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Polysense Technologies Inc, a supplier of enterprise Internet 
of Things (IoT) solutions for fibre and wireless IoT sensing, 
and ZhongKe SmartCity Electronic Technology Company 

Ltd, a global supplier of cloud IoT services for smart homes, have 
announced that they have entered into an agreement to drive 
disruptive innovation for the rapidly growing Industrial Internet 
and IoT services, smart home technology and edge computing, as 
well as a partnership to jointly expand their global market reach.

Polysense focuses on fibre and wireless IoT products, solutions 
and engineering services for service providers, enterprises, 
government agencies and consumers, including LoRa-based  
WxS 8000, Wi-Fi/BLE-based WxS 7000 and NB-IoT/eMTC-based 
WxS 9000, enabling a rich array of applications such as structural 
health monitoring (SHM) for infrastructure, buildings and platforms, 
machine condition monitoring for preventative and predictive 
maintenance (PPM), asset protection and tracking, perimeter security, 
environmental monitoring, smart agriculture and gas monitoring. 
Polysense currently supports over 45 sensing parameters, iEdge edge 
computing turnkey software, iView data visualisation cloud PaaS 
platform and iLNS scalable network server, with a goal to offer the 
industry’s broadest portfolio of sensors monitoring over 140 sensing 
parameters, including temperature, humidity, light, pressure, acoustic 
emission, acceleration, tilt, vibration, displacement, environmental 
and industrial gases, water quality, passive infrared (PIR)/infrared 
(IR) motion, ultrasound, soil sensors and thermal imaging.

ZhongKe SmartCity is an innovative high-tech corporation with 
the solid backing of the Chinese Academy of Sciences (CAS) as a 
wholly-owned subsidiary. It operates the largest cloud platform and 
services (City Net) for smart homes, enabling millions of smart home 
IoT devices, such as home appliances and furniture, to be connected 
and managed from smartphones. In addition, ZhongKe SmartCity 
offers carrier class LoRa products and consumer Wi-Fi IoT products. 
Today, ZhongKe SmartCity has become the dominating cloud IoT 
service provider for smart home appliances in China.

Together, the companies will provide the most compelling end-
to-end IoT solutions to service providers, smart cities, enterprises 
and homes. Polysense WxS sensor end node product line, including 
WxS 8800 and WxS 8700, has already been fully integrated into 
ZhongKe SmartCity’s City Net cloud platform. The parties have 
agreed to a wide range of cooperation, including but not limited to: 
n	Joint engagement with end customers such as multiple system 

operators (MSOs) and smart cities
n	Joint standard participation
n	Joint application for research and development for national 

strategic projects
n	Joint research in the areas of big IoT data, artificial intelligence 

(AI) and analytics

n	Joint research on the application of block chain technology in 
the IoT network.

“The rich portfolio of IoT sensor nodes from Polysense, combined 
with cloud core network capability from ZhongKe SmartCity, 
enables us to offer our joint customers virtually any application 
scenarios,” said Dr Yuan Fei Chen, Professor at The Institute of 
Computing Technology (ICT), Chinese Academy of Sciences, and 
CEO of ZhongKe SmartCity. “Such seamless product and service 
integration allows the end customers to focus effort on real value-
adding applications for their daily business, instead of wasting time 
on end node and cloud platform selection or connectivity problems.”

“With the rapid technology and product maturity of LPWANs, IoT 
opportunities are growing at an amazing pace. New applications are 
identified daily,” said Rick Li, Founder and CEO of Polysense. “This 
agreement includes technology, product and market cooperation. 
In particular, the vast and largely untouched global market and 
fast-growing China market are our focus. We are excited about the 
technology and expertise combination of Silicon Valley from Polysense 
and the Chinese Academy of Sciences from ZhongKe SmartCity”.

SPM supplies online 
vibration monitoring to 
packaging group
SPM Instrument in the Netherlands has received an order from 

VPK Packaging Group in Belgium for various online Intellinova® 
systems to monitor guide rolls in the dryer section of paper machine 
PM6, as well as pressure screens and various transmissions for PM6 
and PM7, consisting of motor gearbox and Cardan shafts.

At VPK Packaging Group in Dendermonde, Belgium, condition 
monitoring has been part of the maintenance strategy for many 
years. At regular intervals, large portions of the rotating equipment 
were monitored by service providers using portable measurement 
equipment. In order to achieve higher production results and avoid 
unplanned downtime, however, VPK realised that continuous online 
condition monitoring was necessary. After careful investigation of 
various brands and thorough testing of online systems on their own 
equipment, the Intellinova system from SPM, incorporating the HD 
ENV vibration monitoring technique, was chosen.

In total, SPM Instrument will deliver nine Intellinova systems that 
will handle measurement data from already installed accelerometers 
and newly installed DuoTech® transducers.

Polysense and ZhongKe SmartCity enter 
into broad agreement
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Jacobs Engineering and 
Atos collaborate
Jacobs Engineering Group and Atos, a global provider of digital 

transformation, have reached a non-exclusive collaboration 
agreement to provide predictive, condition-based maintenance 
and field services optimisation solutions to clients across industry 
sectors including water, energy, transport, aviation, nuclear and the 
built environment. The enhanced data capture and analysis offers 
clients greater understanding of their assets, helping them to reduce 
operational and reactive maintenance costs, optimise performance 
and increase return on asset investment.

“This collaboration with Atos will help us create more opportunities 
to leverage disruptive technology and deliver strategic digital 
innovation for complex government, infrastructure and industrial 
programmes,” said Donald Morrison, Senior Vice President and 
General Manager at Jacobs Buildings and Infrastructure Europe. “With 
our in-depth industry knowledge and combined digital capabilities, we 
are well positioned to help our clients achieve performance excellence 
and maximise their opportunities in this dynamic technology space.”

Merging the professional technical services expertise of Jacobs 
with the digital and Internet of Things (IoT) capabilities of Atos, 
the combined offering will provide further value to clients through 
real-time insights that detect anomalies and performance patterns, 
determine critical assets and understand the root cause of asset 
failure. This enables clients to better anticipate potential asset 
failure and performance issues and to proactively plan for timely 
maintenance and replacement.

The collaboration will leverage part of the Atos Codex portfolio 
of offerings, together with Jacobs Connected Enterprise (JCE), a 
suite of integrated digital capabilities and solutions in data analytics, 
IoT deployment and cyber security.

The agreement will initially focus on the UK, with the option to 
extend to other markets.

B&K Vibro launches new 
data acquisition unit
Brüel & Kjær (B&K) Vibro has introduced its new condition 

monitoring unit, the DDAU3 (Diagnostic Data Acquisition 
Unit). The DDAU3 is backward compatible with existing DDAU2 
devices and has a seamless interface to the VibroSuite condition 
monitoring software.

The DDAU3 functionality consists of:
n True Internet of Things (IoT) edge computing with direct 

compatibility to Microsoft Azure IoT Hub;
n Standardised interface protocols, such as OPC UA, Modbus 

TCP/IP and Modbus RTU;
n DDAU3 is not limited to vibration data, but accepts direct input 

from a large variety of sensors, devices and data interfaces;
n On-board storage of data in case of a network outage;
n Stand-alone operation for offline data recording;
n Remote update of application-specific monitoring strategies and 

software updates, with cyber security;
n High computational power and on-board intelligence reduces 

load on the central monitoring servers;
n Proprietary measurement techniques for early fault detection of 

rolling element bearing faults and complex gearboxes; and
n Process-dependent on-board alarming.
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Atlanta Streetcar adopts 
predictive maintenance
Metropolitan Atlanta Rapid Transit Authority (MARTA), 

which operates the Atlanta Streetcar 4.3 km Downtown Loop 
light rail line, has engaged Siemens to maintain the fleet of four S70 
light rail vehicles (LRVs) that it supplied prior to the opening of the 
line in December 2014.

Siemens will implement a comprehensive vehicle maintenance 
programme and provide technical support and materials. It will 
also use its Railigent digital rail services platform to capture data via 
on-board systems, which will be analysed to predict failures before 
they occur. Railigent will also identify factors affecting operational 
efficiencies, such as bottlenecks, to reduce delays and save energy.

In addition, Siemens has also located a MindSphere Application 
Center for Rail on the Georgia Tech campus in Atlanta, which will 
use data gathered from intelligent sensors and continue to develop 
the advanced software platforms to put intelligence behind billions 
of data points created on US rail systems.

Siemens believes this will help rail operators to improve 
their operations and create what it describes as an ‘internet of 
trains’ to bring infrastructure and vehicles into the digital era. 
Using software tools, the digital service business will help rail 
operators to reduce downtime and improve operational efficiency, 
planning and performance, as well as generating energy and cost  
savings.

