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Achieving high levels of signalling 
system availability – is there a role 
for secondary systems?

Rail Operators are driving the 
signalling industry to take a more 
holistic view of rail transportation 
operations with signalling solutions 
that recognise not only the 
importance of achieving high levels 
of signalling system safety but also 
high levels of signalling system 
availability. They are looking to 
the signalling industry to provide 
solutions that not only exhibit ‘fail-
safe’ characteristics but that also 
support degraded modes of working 
following equipment failures.

Meeting this challenge requires 
solutions that:

1) Reduce the number and frequency 
of service-affecting failures in the 
primary signalling system;

2) Reduce the time required to recover 
from service-affecting failures in the 
primary signalling system; and

3) Provide independent means to 
continue to move trains, in a 
degraded mode, pending recovery 
from service-affecting failures of 
the primary signalling system. In this 
article, such independent means 
will be described as secondary 
systems. Other terms that have been 
used to describe such secondary 
systems include ‘auxiliary wayside 
systems’, ‘fall-back systems’, ‘back-
up systems’, and ‘degraded mode of 
working’ systems.

Primary signalling system
The primary signalling system is defined 
as the fail-safe system designed to 
deliver the primary mission of moving 
trains safely and reliably from origin to 
destination. This could be a conventional 
wayside signal system (with or without 

enforcement), a cab-signalling system 
(providing automatic train protection 
(ATP) and automatic train operation (ATO) 
functions), a CBTC system, or an ETCS 
system (at various levels). 

A generic signalling system solution 
would comprise the following elements 
of equipment that:

 ∞ Determines train location (which 
could be track-based, or train-based).

 ∞ Establishes and protects a ‘safe route’ 
for a train, such as interlockings and 
other wayside signalling equipment 
(typically located at trackside, in 
signal equipment rooms, or at central 
office locations).

 ∞ Establishes movement authority limits 
for individual trains, based on train 
locations and route status.

 ∞ Provides movement authority 
enforcement and other safety-related 
or operations-related functions 
(which could be track-based, or 
train-based, or a combination 
of both track-based and train-
based equipment).

 ∞ Provides control and supervision 
functions at the central office. 

 ∞ Links the various components of 
the signalling system using data 
communications.

 ∞ Powers all wayside, train-borne and 
central office equipment.

Secondary systems
The different terminology used to 
describe secondary systems can, 
unfortunately, create some confusion 
and misunderstandings as to the true 
purpose and intent of these systems. In 
this article, the following different ‘grades’ 
of secondary systems (GoSS) are defined.

GoSS 0: At the lowest grade there are 
no secondary systems, and degraded 
mode working following a service-
affecting failure of the primary signalling 
system is managed solely through strict 
compliance with operating procedures, 
with control centre personnel responsible 
for issuing verbal movement authorities, 
and train operators responsible for 
complying with these verbal movement 
authorities. The primary signalling 
system would typically include facilities 
to override the ‘fail-safe’ signalling 
protection in order to move trains 
following a failure of the primary 
signalling system.

GoSS 1: At the next grade, degraded 
mode working following a service-
affecting failure of the primary signalling 
system is still managed through strict 
compliance with operating procedures, 
however non-vital secondary systems 
are provided to assist control centre 
personnel in issuing verbal movement 
authorities and/or to assist the train 
operator in complying with these verbal 
movement authorities. The intent of such 
systems is to reduce the risk of human 
error, and to reduce the operational 
impact of the primary signalling 
system failure.

GoSS 2: At this grade, secondary systems 
begin to duplicate certain safety functions 
performed by the primary signalling 
system but do not provide the same 
level of safety protection as the primary 
system. Specifically, a GoSS 2 solution 
would include an independent and 
vital secondary means of train location 
determination. The intent of such 
systems is to reduce, but not eliminate, 
reliance on operating procedures during 
degraded mode working. 
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GoSS 3: In addition to a vital secondary 
means of train location determination, at 
this grade secondary systems would also 
provide an independent vital means for 
establishing movement authorities (MAs).

