temperature feedback from
the pumps – the main source of heat – we
located other temperature sensors elsewhere in the repeater to check heat flows
generally. Since the qualification exercises
and initial deployments we have concluded that Titanium is an excellent material
and that probably we have a few too many
temperature sensors in our product!

sitting in deep water at 2.5 degrees C, with components
sitting in low moisture (see above) and no hydrogen. Like
other suppliers we have erred to the very pessimistic.
However, through supervisory we get had access to the
Zener Voltage changes recorded since our earlier systems
were installed and are still seeing no measurable ageing. The
question that needs to be addressed is “How pessimistic”?
If majorly so, we are throwing away power that could be
used for more channels or not used at all. It is likely that
the ageing will have an exponential (hockey ship) profile
eventually. But if this kicks in after 25 years so what? This
vital information will allow us to roll out more eco-friendly
products in future.

PRESSURE

This is an interesting point, again, as we
considered removing this measurement
method after completing the qualification work, but we found it very useful for
guaranteeing that repeaters have been
correctly sealed.
How is this done you may ask? There is
Figure 3 Repeater axial acceleration over time recorded during sea trial recovery operation
a slight, but measurable increase in pressure as the final bulkhead is pushed into place, and if this
persists, we can conclusively say that repeater is leak free
WHAT IS THE RELEVANCE TO SPATIAL DIVISION MULTIPLEXING?
from both a hydrostatic and gaseous perspective. We believe
The set-up time for each fibre pair in a digital line secthis is a unique feature of Xtera’s repeaters.
tion is essentially the same. Therefore, the overall time for
setting up a new cable will be linear, scaling with the number of fibre pairs. This hasn’t been a big deal in systems to
ZENER POWER
date which contain a few fibre pairs, but now as cables grow
It is standard practice to use Zener Diodes or similar
beyond 16 fibre pairs a radical solution may be needed. We
solutions to compensate for ageing of electronic compohave shown, firstly with Direct Detection WDM systems,
nents in repeaters. The initial projections of component
and particularly now with Coherent Technologies, that
ageing are based on analysis of the extensive amount of
being able to set up a system in situ is much easier when
data that is now available for the components within a reaided by intimate knowledge of each repeater. Setting up all
peater. These tend to be on the pessimistic side as the data,
the parameters in the factory, prior to marine operations is
though comprehensive, has been derived from aggressive
not ideal as the conditions are not reflective of an installed
tests in demanding environments. Here we have a repeater
MAY 2021 | ISSUE 118

29

FEATURE
system. In fact, recently, despite
having carried out a marine survey, we were a little surprised by
the sea bottom temperature of
one repeater during the marine
installation works. Furthermore,
it is not easy to re-optimise the
system after a marine repair
without intimate knowledge of
the repeaters performance after
the repair.
What could the future hold
for this technology? In the days
of direct detection techniques
system engineers could use a
combination of experience and
expertise to set up a WDM
system. Not so with Coherent,
which is considerably more
complex to set up. There is
access to a few “buttons” but
mostly the transponders self-optimise to the line. But this then
makes it attractive to setting up the line automatically in
conjunction with an actively supervised system.
In a paper presented at SubOptic 20191 Xtera showed
how AI technology, in this case a relatively simple neural
network using machine learning, could optimise amplifier
settings better than an experienced engineer, and suggested
that a somewhat more complex scheme could be applied to
a line of amplifiers. The attraction of this type of scheme is
that after a number of repairs for example, it’s likely that
the entire system gain will be tilted due to changes in input
levels and adjusting for such changes is far from simple.
However, with the information that can be obtained from
active supervisory, the neural network can make the changes, and do so more rapidly and accurately than would be
possible with a manual approach – particularly one which
has limited data regarding optical levels along the line.
So, SDM equals more fibres and more fibres equals more
time to set up a system. AI has a role to resolve this in
the future and requires active supervisory functionality to
achieve this goal.

FINAL THOUGHTS

There are few active components in a modern repeater
from a functional point of view. These are highly reliable, as
evidenced by the reliability of pumps. This translates into
very few repeaters failing over recent years after a spate
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during the early years of optical amplification. With SDM
systems, the main concerns are probably soft failures, tilt
reducing bandwidth due to external factors, lack of design
bandwidth due to inadequate system testing on installation.
Active supervisory could play a useful role in both identifying and eliminating these giving a significant and on-going
value-add, at a minimal up-front cost. STF
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