Arundo Analytics launches 
new CPM application
Arundo Analytics, a software company enabling advanced 

analytics in heavy industry, has introduced the Arundo 
Condition & Performance Monitoring (CPM) application for 
industrial equipment.

Alongside Fuglesangs AS, a pump equipment manufacturer 
and supplier, Arundo recently demonstrated a smart pumping 
system built on Arundo CPM at an event in Oslo for the launch of 
Subsea Valley as a Norwegian Centre of Expertise (NCE) – Energy 
Technology. Arundo and Fuglesangs showed the first end-to-end 

system for real-time pumping analytics in the cloud, based on 
the latest advances in sensor technology, edge computing, cloud 
software and machine learning.

Arundo’s CPM application was at the core of the demonstration, 
which took place in front of an audience of over 300 attendees from 
leading energy and technology companies, as well as members of 
the Norwegian government. Terje Søviknes, Minister of Petroleum 
and Energy, spoke at the event.

Arundo’s CPM application incorporates several best-in-class 
technologies:
n Via Arundo’s Edge Agent software, field-installed industrial 

equipment intelligently streams its sensor data for real-time 
analysis.

n Via the Arundo CPM dashboard, configurable panels 
allow customers to visualise streaming equipment data, key 
performance indicators and data-driven analytics. For the smart 
pumping system, this includes:

 –  Streaming measurement data directly from the equipment, 
such as flow rate, differential pressure, temperature, speed 
and power;

 –  Streaming edge calculations based on these sensors, such as 
pump efficiency and pump head; and

 –  Machine learning analytics such as runtime efficiency and 
time in high vibration.

n Arundo CPM also enables condition-based alerts to specific 
users via SMS or email.

n Finally, Arundo CPM enables anomaly detection for predictive 
equipment analytics:

 –  Arundo’s anomaly detection approach is based on 
clustering techniques that learn from historical data and 
build a complex view of system behaviour across groups of  
sensors.

 –  The trained model can then raise alarms when unseen or 
failure mode behaviours arise in the system.

 –  This anomaly detection approach accounts for multiple 
complex operational modes. It also enables the combination 
of multiple sensors into a single measure of the health of the 
system (a ‘virtual sensor’).

Impaired operations or failure of pumps may have significant 
consequences for operators. However, prior to this system, the 
industry had no cloud-based solution that integrated machine 
learning and advanced data science for the early identification of 
operating anomalies.

“For hundreds of years, pump and hydraulic system 
manufacturers focused on improvements in the mechanical 
operations of pump systems,” said Alexander Fuglesang, CEO, 
Fuglesangs Subsea. “Today, with the unprecedented availability 
of streaming data, for the first time we can understand the 
actual physical environments in which every specific piece of 
equipment operates and fine-tune each individual pump and 
component accordingly. This will impact many aspects of our  
industry.”

Mogens L Mathiesen, Arundo Co-Founder and Vice President 
of Business Development, said: “Arundo was founded to transform 
heavy industries with data-driven insights. We worked closely with 
Fuglesangs to develop a smart pumping system that is designed by 
and for industrial users and meets their actual needs with software 
and data science. We were excited to demonstrate Arundo CPM at 
this event.”

Preben Strøm, Managing Director, Subsea Valley, said: “This 
smart pump demonstration by Arundo and Fuglesang is an example 
of the type of world-class technical innovation Subsea Valley aims 
to promote. We are bringing advances such as this to the global 
energy sector.”

A Siemens S70 Streetcar operating on the Atlanta Streetcar line                      
    Image courtesy of Spmarshall42 (CC BY-SA 4.0)
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Major derailments prompt 
point monitoring
Swiss Federal Railways (SBB) initiated a programme of frequent 

mechanical point condition monitoring, commonly deployed on 
heavily-used lines, on its main line network following three major 
derailments in 2017. Each derailment occurred when trains were 
passing over points at stations and caused substantial disruption. 

In March, a Trenitalia Eurocity train derailed in Lucerne, 
leaving seven passengers injured and closing the station for five 
days, followed a week later by the derailment of a BLS S-Bahn train 
that was leaving Bern. At the end of November, a German Rail 
(DB) ICE train also derailed when entering Basel main station, 
which disrupted services for three days.

In Bern, an investigation by the Swiss Transportation Safety 
Investigation Board (STSB) found that the derailment was caused 
by a fatigue break in the switch blade. Investigations by STSB into 
the incidents in Lucerne and Basel are ongoing but have established 
that both of these major stations are equipped with the same type of 
point, which is technically highly complex due to space restrictions 
at the stations.

As a result, SBB will replace the switch blades on the four points 
in Basel and Lucerne and install a new point system in 2019.

Despite these incidents, SBB maintains that point work on the 
Swiss network is extremely reliable. The network is fitted with 
12,850 points and witnesses a total of 800,000 crossings per day, 
with up to 380 per day on the most heavily used lines.

Owl Cyber Defense 
Solutions integrates with GE 
Bentley Nevada System 1
Owl Cyber Defense Solutions, a supplier of data diode network 

cyber security solutions, has announced that the company has 
recently completed its first successful integration with GE Bentley 
Nevada System 1.

This new integration includes the GE Bentley Nevada  
System 1 and Owl’s commercial data diode products (OPDS-100 
and OPDS-1000), along with Owl’s RFTS file transfer software. It 
enables real-time condition monitoring and event diagnostics to be 

securely transferred across network boundaries while protecting 
the networks that contain the data.

“I can’t say enough about how well [the combined solution] 
performs,” said a high-ranking official from the energy generation 
company that implemented the solution. “It just works and it’s simple.”

The GE Bentley Nevada System 1 enables real-time optimisation, 
monitoring and diagnostics of equipment and selected processes.
The platform enables the assets that drive processes to understand, 
diagnose and control development conditions in real time.

Owl’s data diode-based cyber security solutions are one-way data 
transfer devices, providing both hardened network security (often in 
place of a physical air gap) and data availability to the users that need 
it, whether it is via file transfer, database replication or any other data 
type. This technology is intended to separate and create boundaries 
between trusted and untrusted networks, straddling the demarcation 
line between them and enabling data to pass in only one direction.

The combined solution has been installed in a major energy generation 
organisation, with plans to roll out a fleet-wide implementation to 
aggregate performance and monitoring data from a number of plant 
sites to a centralised monitoring centre. This arrangement will include 
over 100 servers across more than 30 sites. Users will benefit from the 
improvement in reliability and availability from System 1 combined with 
the proven security of Owl cyber security, creating an overall faster and 
easier collaboration with far lower risk to critical systems.

“The GE Bentley Nevada System 1 intelligent software provides 
a broader connected view of site operations,” said Scott Coleman, 
Owl’s Director of Marketing and Product Management. “With the 
increased safety from Owl DualDiode technology, the combination 
will allow their operational systems to be faster, more efficient and 
more secure than ever.”

SMRT to use data system 
to improve rail reliability
Train operator SMRT in Singapore is testing a range of new 

systems that utilise data and artificial intelligence to improve 
rail reliability and better predict waiting time for commuters.

The company revealed details of the new technologies it plans to 
roll out by the end of 2018.

Among them are sensors that can better spot track defects, a 
digital platform for maintenance updates and a system that can help 
predict defects by analysing data collected by the devices.

The soon-to-be-implemented Train and Track Condition 
Monitoring System (TTCM) uses fibre-optic sensors to detect 
abnormal vibrations in real time. Such vibrations commonly arise 
due to either track defects or train wheel degradation.

“We have attached fibre-optic sensors to the axles of passenger 
trains so that they can simultaneously detect track degradation as 
they carry out everyday operation,” said Ang Zi Keng, SMRT Future 
Systems Engineer.

“There is also a separate set of trackside fibre-optic sensors that 
can corroborate vibration data so that we can locate and identify the 
respective faults for repair.”

Compared to previous sensors that were less efficient, the new 
sensors are less prone to human error.

Engineer Dr Tan Chee Keong said: “We also relied on engineers 
to visually spot track degradation previously. With the new system, 
track degradation issues can definitely be detected better.”

The TTCM is currently in the validation phase, where its 
effectiveness is being compared to current methods. It is expected 
to be in full operation by the end of 2018.