GoSS 4: At the highest grade vital 
secondary systems would provide 
the same level of safety protection 
as the primary signalling system by 
independently establishing train location, 
creating movement authorities, and 
enforcing movement authorities for trains 
that are not protected by the primary 
signalling system. Such secondary 
systems are essentially an alternative 
signalling system. The intent of such 
systems is to provide an equivalent level 
of safety for degraded mode working 
as would be provided during normal 
operations. A GoSS 4 solution is also 
required if there is a need to support 
‘mixed mode’ operations i.e. when there 
are some trains operating on the line that 
are protected by the primary signalling 
system, and other trains operating on the 
line that are not protected by the primary 
signalling system and therefore have to 
be protected by secondary systems.

Clearly, the higher the ‘GoSS’, the more 
complex the signalling solution.

The extent to which secondary systems 
are required to continue to move trains 
in a degraded mode pending recovery 
from service-affecting failures of the 
primary signalling system, should be 
fundamentally driven by the:

a) Frequency and operational 
consequences of service-
affecting failures in the primary 
signalling system. 

b) Time required to recover 
from such failures.

Clearly, if the primary signalling rarely 
failed, if the operational impacts were 
minor, and if recovery to full service 
could be accomplished rapidly, there 
would be a limited business case for 
secondary systems. Other factors 
that may influence the level and 
complexity of such secondary systems 
could include the:

c) Grade of automation (GoA) of the 
line, i.e. whether or not there is a train 
operator onboard the train. 

d) Safety and operating performance 
levels required during 
degraded mode working.

Improving the availability of 
the primary signalling system
As noted above, minimising the 
frequency and operational consequences 
of service-affecting failures in the primary 
signalling system are key business case 
requirements for any signalling system 
solution, and there are essentially two 
approaches to achieving high levels of 
signalling system availability.

The first approach is to focus on 
achieving the lowest practical hardware 
failure rates for individual components 
and items of equipment that form the 
specific signalling solution (for example, 
reliable track circuits, track switch 
status indications, relays, signals, power 
supplies, cable connections, etc.). 

This has been the traditional approach 
within the signalling industry through 
on-going design improvements, and 
more recently through remote condition 
monitoring of signalling equipment 
in support of pro-active predictive 
maintenance strategies. The advantage of 
this approach is that it leads to relatively 
simple signalling system architectures. 

The disadvantage of this approach is 
there remains a relatively high number of 
single points of failure i.e. single failures 
that can be service affecting.

The second and complementary 
approach is to focus on eliminating 
or minimising single points of failure 
within the signalling system solution; 
an approach that has become more 
practical with the introduction of 
computer-based and communications-
based technologies. Single points of 
failure can be eliminated or minimised 
though appropriate levels of equipment 
redundancy and diversity such that the 
failure of a single component, device, 
power supply or communications 
channel will not render the system 
unavailable or an operationally critical 
function non-operative. 

This includes all elements of the primary 
signalling system as defined above, 
including communication equipment 
and equipment power supplies. The 
advantage of this approach is that it 
theoretically leads to much higher levels 
of systems availability. The disadvantage 
of this approach is increased systems 
complexity with associated increases 
in system cost.

Regardless of the approach adopted, 
the goal should be to keep the signalling 
solution as simple as possible to meet 
the specific business case needs and 
operating/maintenance practices. This 
includes not only the system architecture, 
but also the system software which 
increasingly is the dominant component 
of modern signalling systems. 

There is an argument that while modern 
software-based signalling systems may 
ultimately exhibit high levels of system 
availability, the time required to achieve 

Vancouver’s SkyTrain system, a GoSS 0 system.
Photo Shutterstock/Meunierd.
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this level of system availability during in-
service operations in and of itself justifies 
the need for secondary systems. 

The counter argument is that poor 
system availability during initial operations 
is more a consequence of an inadequate/
incomplete test & commissioning 
process, and a lack of operational and 
maintenance readiness, rather than an 
inherent characteristic of software-
based signalling systems, and that more 
effort should be expended in these areas 
before incurring the capital and ongoing 
maintenance costs of secondary systems. 

Reducing the recovery time 
after a service-affecting failure
Reducing the time required to recover 
from a service-affecting failure in the 
primary signalling system requires 
consideration of many factors 
including the time:

• Required to identify the nature 
of the failure.

• To travel to the appropriate site.

• At the site to diagnose and 
troubleshoot the failure.

• To replace the failed components. 

• To test the repaired unit/subsystem.

Design characteristics of the primary 
signalling systems that can reduce the 
time required to recover from a service-
affecting failure would include real-time 
condition monitoring, remote and local 
diagnostic provisions, and equipment 
access which can be improved by 
minimising track-based equipment 
and centralising critical systems 
wherever possible. 