SBB reported three major derailments in 2017, including that of a 
BLS S-Bahn train         Image courtesy of Kurt Rasmussen 
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Integrating remote condition 
monitoring of railway infrastructure 
with high-speed inspection
P Vallely and M Papaelias

Patrick Vallely and Mayorkinos Papaelias are with the School 
of Metallurgy and Materials, University of Birmingham, 
Birmingham, UK.
Patrick Vallely is also with Network Rail Infrastructure Limited, 
Baskerville House, Birmingham, UK. Email: patrick.vallely@
networkrail.co.uk

Rolling stock traffic density has experienced a significant increase in the majority of rail networks. Any delays, unplanned 
disruptions or reductions in availability due to maintenance required for the repair of infrastructure defects have serious 
consequences for the mobility of passengers and freight using the rail network. Moreover, they result in significant costs 
being incurred unnecessarily. To effectively address the growing demand for rail transport, rail infrastructure managers 
have invested heavily in the improvement of the network based on an extensive programme of track renewals and targeted 
upgrades, including the construction of new high-speed and secondary lines. Although track renewals and upgrades 
contribute to the capacity increase of the rail network and improve efficiency, they cannot entirely address the problems 
associated with operational reliability, availability, maintainability and safety (RAMS). Continuously growing traffic 
density, coupled with higher axle loads and travel speeds, means that any defects or faults in rails and cast manganese 
crossings may lead to costly delays and disruption until emergency inspection and maintenance activities have been 
completed. The costs per delay minute can vary significantly and do not take into account the much more considerable 
indirect costs related to the lost time for each passenger. In this paper, a novel approach is proposed, which integrates the use 
of advanced remote condition monitoring techniques with high-speed inspection as a means of optimising maintenance 
planning and minimising the likelihood of catastrophic failure.
Keywords: remote condition monitoring, rails, cast manganese crossings, acoustic emission, ACFM, vibration analysis.

Introduction
Traffic on rail networks around the world has been continuously 
increasing in recent years. Rolling stock is travelling at higher 
speeds and there is also increased passenger and freight demand. 
The result is heavier axle loads and an increase in the frequency 
of maintenance interventions. The rail industry in the UK, as well 
as the rest of the world, is set to continue to grow at a strong pace 
until at least the mid 21st century. More high-speed lines with trains 
travelling at speeds in excess of 250 km/h are continuously being 
designed and constructed. The growth plans will not only connect 
major cities within a country but also potentially connect Europe 
with the Far East and Asia. 

In the UK, following the success of High-Speed 1 (HS1), the 
British government has decided that there is a fundamental need 
to strengthen the high-speed capacity on the North-South axis of 
the rail network. This has resulted in the establishment of the High-
Speed 2 (HS2) project, which consists of three main phases. During 
the first phase, HS2 will connect London Euston with Birmingham 
New Street, reducing the travel time from 81 minutes currently to 
49 minutes. The second phase will connect: (a) London Euston 
with Manchester Piccadilly, reducing travel time from 128 minutes 
currently to 68 minutes; and (b) London Euston to Leeds, reducing 
travel time from 132 minutes currently to 83 minutes. Thus, once 
the second phase of HS2 is completed, commuters from London will 
be able to reach Manchester in less time than those travelling from 
London to Birmingham today. If the third phase of the HS2 project 
materialises, London Euston will be connected with Edinburgh. 

The increasing traffic density and operational speeds in the UK 
rail network suggest that any unexpected faults or failures in rail 
infrastructure (broken rails, damaged cast manganese crossings, 

cracked sleepers and damaged bridges or tunnels) or rolling stock 
(damaged wheels, cracked or corroded axles, faulty bearings 
and damaged bogie suspensions) can result in severe delays and 
disruption of normal operation. Furthermore, such faults can 
cause dangerous derailments involving human casualties and 
damage to the rail infrastructure or furniture and incur substantial 
unnecessary repair and restoration costs for the infrastructure 
maintenance delivery managers and operators.  

Technological advances in train design and infrastructure 
engineering have, over the past few decades, enabled the extensive 
use of high-speed trains. The nature of rail freight operations has 
also been changing gradually, with high-value goods conventionally 
transported from the site of production to the site of consumption 
via rail instead of road. The increasing market trend for the rail 
industry is forecast to continue at least until 2050, since rail 
transport is steadily becoming a more attractive option over other 
means of transportation for both passengers and goods. Train 
travel is generally cheaper than using a car and usually the fastest 
option to reach a destination. It is also inherently safer and far 
more environmentally friendly in comparison to car travel, without 
compromising passenger convenience. 

The immediate key challenges faced by the rail industry are: (a) 
improvement in the safety of railway systems; (b) the development 
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of new railways to accommodate the continued growth in demand; 
(c) the continued development of innovations to maximise the 
capacity of the existing infrastructure; and (d) contribution to a 
more sustainable railway, in both environmental and financial 
terms, by delivering further efficiencies and exploiting sufficiently 
technological innovation.  

This paper, primarily focused on the UK rail infrastructure, 
discusses a holistic approach for the application of remote condition 
monitoring with high-speed inspection as a critical means for the 
accurate and cost-effective evaluation of key railway infrastructure 
assets and rolling stock. This work involves the use of a number 
of techniques and innovative methodologies based primarily on 
acoustic emission (AE), vibration analysis and alternating current 
field measurement (ACFM) supported by conventional ultrasonic 
testing in order to address the evaluation requirements for different 
components of interest. The results obtained to date are very 
promising and present rail infrastructure managers and rolling 
stock operators with new opportunities for improved and more 
reliable operations. Moreover, the widespread implementation of 
the techniques and methodologies being researched could give rise 
to a significant potential impact with respect to the effectiveness 
of maintenance strategies, particularly in terms of cost efficiency, 
improved availability of railway assets and better planning of 
available resources.

Monitoring of railway infrastructure 
critical assets
In June 2013, Network Rail (NR) set out its strategy for a substantial 
investment in research and development (R&D) activities as part of 
the modernisation of the UK rail network[1]. NR’s vision is to take a 
holistic system approach by introducing advanced technology that 
can generate data that will enable it to reduce disruptive maintenance 
intervention and improve safety, reliability and efficiency. As part 
of the implementation of the R&D activities, NR has established 
collaborative relationships with national industry stakeholders, 
such as the Rail Safety and Standards Board (RSSB), educational 
institutions, principle contractor delivery organisations, train 
operating companies (TOCs) and freight operating companies 
(FOCs). TOCs and FOCs play a supportive partnering role. The 
RSSB is a not-for-profit organisation established as a direct result 
of the Ladbroke Grove rail crash[2]. It has issued various research 
guides to support rail systems’ R&D and is primarily funded by the 
Department for Transport (DfT)[3]. 

The rail network is a complex system consisting of multiple 
critical components associated with both the infrastructure and 
rolling stock. Faults or failure of infrastructure components, 
primarily those associated with cracked, corroded or broken 
rails, damaged crossings, faulty sleepers and rail head geometry 
deterioration and misalignment, can result in rough rides, excessive 
noise, emergency speed restrictions, unplanned line closures and, 
ultimately, possible derailments.

Bridges and tunnels are also critical for the smooth operation 
of the rail network. In the UK alone there are thousands of bridges 
and many tunnels, which form an integral part of every line in the 
rail network. A large number of rail bridges and tunnels currently 
in operation were constructed between the late 19th and early 20th 
centuries. There is a substantial programme of work in place by NR 
to maintain and, where required, enhance these bridges and tunnels 
such that they are in a condition to allow faster and heavier modern 
trains to use them safely and reliably many times every day. Remote 
structural health monitoring (SHM) and high-speed inspection can 
help the infrastructure manager maintain these bridges and tunnels 
to continuously evaluate their condition without having to organise 

expensive inspection campaigns carried out by engineering 
teams, normally during night-time access when traffic is stopped. 
Occasionally, operational emergencies may necessitate that 
inspections are carried out during the day when trains are running 
normally. To allow for the inspection of a site, trains may be stopped 
or diverted for a short period of time, unless the inspection speed 
can match that of in-service traffic. However, longer no-train 
periods may be required if the damage found is significant and the 
infrastructure manager is required to close the line. This disruptive 
access will normally result in extra operational costs. These costs 
are incurred in the form of penalties or fines, while passengers and 
goods will need to accept higher than normal travel times.

Rolling stock, passengers or freight can also suffer from other 
instances of infrastructure faults and failures that can result in 
additional costs and higher than normal travel times. Railway 
wheelsets are prone to develop various types of fault on the wheel 
tread or the axle bearings. Wheel surface defects and axle bearing 
faults have serious consequences on rolling stock operations as they 
can cause impact damage on rail infrastructure, reduce passenger 
comfort and increase noise levels and derailments. To evaluate the 
condition of wheels and axle bearings in service, the rail industry 
employs various types of wayside condition monitoring systems, 
including wheel impact load, wheel profile, hotbox and axle bearing 
fault acoustic array detectors.

The importance of RCM has increased significantly in recent 
years. Since rail networks are complex systems, different types of 
RCM equipment needs to be employed in order to address different 
problems that may be associated with the infrastructure or rolling 
stock. The four main categories of RCM technology used on the 
UK rail network are shown in Figure 1. Different kinds of RCM 
equipment will result in different types of data generated. At the 
moment, most RCM equipment is designed to generate an alarm 
once a potential fault is identified. Moreover, in almost every case 
each piece of equipment acts as a stand-alone unit and thus there is 
no trending or correlation with the other units that may be in place, 
even if they are of the same type. There is very little or no integration 
at all of the data being generated from existing RCM equipment. 
This limits the potential overall efficiency of these systems and the 
value of the information generated for the infrastructure manager.  

The introduction of asset information systems, such as Offering 
Rail Better Information Services (ORBIS) in 2011, has provided 
NR with an opportunity to achieve this objective of integrating 

Figure 1. The main categories of RCM technology used on the UK 
rail network         
 Image courtesy of Network Rail Infrastructure Limited, UK
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data and making the output easily available to their infrastructure 
managers. ORBIS seeks to use information from a range of sources 
to provide a holistic picture of the asset status in a given area. One 
of the primary objectives of the ORBIS initiative is to support safety 
by giving infrastructure managers the ability to predict, prevent and 
respond to incidents in a timely and effective manner[4]. 

Infrastructure defects
Rail infrastructure consists of several different components, 
including the rail track (rails, sleepers, rail pads, ballast and sub-
ballast), cast manganese crossings, bridges and tunnels. These assets 
are required to remain in service for tens of years under adverse 
weather conditions and heavy loads, be tolerant to damage, require 
as little maintenance as possible on an infrequent basis and virtually 
never fail catastrophically. It is relatively easy to understand the 
challenges that these requirements pose for rail infrastructure 
managers maintaining several thousands of kilometres of rail track, 
together with thousands of bridges and tunnels, even without 
taking into consideration the maintenance of the various stations 
(parts of which also develop problems with time). 

Rails are prone to develop defects over time, due to either 
fatigue, rolling contact fatigue (RCF), corrosion or high-impact 
loads. Moreover, the presence of manufacturing defects, albeit 
rare in modern rails thanks to significant advances in steelmaking 
technology over the last few decades, can cause initiation and 
propagation of cracks much earlier than expected. Similarly, 
mishandling of the rails during delivery, installation and 
maintenance, or poor wheel-rail conformity due to the presence 
of tread defects or other wheel-related problems, can also result in 
damage initiated and subsequently propagated much earlier than 
anticipated by the design lifetime of rails (approximately 30 years).

Rail defects, if they are not detected in time, will eventually 
result in the final failure of the affected rail or rail section[5-9]. The 
Hatfield accident, which took place in 2000 and caused the death 
of four people, led to the partial renationalisation of Railtrack in 
order to form Network Rail and one of the largest track renewal 
programmes ever recorded, the value of which exceeded £5 billion. 
This accident was the result of structural failure of a long rail section 
due to the presence of severe RCF cracking[6]. The photograph in 
Figure 2 shows an example of heavy RCF cracks on the rail head of 
a section removed from service.

Modern high-speed rail tracks are continuously welded, with 
jointed tracks being used only in rail stations or secondary lines 
where speeds are relatively low (or historic sites not yet renewed). 

Rails are normally flash butt welded. Aluminothermic welding is 
used for repairing or splicing together continuously welded rail. 
Rail welds pose a significant challenge for inspection engineers 
due to their microstructure, which highly attenuates interrogating 
ultrasonic beams. Radiography, due to its health and safety 
requirements, as well as the time-consuming processes involved, 
is applied in selective cases only[8-9]. Thus, radiographic inspection 
results can only be used as a statistical tool to evaluate the quality of 
the general population of welds found throughout the rail network. 
Figure 3 shows two welders preparing an aluminothermic weld 
during a nine-day blockade to renew the track in Shugborough 
Tunnel during December 2012.

Rail geometry is a critical operational parameter and needs to be 
maintained within acceptable limits at all times. The majority of rail 
infrastructure-related derailments are attributed to poor geometry 
of the rail head, resulting in poor contact with the train wheels. 
The same applies when the wheel tread geometry has deteriorated 
beyond the acceptable limits.

Modern rail networks make use of three types of sleeper: wooden, 
steel or concrete, with the latter being the most common type now 
installed in the UK rail network. Other types of sleeper used on 
the rail network include those made of fibre-reinforced composite 
(FRC) materials; however, FRC materials are not common in the 
UK rail network. Sleepers support the rails and provide part of the 
stiffness required to support the passage of trains. 

Accidental impacts and vibrations, combined with the presence 
of failed rail pads or manufacturing defects, can cause concrete 
sleepers to crack and eventually fail. Normally, one failed sleeper will 
not pose a problem, but two or more consecutive sleepers are a cause 
for concern, necessitating repairs to take place. Sleepers can also be 
influenced by ‘wet beds’, which is where water is captured beneath the 
sleepers, causing the track system to pump each time a train passes 
over. This, apart from causing decreased stiffness of the rail track, 
also results in much higher bending moments to be experienced by 
the rails, increasing the likelihood of fatigue cracks developing in 
the affected areas. They also reduce passenger comfort and increase 
vibration and noise, particularly when the train is travelling at high 
speeds. Figure 4 shows a failed rail pad.

Cast manganese steels, due to their high resistance to damage, 
are commonly used for manufacturing rail crossings. Cast 
manganese steels used for crossings contain 11-14% manganese to 
increase the tolerance to fatigue crack initiation from impacts and 
thus achieve an acceptably long lifespan. Although inspection of 
conventional rails is relatively straightforward, this is not the case 

Figure 2. Heavy RCF cracking on a rail section removed from 
service

Figure 3. Aluminothermic weld preparation, Shugborough 
Tunnel, December 2012
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for cast manganese crossings, which have a predominantly large-
grain austenitic microstructure causing scattering and attenuation 
of the interrogating ultrasonic beam.

For this reason, evaluation of the condition of cast manganese 
crossings is currently carried out visually or by using liquid penetrant 
inspection (LPI). Magnetic particle inspection (MPI) or magnetic 
flux leakage (MFL) are not applicable techniques, as cast manganese 
crossings are paramagnetic. Radiography could be applied to inspect 
parts of the crossing, but its application is not easy in the field and 
does involve health and safety issues. Defects such as fatigue cracks 
and impact damage in cast manganese crossings predominantly 
occur in the nose and wings of the crossing. However, manufacturing 
defects can occur during the casting or welding process. These can 
result in structural failure of part of the crossing.

Cracks initiating and propagating below the surface cannot be 
detected due to the limitations of ultrasonic testing. Even if the 
application of radiography for the inspection of cast manganese in 
the field was straightforward, the presence of internal cracks could 
be easily missed due to the limitations of this technique in detecting 
relatively small cracks. Figure 5 shows cracking near the nose of a 
crossing that had to be replaced.  

An appropriate technique for crack growth monitoring is 
acoustic emission (AE). When a load is applied to a solid structure, 
for example by internal pressure or by external mechanical 
means, it begins to deform elastically. Associated with this elastic 
deformation are changes in the structure’s stress distribution and 

storage of elastic strain energy. As the load increases further, some 
permanent microscopic deformation or crack growth may occur, 
which is accompanied by a release of stored energy, partly in the 
form of propagating elastic waves or acoustic emission. If these 
emissions are above a certain threshold they can be detected and 
converted to voltage signals by sensitive piezoelectric transducers 
mounted on the surface of the structure.

The effectiveness of any fixed wayside equipment will be 
influenced by the stability of the surrounding infrastructure. The 
installation of AE equipment within an area of poorly performing 
track could introduce error in the information generated, resulting 
in false alarms. The conventional railway track system is made of 
many components, such as rail, sleepers, ballast, clips and pads. 
When the track geometry is measured, these components are 
measured as a combined system rather than as individual parts. 
Factors that influence these measurements are the line speed, local 
features such as bridges, contour lines and also the track being 
straight or curved. When the track is initially designed, all of these 
features will be considered to develop the baseline design geometry 
to which the track will be installed. The main methods of detecting 
deterioration are visual inspection (normally completed by the 
local maintenance delivery unit) or mechanical inspection using a 
measurement train, as shown in Figure 6. 