The effectiveness of maintenance 
support systems, training of maintenance 

personnel and the physical location of 
maintenance personnel and spare parts, 
also influence the recovery time.

Selecting the appropriate 
secondary systems
Given that knowledge of the location 
of trains is an essential prerequisite for 
issuing movement authorities to trains, 
this section will focus on secondary 
means of train location determination, 
following a failure of the primary means. 
There are three specific scenarios that 
can be considered:

Scenario 1: The primary train location 
determination equipment is track-based 
(for example, fixed block signalling 
systems utilising track circuits or axle 
counters as the primary means of train 
location determination). In such a 
scenario, any secondary train location 
system, if required, would likely be train-
based, with secondary train location 
information communicated to central 
control via a train-to-wayside data 
communications link; 

Scenario 2: The opposite would 
apply, with the primary train location 
determination equipment being train-
based (for example, moving block 
CBTC or ETCS Level 3 systems). In 
such a scenario, any secondary train 
location equipment, if required, would 
likely be track-based (track circuits or 
axle counters);

Scenario 3: movement authorities are 
established by track-based train location 
determination equipment, and movement 
authority enforcement is achieved by 
train-based train location equipment 
(e.g. ‘distance-to-go’ and ETCS Level 2 
signalling systems). 

Discussion on each of the above three 
scenarios are provided below:

Scenario 1
Examples of Scenario 1, where the 
primary train location equipment is track-
based (track circuits or axle counters), 
would include traditional fixed-block 
signalling solutions. These solutions 
typically do not include any secondary 
systems, as defined herein, i.e. are GoSS 0 
solutions, relying on achieving acceptable 
levels of system availability through 
highly reliable components/equipment. 
Degraded mode of working following 
service-affecting failures in the primary 
signalling system is by means of strict 
compliance with operating procedures, 
utilising facilities within the primary 
signalling system to override the fail-safe 
signalling protection (e.g. to allow a train 
to pass a restrictive signal aspect).

In the UK, however, Network Rail has 
recently embarked on a research project 
that is attempting to develop new 
secondary systems that will enable trains 
to continue to move safely should its 
existing fixed-block signalling system fail, 
and to support a more rapid recovery to 
full service. The goal is to mitigate up to 
70% of the operational delays currently 
caused by signalling system failures.

Following a failure of the primary 
signalling system, this secondary system, 
referred to as ‘COMPASS Degraded 
Mode Working System (DMWS)’ [1], is 
intended to allow the control centre 
(Rail Operating Centre) to independently 
determine a train’s position, monitor its 
speed and travel direction, and verify 
that a safe route is correctly set, without 
the need to deploy line-side personnel. 
Based on this independently determined 

Sheppard West station on the recently opened Toronto-York Spadina Subway Extension (TYSSE), 
a recent example of a CBTC GoSS 2 solution. 
Photo Toronto Transit Commission.
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information, the control centre would 
then authorise appropriate train 
movements verbally or via a text message 
to the GSM-R cab radio. 

Although described in some public-
domain documents as an ‘alternative 
signalling system,’ or as a ‘back-up 
train control system’, COMPASS DMWS 
is in fact not viewed as an alternative 
signalling system, but rather an 
independent non-vital source of train 
and infrastructure status information, 
to support and supplement degraded 
mode operating procedures. As such, 
using the terminology of this article, 
COMPASS DMWS would be defined as a 
GoSS 1 solution.

In scenario 1, the primary train location 
system is track-based, and as such a 
track-based failure would impact every 
train operating over that section of track 
and would typically require maintenance 
personnel to be dispatched to the site 
to correct the fault and restore service. 
The proposed secondary train location 
system in COMPASS DMWS is currently 
anticipated to be train-based using 
the Global Navigation Satellite System 
(GNSS) and GSM-R train-to-wayside 
communications. 

The COMPASS DMWS research project is 
currently in the feasibility demonstration 
stage, with prototype equipment. Key 
challenges that remain to be addressed, 
prior to any full-scale operational 
deployment, include:

• Operation approvals: will such 
secondary systems deliver the 
anticipated operational benefits?

• Safety approvals: will such secondary 
systems mitigate existing hazards, or 
introduce new hazards, associated 
with degraded mode working, 
specifically if the secondary systems 
are not fail-safe?