These trains travel the infrastructure at regular intervals, gathering 
information. They use technology such as undercarriage cameras 
(Figure 7) to capture images that are fed into pattern recognition 
software. They also use electronic gauge technology to capture the 
geometry of the track over which they are passing. The on-board 
geometry system can compare the data gathered to the track datum 
design data to determine if defects are present. This is normally 
achieved by ‘filtering’ or removing unwanted wavelengths. Such trains 
could also be instrumented with ACFM sensors, recently investigated 
for their capability in high-speed inspection of RCF damage[10-16]. 
ACFM could be combined with existing UT and visual inspection 
systems to provide a holistic inspection of the rail structure.

Conclusions
Various AE and vibration analysis tests are currently carried out in 
order to assess a number of railway assets related to infrastructure. 
Provisional results generated as part of a number of different projects 
have revealed that both techniques are capable of identifying faults 
and damage evolution in various types of component. Moreover, 
there is clear evidence that RCM can be effectively integrated 
with high-speed inspection to improve reliability and increase the 
accuracy of the information generated with respect to the structural 
integrity of critical railway infrastructure components, minimising 

Figure 4. A failed rail pad

Figure 5. A cast manganese crossing with a crack developing              
                 Image courtesy of Caroline Higgins, Network Rail

Figure 6. One of Network Rail’s measurement trains   
                        Image courtesy of Network Rail
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Figure 7. The automated vision system placed on the  
undercarriage of the Network Rail measurement train   
              Image courtesy of Network Rail

disruption. Effective integration of RCM with high-speed 
inspection could result in a profound reduction of operational 
expenditure (OPEX) with very low levels of additional investment 
required comparatively.  
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Condition monitoring paper abstracts
The following papers have been published recently in a variety of peer-reviewed academic and scientific journals. Titles, authors, volume, 
issue and page references have been given, along with the abstract where available.

Marine engine-centred data analytics for ship performance monitoring

L P Perera and B Mo Journal of Offshore Mechanics and Arctic 
Engineering, Vol 139, No 2, 2017

This study proposes marine engine-centred data analytics as part of a ship 
energy efficiency management plan (SEEMP). The SEEMP enforces various 
emission control measures to improve ship energy efficiency by considering 
vessel performance and navigation data. The proposed data analytics are 
developed in the engine-propeller combinator diagram (ie one propeller 
shaft with a direct-drive main engine). Three operating regions from the 
initial data analysis are under the combinator diagram noted to capture the 
shape of these regions using the proposed data analytics. The data analytics 
consist of implementing Gaussian mixture models (GMMs) to classify 
the most frequent operating regions of the main engine. Furthermore, the 
expectation maximisation (EM) algorithm calculates the parameters of 
GMMs. This approach, also referred to as the data clustering algorithm, 
facilitates an iterative process for capturing the operating regions of the 
main engine (ie in the combinatory diagram) with the respective mean 
and covariance matrices. Hence, these data analytics can monitor ship 
performance and navigation conditions with respect to engine operating 
regions as part of the SEEMP. Furthermore, development of advanced  
mathematical models for ship performance monitoring within the 
operational regions (ie data clusters) of marine engines is expected. ©2017 
ASME.

An overview: modern techniques for railway vehicle on-board health 
monitoring systems

C Li et al Vehicle System Dynamics, Vol 55, No 7, pp 
1045-1070, 2017

Health monitoring systems with low-cost sensor networks and smart 
algorithms are always needed in both passenger trains and heavy-haul trains 
due to the increasing need for reliability and safety in the railway industry. 
This paper focuses on an overview of existing approaches applied to railway 
vehicle on-board health monitoring systems. The approaches applied in 
the data measurement systems and the data analysis systems in railway 
on-board health monitoring systems are presented in this paper, including 
methodologies, theories and applications. The pros and cons of the various 
approaches are analysed to determine appropriate benchmarks for an 
effective and efficient railway vehicle on-board health monitoring system. 
According to this review, inertial sensors are the most popular due to their 
advantages, which include low cost, robustness and low power consumption. 
Linearisation methods are required for the model-based methods, which 
would inevitably introduce errors to the estimation results, and it is  
time-consuming to include all possible conditions in the pre-built database 
required for signal-based methods. Based on this review, future development 
trends in the design of new low-cost health monitoring systems for railway 
vehicles are discussed. ©2017 Informa UK Limited, trading as Taylor & 
Francis Group.

Wind turbine blade radar signatures in the near field: modelling and 
experimental confirmation

M Crespo-Ballesteros 
et al

IEEE Transactions on Aerospace and Electronic 
Systems, Vol 53, No 4, pp 1916-1931, 2017

This paper presents the methods and results of modelling wind turbine 
dynamic radar signatures in the near field. The theoretical analysis begins 
with the simpler case of modelling wind turbine blades as rectangular 
plates. The theoretical radar signature for the wind turbine in the near field 
is formulated and its main peculiarities are investigated. Subsequently, the 
complex shape of the blades is considered and the corresponding radar 
signatures are modelled. Theoretical modelling is confirmed for both 
cases via experimental testing in laboratory conditions. It is shown that the 
experimental results are in good accordance with the theoretically predicted 
signatures. ©1965-2011 IEEE.

Cloud computing-based time series analysis for structural damage 
detection

L Yu et al Journal of Engineering Mechanics, Vol 143, No 
1, 2017

Structural damage detection (SDD) and online integrity assessment is one 
of the fundamental objectives in the field of structural health monitoring 
(SHM). Unfortunately, some of the existing SDD methodologies are time 
consuming and more efficient methods are needed due to the fact that 
some large complex structures are assessed in practice. In this study, cloud 
computing (CC) technology is introduced into the SDD domain in order 
to save on computational costs and to improve computational efficiency. 
The definition and application of CC are introduced. MapReduce is then 
described as its core technology and the Hadoop platform is adopted as 
its open source. Traditional time series analysis is separated into map 
and reduce function modules. In combination with Hadoop, a new CC-
based time series analysis method is proposed for SDD by combining CC 
technology with time series analysis and defining damage-sensitive features 
(DSFs). The performance and efficiency of the proposed CC-based SDD 
method is assessed by some numerical simulations for single and multiple 
damages of a two-story rigid frame and by a series of experimental data 
downloaded from the website of the Los Alamos National Laboratory 
(LANL), USA, for damage detection of a three-story building model under 
the linear and non-linear damage conditions of structures. The illustrated 
results show that the new CC-based SDD method can effectively locate 
structural damage and quantify its severity to some extent. It can save 
on computational costs and enhance the computing efficiency of SDD 
implementation. The more damage cases there are, the more significant the 
speed-up ratio is. It is more beneficial to the analysis and processing of the 
mega data measured on site in the SHM field. ©2015 American Society of Civil  
Engineers.

A fracture mechanics approach using the acoustic emission technique 
to investigate damage evolution in woven-ply thermoplastic structures 
at temperatures higher than glass transition temperature

B Vieille et al Composites Part B: Engineering, Vol 116, pp 
340-351, 2017

By means of a fracture mechanics-based approach, this work aims to 
investigate the damage evolution in five-harness satin weave carbon 
fabric-reinforced polyphenylene sulphide (PPS) structures at T > Tg (glass 
transition temperature) when matrix toughness is significantly enhanced. 
Structures with a quasi-isotropic stacking sequence and a single-edge 
notched geometry are characterised by an elastic-brittle response resulting 
from transverse matrix cracking and fibre breakage near the notch tip. 
Acoustic emission (AE) activity is associated with these primary damage 
mechanisms and the monitoring of AE signals is particularly relevant as it 
provides a reliable approach to quantify the strain energy release rate, GI , 
as a function of the cumulative acoustic energy, WAE . In order to examine 
the correlation between AE energy and fracture energy, the coefficients of 
the model have been identified from the set of experimental data for one 
given ratio, a

w
. It therefore appears that the cumulative AE energy can be 

used as a damage criterion to determine the damage tolerance (through 
the evaluation of fracture energy) of a thermoplastic-based composite 
material. In addition, the definition of a macroscopic damage variable based 
on stiffness measurements and the evolution of the cumulative AE events 
may be used to investigate the fracture sequence and the damage kinetics. A 
power law independent from the loading conditions can be identified and 
can therefore be used to assess the severity of damage during loading. Finally, 
the correspondence in damage evolution given by the experimental AE data 
at microscopic scale and a cumulated damage variable at macroscopic scale 
validates the ability of both approaches to quantify the degree of damage in 
fibre-reinforced polymer matrix composites (PMCs) and identify a critical 
threshold for damage initiation. ©2016 Elsevier Ltd.
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A data-driven probabilistic framework towards the in-situ prognostics 
of fatigue life of composites based on acoustic emission data

T Loutas et al Composite Structures, Vol 161, pp 522-529, 
2017

An innovative prognostic data-driven framework is proposed to deal with the 
real-time estimation of the remaining useful life of composite materials under 
fatigue loading based on acoustic emission data and a sophisticated multi-state 
degradation non-homogeneous hidden semi-Markov model (NHHSMM). 
The acoustic emission data pre-processing used to extract damage-sensitive 
health indicators and the maximum likelihood estimation of the model 
parameters from the training set are discussed in detail. In parallel, a Bayesian 
version of a well-established machine learning technique, ie neural networks, 
is utilised to approach remaining useful life estimation as a non-linear 
regression task. A comparison between the training, operation, input/output 
and performance of the two algorithms highlights their ability to offer reliable 
remaining useful life estimates that are conditional on health monitoring data 
from composite structures under service loading. Both approaches result in 
very good estimations of the mean remaining useful life of unseen data. It is 
concluded that NHHSMM is the preferable option, as it provides much less 
volatile predictions and, more importantly, is characterised by confidence 
intervals, which shorten as more data come into play, an essential trait of a 
robust prognostic algorithm. ©2016 Elsevier Ltd.

Performance-based health monitoring, diagnostics and prognostics for 
condition-based maintenance of gas turbines: a review

M Tahan et al Applied Energy, Vol 198, pp 122-144, 2017

With the privatisation and intense competition that characterise the volatile 
energy sector, the gas turbine industry currently faces new challenges of 
increasing operational flexibility, reducing operating costs and improving 
reliability and availability, while mitigating the environmental impact. In 
this complex, changing sector, the gas turbine community could address 
a set of these challenges by further development of high-fidelity, more 
accurate and computationally efficient engine health assessment, diagnostic 
and prognostic systems. Recent studies have shown that engine gas-path 
performance monitoring still remains the cornerstone for making informed 
decisions in the operation and maintenance of gas turbines. This paper 
offers a systematic review of recently-developed engine performance 
monitoring, diagnostic and prognostic techniques. The inception of 
performance monitoring and its evolution over time, techniques used to 
establish a high-quality dataset using engine model performance adaptation 
and the effects of computationally intelligent techniques on promoting 
the implementation of engine fault diagnosis are reviewed. Moreover, 
recent developments in prognostic techniques, designed to enhance the 
maintenance decision-making scheme, and the main causes of gas turbine 
performance deterioration are discussed to facilitate the fault identification 
module. The article aims to organise, evaluate and identify patterns and 
trends in literature as well as recognise research gaps and recommend new 
research areas in the field of gas turbine performance-based monitoring. 
The insightful concepts presented provide experts, students or novice 
researchers and decision-makers working in the area of gas turbine engines 
with the state-of-the-art for performance-based condition monitoring. 
©2017 Elsevier Ltd.

Modelling of predictive maintenance for a periodically inspected 
system

A Raza and V Ulansky Procedia CIRP, Vol 59, pp 95-101, 2017

Predictive maintenance (PM) includes condition monitoring and prognosis 
of the future system condition, where maintenance decision-making depends 
on the results of prediction. In this study, the modelling of PM is conducted. It 
is assumed that the system is periodically checked using imperfect measuring 
equipment. The decision rule for predictive check (PC) is formulated and 
expressions for calculating the probabilities of the right and wrong decisions 
are proposed. The effectiveness of PM is evaluated using the following 
indicators: average availability, average total downtime and downtime cost per 
unit time. Mathematical models are proposed to calculate the maintenance 
indicators for an arbitrary distribution of time to failure. The proposed 
approach is illustrated by determining the optimal number of PCs for a 
specific stochastic deterioration process. A numerical example illustrates the 
advantage of PM over corrective maintenance. ©2017 The authors.

Decision trees and the effects of feature extraction parameters for 
robust sensor network design

M Gerdes et al Eksploatacja i Niezawodnosc, Vol 19, No 1, pp 
31-42, 2017

Reliable sensors and information are required for reliable condition 
monitoring. Complex systems are commonly monitored by many sensors 
for health assessment and operational purposes. When one of these sensors 
fails, either the current state of the system cannot be calculated in the same 
reliable way or the information about the current state will not be complete. 
Condition monitoring can still be used with an incomplete state, but the 
results may not represent the true condition of the system. This is especially 
true if the failed sensor monitors an important system parameter. There are 
two possible ways to handle sensor failure. One is to make the monitoring 
more complex by enabling it to work better with incomplete data; the other 
is to introduce hardware or software redundancy. Sensor reliability is a 
critical aspect of a system. Not all sensors can be made redundant because 
of space, cost or environmental constraints. Sensors delivering significant 
information about the system state need to be redundant, but an error in 
less important sensors is acceptable. This paper shows how to calculate the 
significance of the information that a sensor provides about a system by using 
signal processing and decision trees. It also shows how signal processing 
parameters influence the classification rate of a decision tree and thus the 
information. Decision trees are used to calculate and order the features based 
on the information gain of each feature. During the method validation they 
are used for failure classification to show the influence of different features on 
the classification performance. The paper concludes by analysing the results 
of the experiments showing how the method can classify different errors with 
a 75% probability and how different feature extraction options influence the 
information gain. ©2017 Polish Academy of Sciences Branch Lublin. All rights  
reserved.

Condition monitoring of railway overhead lines: correlation between 
geometrical parameters and performance parameters

M Carnevale et al WCCM 2017 – 1st World Congress on 
Condition Monitoring, 2017

This paper investigates the correlation between the results of a diagnostic 
system for an overhead line, previously developed, tested and installed 
on both high-speed and commuter commercial trains, and the standard 
measures of overhead line geometry carried out by an inspection train. The 
diagnostic system proposed is rolling stock-based and adopts pantograph 
collector accelerations to calculate diagnostic indicators of the status of the 
overhead line. These indexes are computed by suitable algorithms in real 
time during the train run and compared with threshold limits. The set-up 
proposed is inexpensive and easy to install on commercial service trains and 
is aimed at marking an improvement on current time-scheduled methods 
for quality assessment of infrastructure.

Advanced signal processing techniques for wind turbine gearbox 
bearing failure detection

K Esmaeili et al WCCM 2017 – 1st World Congress on 
Condition Monitoring, 2017

It has been observed that premature wind turbine gearbox failure can occur 
after periods as short as five years, while the design life of a gearbox is 
expected to exceed 20 years. Most wind turbine failures have been found to 
be initiated at the bearings. The formation of white etching cracks (WECs) 
on the subsurface of bearings can occur after six months to two years of 
operation. WECs, which can eventually lead to spallation and catastrophic 
failure of the wind turbine gearbox, have been identified as one of the 
most severely damaging causes of failure in bearings. Recent research has 
suggested that electrical load is one of the key parameters affecting the 
formation of WECs. To investigate the characteristics and formation of 
WECs, a test-rig was designed at the University of Erlangen-Nuremberg. 
The rig facilitated the simultaneous data capture of vibration, electrostatic 
and acoustic emission through dedicated sensors. Signal processing 
techniques have been utilised to process and correlate sensor data in order 
to detect WECs before the final failure occurs and to trace back to earlier 
stages of propagation. This conference paper demonstrates the effectiveness 
of the suggested signal processing techniques, using multiple sensors, to 
detect and monitor bearing crack initiation and propagation.
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Analysis of acoustic emission data for structural health monitoring of 
engineering geometries

A A Ghouri and  
K J Kirk 

WCCM 2017 – 1st World Congress on 
Condition Monitoring, 2017

The aim of this research is to use the acoustic emission (AE) technique for 
structural health monitoring of engineering structures. Acoustic emission is 
a non-destructive technique that monitors defect creation within a material 
through the detection and analysis of elastic waves under load condition. AE is 
fundamentally different from other non-destructive testing (NDT) methods 
because it passively detects acoustic signals released from a material, whereas 
other methods require an energy input for the defect to be detected (ie X-rays 
and ultrasound). The technique can also allow defect source locating to be 
performed. This research paper includes monitoring of AE events using 
commercially available UT-1000 bulk acoustic transducers (from Physical 
Acoustics Ltd) and thin-film transducers, which is a new dimension in the 
field of structural health monitoring. The main aspects of this research 
include fabrication and characterisation of thin-film transducers, the 
design and development of an AE prototype system, the conducting of AE 
experiments on thin plate-like specimens, analysis of raw AE data collected 
from both types of transducer, using fast Fourier transform (FFT) analysis, 
wavelet analysis and plate wave analysis, AE source location in linear 
and trilateration patterns and the signal-to-noise ratio of the transducers  
used.