• Costs: will the life cycle costs of 
installing/maintaining such secondary 
systems support the business case for 
their deployment?

Scenario 2
Examples of Scenario 2, where the 
primary train location equipment is 
train-based, would include the newer 
generations of moving block signalling 
technology such as CBTC systems or 
ETCS Level 3 systems. To date, most of 
the industry discussion on secondary 
systems for such signalling systems has 
centred around CBTC deployments on 
passenger-carrying metros [2,3], but the 
issues raised here would equally apply to 
ETCS Level 3 deployments for passenger 
trains and freight on main line rail lines.

Since the initial installations in the 1980s, 
CBTC technology has been widely 
deployed around the world, in both 
‘greenfield’ (new start) and ‘brownfield’ 
(re-signalling) applications. The 
technology has been implemented on 
light-rail systems, metros, and commuter 
rail systems, with grades of automation 
from GoA 1 (ATP only) to GoA 4 
(fully automated/unattended). CBTC 
technology is available from multiple 
suppliers and is service-proven and 
safety-proven, with substantial operating 
and system availability experience. 
However, there is no ‘industry standard’ 
CBTC solution, and CBTC systems have 
been deployed both with and without 
secondary systems, and with a variety of 
different secondary systems. 

For example, one of the first greenfield, 
inductive loop-based CBTC systems 
on the SkyTrain system in Vancouver, 
Canada, operating at GoA 4, had 
no secondary systems. Using the 
terminology of this article, this was a 
GoSS 0 solution. On the other hand, 
one of the first brownfield, radio-based 

CBTC systems, on the Canarsie Line in 
New York, USA, operating at GoA 2, was 
a GoSS 4 solution, primarily to support 
mixed mode operations, with track-based 
secondary train detection (track circuits) 
and secondary train protection (wayside 
signals and train stops). 

There are also many examples of CBTC 
GoSS 2 and GoSS 3 solutions, with (for 
example) track-based secondary means 
of train location determination (track 
circuits or axle counters).

As such, with each new CBTC 
application, there is typically a renewed 
debate on the secondary systems 
required for that application.

Experience would suggest that a 
conservative approach was adopted 
in the early deployments of CBTC in 
brownfield (re-signalling) applications, 
at a time when there was limited 
operational experience with the 
technology. These early deployments 
typically included complex secondary 
systems. Today, with over 30 years 
of operating experience, the clear 
trend now is to minimise and simplify 
secondary systems wherever possible. 

It should be noted that most CBTC 
systems inherently incorporate features 
and functions to assist control centre 
personnel during degraded modes of 
operation, specifically for the movement 
of trains with a total failure of train-
borne CBTC equipment, and to work 
around blocked tracks, for example. Also, 
with high-capacity, bi-directional, data 
communication links between control 
centre equipment, wayside equipment, 
and train-based equipment, CBTC 
systems inherently provide control centre 
personnel with a high level of information 
on train and infrastructure status.

Network Rail’s COMPASS degraded mode 
working project is one example of a system 
that offers some train movements in failure 
conditions.
Photo Clive Kessell.
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Currently, GoSS 0 solutions, with no 
secondary systems, have been limited to 
greenfield CBTC applications operating 
at GoA 4 (Unattended Train Operations), 
where the emphasis had to be on 
achieving the highest possible levels 
of availability of the primary signalling 
system, given the absence of onboard 
staff to support degraded modes of 
working. (Indeed, it could be argued that 
it is the presence of a train operator on 
board the train that has driven the need 
for secondary systems.) 

With such a GoSS 0 solution operating 
at GoA 4, while service-affecting failures 
can still occur, the frequency of such 
failures, and the recovery time from 
such failure, is such that the operational 
impacts are assessed to be acceptable. 
An analogy can be drawn here to traction 
power systems which are also designed 
to include high levels of redundancy 
with no secondary systems. In the event 
of a service-affecting traction power 
system failure, there is no other option 
but to suspend service until power can 
be restored. This is also assessed to 
be acceptable if the frequency of such 
failures is sufficiently rare. 

Today, GoSS 4 solutions, with secondary 
systems providing an equivalent level 
of safety as the primary signalling 
system, are generally restricted to those 
CBTC applications where mixed-mode 
operation is a mandatory requirement. 
To avoid the cost and complexity of a 
GoSS 4 solution, the focus now is to 
avoid mixed mode operations whenever 
possible by ensuring that all trains 
operating on a CBTC-equipped line 
(including maintenance-of-way trains) 
are CBTC-equipped. 