Characterisation and mapping of rolling contact fatigue in rail-axle 
bearings

I Corni et al Engineering Failure Analysis, Vol 85, pp 
617-630, 2017

This paper presents a new stage of ongoing research to fully characterise 
the rolling contact fatigue (RCF) damage observed in rail-axle compact 
tapered roller-bearing units (CTBUs). The bearings examined in this work 
have been removed from service following the identification of degradation 
using on-board condition monitoring techniques. The running surfaces 
of the bearings were examined and the damage fully characterised using 
a mixture of metallographic, surface profilometry and high-resolution 
micro-computed tomography (μ-CT) techniques. In this manner, the 
RCF was categorised by the initiation mechanism: subsurface or surface. 
This work has led to an increased understanding of the propagation of 
subsurface- and surface-initiated RCF and its implications for the life 
and condition of the bearing once failure has initiated. It was determined 
that the subsurface-initiated RCF damage was the first to occur in service 
and produced large craters on the running surface of the bearing. Once 
material was in this primary manner, further secondary surface-initiating 
RCF grew from the edges of the large craters. It was deemed that the deep 
primary subsurface RCF craters were more life limiting than the secondary 
surface damage. Maps of the damage were therefore created, allowing 
the two mechanisms to be examined separately, both visually and by 
quantitative parameters such as volume loss, area, depth, roughness, etc.  
©2017 Elsevier Ltd.

Broken rotor bar fault diagnosis in VFD-driven induction motors by an 
improved vibration monitoring technique

T Ch Anil Kumar et al International Journal of Performability 
Engineering, Vol 13, No 1, pp 87-94, 2017

Motor current signature analysis (MCSA) is a widely used condition 
monitoring technique for fault diagnosis of induction motor drives. The 
application of variable-frequency drives (VFDs) to operate induction 
motors is increasing day by day due to their high energy savings compared 
to conventional speed-varying devices, such as belt drives, gearboxes, etc. 
One of the limitations of the MCSA technique is its inability to detect the 
presence of an incipient level of single belief rule base (BRB) faults in VFD-
driven induction motors at light load conditions of up to 15%. Detection 
of this type of fault using current signatures requires expertise in signal 
processing techniques. Early detection of BRB faults can avoid the risk 
of consequent failures in induction motors. In this paper, additional fault 
frequency features have been proposed to detect the presence of single BRB 
faults using vibration analysis. The results have been validated at various 
light load conditions by comparing the vibration signatures of healthy and 
single BRB states of the motor. ©2017 Totem Publisher Inc.

Joint optimisation of replacement and spare ordering for critical rotary 
components based on condition signals to date

X Chen et al Eksploatacja i Niezawodnosc, Vol 19, No 1, 
pp 76-85, 2017

It is widely accepted that condition-based replacement can not only make 
full use of components, but also reduce inventory costs if the procurement 
of spare parts can be triggered upon accurate failure prediction. Most of 
the existing degradation or failure prediction models and approaches are 
population-based failures or suspensions; ie to predict the failure time of 
a component, there are some failure or suspension histories of the same 
or similar types of component that can be used as a reference. In practice, 
however, there exists the phenomenon in which the failure or suspension 
histories for some components cannot be used and all that can be utilised 
are the collected condition monitoring signals to date. In this case, it is 
difficult to accurately estimate failure time and probability. In this paper, 
a novel degradation prediction approach is introduced. Meanwhile, a new 
failure probability estimation function is developed based on component 
‘service time’ and ‘degradation extent’ simultaneously. Replacement and 
spare part ordering are then jointly optimised according to the estimated 
failure probability. The optimisation objective is to minimise the long-run 
cost rate. Two bearing datasets are used to validate the proposed approach.  
©2017 Polish Academy of Sciences Branch, Lublin. All rights reserved.

Wear state identification using dynamic features of wear debris for 
online purposes

Y Peng et al Wear, Vol 376-377, pp 1885-1891, 2017

Wear status identification, including wear rate estimation and wear mechanism 
assessment, can be performed using wear debris information. Although online 
monitoring methods have distinctive advantages over offline approaches, 
existing online monitoring methods provide limited features of wear 
particles and have difficulties characterising complex wear states. Most of 
them determine wear status based on changes in the wear rates and the wear 
mechanisms are not taken into consideration. Therefore, comprehensive wear 
state identification is a bottleneck in real-time machine health monitoring for 
condition-based maintenance. In order to further advance online monitoring 
technology, this paper, in a case study format, presents a new approach for 
wear state characterisation using comprehensive wear debris features. For this 
purpose, wear experiments were carried out on a four-ball rig and a particle 
imaging system was employed to capture videos of moving particles to acquire 
dynamic features. Based on this, wear particles were first counted to characterise 
wear rate. In this stage, a statistical clustering model was established using a 
mean-shift algorithm to categorise wear debris samples. A trend of wear state 
evolution was thus obtained. Secondly, the size, shape and colour of wear debris 
were extracted to identify particles into fatigue, sliding and oxides for wear 
mechanism analysis. The analysis results of wear mechanisms were related to 
the trend of the wear state. Correspondingly, a changing chart that contains the 
wear degree and wear mechanisms was drawn. Therefore, an online system has 
been developed to capture comprehensive particle information to assess the 
wear severity and mechanisms for in-depth wear analysis and full-life machine 
condition monitoring. ©2017 Elsevier BV.

Wind turbine blade monitoring with Brillouin-based fibre-optic sensors

A Coscetta et al Journal of Sensors, 2017 

Blades are one of the most important components in wind turbines (WTs), 
as they are the key component for receiving wind energy and have a direct 
influence on WT operational stability. As the size of modern turbine blades 
increases, condition monitoring and maintenance of blades become more 
important. Strain detection is one of the most effective methods for monitoring 
blade conditions. In this paper, a distributed fibre-optic strain sensor is used for 
blade monitoring. Preliminary experimental tests have been carried out over a 
14 m-long WT composite blade, demonstrating the possibility of performing 
distributed strain and vibration measurements. ©2017 Agnese Coscetta et al.

Increased plant availability and reduced maintenance costs by a smart 
and integrative condition monitoring system

A Shalaby et al AISTech – Iron and Steel Technology 
Conference Proceedings, Vol 3, pp 3505-3511, 
2017

No abstract.
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Electrostatic monitoring of a wind turbine gearbox on an oil-lubricated 
system

R Liu et al Proceedings of the Institution of Mechanical 
Engineers, Part C: Journal of Mechanical 
Engineering Science, Vol 231, No 19, pp 3649-
3664, 2017

The electrostatic sensing technique has been verified as a viable method 
for tribo-contact monitoring under laboratory conditions in previous 
investigations. This paper reports on the evolution of electrostatic 
monitoring on a real oil-lubricated wind turbine gearbox, using a modified 
oil-line sensor. In a nominal test and a ramp-up test, features were extracted 
and the presence of debris could be detected. The permutation entropy was 
further introduced in an accelerated life test. It can accurately reflect the 
wear condition of the gearboxes and detect faults earlier than conventional 
techniques and also has a better sensitivity and performance degradation 
trend than time-domain features. ©2016 IMechE.

A convolutional neural network-based feature learning and fault 
diagnosis method for the condition monitoring of gearboxes

L Jing et al Measurement: Journal of the International 
Measurement Confederation, Vol 111, pp 1-10, 
2017

Feature extraction plays a vital role in intelligent fault diagnosis of 
mechanical systems. Nevertheless, traditional feature extraction methods 
suffer from three problems, which are: the requirements of domain 
expertise and prior knowledge; sensitivity to the changes of the mechanical 
system; and the limitations of mining new features. It is attractive and 
meaningful to investigate an automatic feature extraction method, which 
can adaptively learn features from raw data and discover new fault-sensitive 
features. Deep learning has been widely used in image analysis and speech 
recognition with great success. The key advantage of this method lies in the 

ability of mining representative information and sensitive features from 
raw data. However, the applications of deep learning in feature learning 
for mechanical diagnosis are still few and limited studies have been carried 
out to compare the effectiveness of feature learning with various data types. 
This paper will focus on developing a convolutional neural network (CNN) 
to learn features directly from the frequency data of vibration signals and 
test the performance of feature learning from raw data, frequency spectrum 
and combined time-frequency data. Manual features from time domain, 
frequency domain and wavelet domain, as well as three common intelligent 
methods, are used as comparisons. The effectiveness of the proposed 
method is validated through PHM Data Challenge 2009 and a planetary 
gearbox test-rig. The results demonstrate that the proposed method is 
able to learn features adaptively from frequency data and achieve higher 
diagnosis accuracy than other comparative methods. ©2017 Elsevier Ltd.