This also includes during the migration 
phase where there is a preference to 
dual-equip the train (so it can operate in 
CBTC-equipped and non CBTC-equipped 
territory, rather than dual-equip CBTC 
territory with GoSS 4 secondary systems. 
An analogy can be drawn here with 
traditional track circuit-based signalling 
systems where it is assumed that all trains 
operating on a signalled line will shunt 
the track circuits. If there were a need to 
operate a train on the line that did not 
shunt the track circuits, special operating 
procedures would apply. Similarly, if 
there were a rare need to operate a 
non-equipped train on a CBTC-equipped 
line, special operating procedures could 
similarly apply.

Similar issues will arise when main line 
railways move away from traditional 
fixed block signalling systems. With 
early ETCS Level 3 deployments, it may 
not be practical to avoid mixed-mode 
operations. As such, a ‘Hybrid Level 
3’ solution is currently being jointly 
developed by Network Rail in the UK 
and ProRail in the Netherlands in which 
track-based train detection (track circuits 
or axle counters) would be retained to 
support mixed-mode operation of Level 
2-equipped trains with Level 3-equipped 
trains [4]. This would essentially be 
a GoSS 2 solution, given that there 
would be no independent equipment 
to replace the functionality of the Radio 
Block Centres (RBCs) or train-based 
ETCS equipment. 

Any train not equipped for either ETCS 
Level 2 or 3 operation would not be 
permitted to run on a Hybrid Level 
3-equipped route unless, in addition to 
track circuits or axle counters, lineside 
signals were also retained (a GoSS 3 

solution). However, the primary intent of 
Hybrid Level 3 is simply to allow certain 
trains to start operating in Level 3 mode 
on what essentially is still a Level 2 line 
i.e. all trains would either be Level 2 or 
Level 3 equipped. 

When mixed-mode operations are 
not required, the primary debate for 
secondary systems with CBTC is, today, 
focused primarily on the need for, 
and specific configuration of, GoSS 2 
solutions, with secondary means of 
train location determination, to support 
a more rapid recovery to full service 
following an infrequent failure of the 
primary CBTC system. A similar debate 
should be anticipated for ETCS Level 
3 deployments, even when all trains 
operating on the route are equipped for 
ETCS Level 3 operation.

Operational risk assessments, that 
consider both the frequency of CBTC 
system failures, the operational impact 
of these failures, and the time to recover 
from such failures (drawing on operating 
experience from existing in-service CBTC 
applications) generally indicate that the 
highest operational risk relates to failures 
that result in a lack of train location 
reporting from a single train. 

While such failures are ‘fail safe’, 
recovering from such failures requires 
train location reporting to be re-
established, which typically requires 
train movements in a degraded mode 
to re-initialise train location reporting. 
Such train movements can be achieved 
solely through strict adherence to 
operating procedures, utilising features 
and functions available within the primary 
CBTC system (GoSS 0 solution), or can 
be supported by independent systems 
to determine a train’s position (GoSS 2 

GoSS 4 on New York’s Canarsie Line.
Photo MoskFPS/Wikimedia Commons.
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solution); typically track circuits or axle 
counters. (There are currently no known 
examples of a GoSS 1 CBTC solution, as 
defined herein.)

If track circuits or axle counters are 
deployed as a means of secondary train 
detection, then there is also a tendency 
to use these devices for other purposes, 
for example to drive wayside signal 
aspects and as input to interlockings (i.e. 
GoSS 3 solution). This again can further 
increase the complexity of the secondary 
systems. It has been suggested that 
secondary systems can increase the 
cost of a CBTC re-signalling project by 
as much as 30%.

Experience has shown that migrating 
to CBTC is significantly simplified if 
axle counters are used as the means 
of secondary train detection, and axle 
counters are now increasing being 
deployed in CBTC re-signalling projects 
as an alternative to track circuits. The 
primary argument for retaining track 
circuits is that track circuits can detect 
broken rails. However, numerous studies 
have shown that the ability of track 
circuits to detect broken rails in a timely 
fashion is extremely limited, and a more 
holistic approach is being taken to the 
issue through, for example, more pro-
active preventive maintenance regimes 
focused on the prevention of broken rails. 

In summary, the current ‘standard 
CBTC solution’ that has evolved over 
the past 30 years typically includes, as 
a minimum, secondary train detection 
systems utilising either track circuits 
or axle counters. Indeed, there are 
some CBTC products that have been 
specifically developed and designed as 
a GoSS 2 solution, with secondary train 
detection an inherent element of the 
system architecture. 

On one side it can be argued this 
reflects the appropriate due diligence 
of signalling professionals and political 
decision-makers. On the other side, it 
could also be argued this has evolved 
based primarily on subjective and 
emotional considerations, rather than 
on a thorough risk assessment and 
quantitative cost-benefit analysis. 
As such, the debate on the need for 
secondary systems with CBTC can be 
expected to continue. At least, perhaps, 
until such time as a GoSS 0 solution, 
with no secondary train detection, is 
actually implemented on a brownfield 
re-signalling project. Similar discussions 
should also be anticipated with the 
deployment of ETCS Level 3.

Scenario 3
Examples of Scenario 3, where 
movement authorities are established by 
track-based train location determination 
equipment and then enforced by 
train-based train location equipment, 
would include fixed-block distance-
to-go cab-signalling systems and ETCS 
Level 2 systems. 

An ETCS Level 2 system, for example, 
is not a stand-alone signalling solution 
and is generally deployed as an overlay 
with existing track-based train detection 
equipment and existing interlockings 
equipment providing the basis for 
establishing movement authorities that 
are then communicated to and enforced 
by train-borne ETCS Level 2 equipment. 
The availability of the complete 
signalling system solution is therefore 
constrained by the reliability and failure 
recovery times, of the existing track-
based train detection equipment and 
existing interlockings. As with scenario 1, 
these underlying train detection and 
interlocking subsystems typically do 
not include any secondary systems, as 
defined herein, i.e. are GoSS 0 solutions, 
relying on achieving acceptable levels of 
system availability through highly reliable 
components/equipment. 

Depending on the success of the 
COMPASS DMWS research project 
referenced earlier in this article, such 
non-vital DMWS secondary systems 
could potentially also be deployed 
as an element of an ETCS Level 2 
GoSS 1 solution such that in the event 
of a failure in the underlying track-
based train detection and interlocking 
subsystems, control centre personnel 
could independently determine a train’s 
position and verify that a safe route 
is correctly set, in order to verbally 
authorise appropriate train movements. 
Such a solution has not however been 
deployed to date.

Summary
In summary, today only those signalling 
solutions that utilise train-based 
technology as the primary means of train 
location determination, such as CBTC 
solutions, are being regularly deployed 
with a secondary means of vital track-
based train detection, either with or 
without a secondary means of movement 
authority determination (GoSS 2 or 
GoSS 3). Secondary systems are included 
even though CBTC technology has been 
specifically designed to eliminate or 
minimise single points of failure through 
high levels of equipment redundancy 

and diversity, and even though this 
technology has been specifically 
designed to eliminate or minimise track-
based equipment such that in the event 
of a failure in the primary train-based 
train location detection equipment there 
is no requirement to deploy line-side 
personnel for failure recovery.

Similarly, today, the only signalling 
solution that has been deployed together 
with an alternative secondary signalling 
system providing secondary vital train 
detection, movement authority, and 
movement authority enforcement 
(GoSS 4), is CBTC technology. Such 
deployments are primarily to support 
‘mixed-mode’ operations either during 
normal revenue service operations, 
or during the introduction of CBTC 
on a complex rail network before 
all trains operating on that network 
are CBTC-equipped.

The factors that have resulted in 
secondary systems being incorporated 
within CBTC technology solutions may 
also apply to the future deployment of 
ETCS Level 3 solutions.

Signalling technology solutions that 
rely on track-based train detection as 
the primary means of train location 
determination typically do not include 
any secondary systems (GoSS 0), 
even though the operational impacts 
and recovery times in the event of 
a track-based train detection failure 
can be significant. With such systems, 
the traditional approach has been to 
focus on achieving the lowest practical 
hardware failures rates, with regular 
preventative maintenance together 
with remote condition monitoring. The 
COMPASS DMWS initiative referenced 
in this article could potentially support 
more rapid failure recovery, as a non-vital 
GoSS 1 solution. 
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