A case study of sample entropy analysis to the fault detection of 
bearings in wind turbine

Q Ni et al Case Studies in Engineering Failure Analysis, 
Vol 9, pp 99-111, 2017

Rolling bearings are an important and fragile component in the wind 
turbine transmission system. The failure of rolling bearings is one of the 
most high-risk events and may result in unexpected economic loss. A 
proper condition assessment of rolling bearings, especially for early fault 
detection, is of great importance and becomes an urgent issue in the 
wind energy industry. In this paper, sample entropy is studied through 
the field data of a wind turbine transmission system measured from 
Lu Nan Wind Farm in China. Compared with several frequently used 
statistical indicators, sample entropy features advantages in detecting 
and evaluating the progress of early rolling bearing faults. The study 
shows that sample entropy is an effective and practical tool for condition 
monitoring of rolling bearings for a wind turbine transmission system.  
©2017 The authors.
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Full copies of the original patent documents can be obtained from:
n The British Library Patent Express, 25 Southampton Buildings, London WC2A 1AW. Fax: +44 (0)171 412 7930.
n US Patent Office, Scientific Library, 15th and East Streets, NW Washington, DC 20231, USA.
n The Japanese Patent Office, 4-3 Kaksumigaseki 3-chome Chiyoda-ku, Tokyo 100, Japan.

US 20170279167 
Liquid level sensor for battery monitoring systems
Date: 28.09.2017
Applicant: Flow-Rite Controls Ltd
Inventor: Mark Herrema
A liquid level sensor for a liquid electrolyte battery is provided. The 
liquid level sensor includes a probe having a reference electrode 
and an electrode array. The electrode array includes a plurality of 
electrodes that are serially disposed in a lengthwise direction of 
the probe. The reference electrode is capacitively coupled to each 
electrode within the electrode array, such that the probe provides 
a capacitance that varies when the probe is immersed in a liquid 
level that varies in relation to the probe. The liquid level sensor can 
alert a user of the need to refill the battery or alert a user of the need 
to refill the battery in the near future. The liquid level sensor can 
include a series of LEDs that selectively illuminate to indicate each 
such condition to the user.

US 20170276239 
Method and apparatus for transmission range monitoring
Date: 28.09.2017
Applicant: GM Global Technology Operations LLC
Inventor: Ronald F Lochocki Junior
A vehicle includes a prime mover, a transmission having an electronic 
transmission range selection (ETRS) system, a user interface device 
that generates an electric range selection (ERS) signal in response to 
a selected operating range and a controller. The controller processes 
the ERS signal and determines the operating range and executes a 
remedial control action when the incorrect power flow is detected. 
The remedial action may include interrupting the power flow. A 
control apparatus includes the user interface device and controller. 
A method includes determining if a power flow fault condition is 
present, including comparing clutches commanded on against a 
calibrated list of clutches not permitted to be on, and one or both of 
comparing a measured speed ratio to an expected speed ratio and 
comparing actual switch states of mode valves to states commanded 
by the ETRS system. The method includes executing the remedial 
control action when the incorrect power flow is detected.

US 20170284386 
Condition monitoring device and condition monitoring method 
for extracted-gas compression system, and extracted-gas 
compression system
Date: 05.10.2017
Applicant: Mitsubishi Heavy Industries Ltd
Inventor: Akihiro Nakaniwa
A condition monitoring device for an extracted-gas compression 
system including a compressor that increases the pressure of 
extracted gas includes: a sensor for detecting a state quantity of the 
extracted gas flowing into the compressor; an erosion progression 
level calculation unit for calculating an erosion progression level of 
the compressor on the basis of the state quantity of the extracted 
gas; and a service life evaluation unit for evaluating the service life 
of the compressor on the basis of the erosion progression level of 
the compressor.

US 20170292327 
Lateral motion control of drill strings
Date: 12.10.2017
Applicant: Hanno Reckmann
Inventor: Hanno Reckmann
A method of drilling a borehole in an earth formation includes 
deploying a drilling assembly including a drill bit and a drill string 
and performing a drilling operation according to one or more 
operational parameters to advance the drilling assembly through 
the formation, wherein performing the drilling operation includes 
rotating the drill bit and at least a portion of the drill string. 
The method also includes, during the advancing, monitoring 
a downhole condition, determining whether the downhole 
condition indicates at least one of a cuttings accumulation in the 
borehole and wear of a downhole component, and in response 
to the downhole condition indicating the cuttings accumulation 
or the wear, adjusting at least one operational parameter to 
induce or adjust an oscillating motion in the drill string, the 
oscillating motion causing at least one of a reduction in the 
cuttings accumulation and a reduction of wear of the downhole  
component.

US 20170316351 
Methods and systems for monitoring the condition of vehicle 
components from a nomadic wireless device or computer
Date: 02.11.2017 
Applicant: Ford Global Technologies LLC 
Inventor: Steven Yellin Schondorf 
A computer-implemented method for detecting the working 
condition of one or more vehicle components includes 
communicating with a cellular communication module in a 
vehicle over a telecommunications network. A vehicle component 
characteristic or identifier for the vehicle components is received 
over the telecommunication network. One or more operation 
status identifiers for the one or more vehicle components based 
on data from the vehicle is also received. A location for servicing 
or purchasing the one or more vehicle components based on the 
vehicle component characteristic or identifier is determined. A 
service status of the one or more vehicle components based on 
the one or more operation status identifiers is also determined. 
Based on the service status, a message including an identification 
of the vehicle components and a service or purchase location for 
the vehicle components is generated. The message is transmitted 
to a terminal for display.

US 20170310498 
System for building condition sensor monitoring and control
Date: 26.10.2017 
Applicant: Hartford Fire Insurance Company
Inventor: Michael Louis Brandman 
Apparatus and systems for providing home and building 
security and condition monitoring include a plurality of devices, 
including intelligent, multi-sensing, network-connected devices 
that communicate dynamically with each other and a remote  
server.
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EP 3236230 
System and method for condition-based monitoring of a gas 
turbine filter house 
Date: 25.10.2017 
Applicant: Gen Electric 
Inventor: Jose L Vega
In one embodiment, a computing device includes one or more 
processors configured to execute instructions that cause the one or 
more processors to acquire pressure data measured by at least one 
pressure sensor disposed proximate to a filter house in an intake of 
a gas turbine engine system, derive an airflow or an air mass flow 
through a duct of the intake using a thermodynamic model of the gas 
turbine engine system based at least on the pressure data, derive an 
intake pressure drop in the duct using at least the pressure data, derive 
a loss parameter of the filter house by combining the air mass or air 
mass flow, and the intake pressure drop, derive a pressure loss model 
based on the loss parameter over a period of time, and determine a 
condition of the filter house based on the pressure loss model.

EP 3226421 
Sensor data processing for condition monitoring systems
Date: 04.10.2017
Applicant: Simmonds Precision Products
Inventor: Travis Gang
A sensor system and method include first and second sensing 
elements, a digital sensor (12), a host computer (18) and a digital 
bus (22a). The first sensing element is configured to collect first 
sensor data and the second sensing element is configured to collect 
second sensor data. The digital sensor (12) includes a controller (28) 
that is configured to receive the first and second sensor data and 
process the first sensor data together with the second sensor data 
to generate processed data. The host computer (18) is configured to 
receive the processed data from the digital sensor (12) over the digital  
bus (22a).

EP 3239667 
An analysis system
Date: 01.11.2017 
Applicant: SPM Instr AB 
Inventor: Hedin Lars-Olov 
An apparatus for analysing the condition of a machine having 
a part rotating with a speed of rotation (fROT), comprising: a first 
sensor adapted to generate an analogue electric measurement signal 
(SEA) dependent on mechanical vibrations (VMD) emanating from 
rotation of said part; an analogue-to-digital converter adapted to 
generate a digital measurement data signal (SMD) in response to 
said received analogue electric measurement signal (SEA); a digital 
filter adapted to deliver a digital filter output signal; a digital 
enveloper adapted to generate a digitally enveloped signal (SENV) 
dependent on said digital filter output signal; an integer decimator 
adapted to perform a decimation of the digitally enveloped signal 
(SENV) so as to deliver a decimated digital signal (SRED1) having a 
reduced sample frequency (fSR1); a device for generating a position 
signal (Ep) having a sequence of position signal values (P(i)) for 
indicating momentary rotational positions of said rotating part; 
and a speed value generator adapted to establish at least two 
momentary speed values (VT1, VT2) based on angular distances 
(delta-FIp1-p2, delta-FIp2-p3) and corresponding durations (delta-
Tp1-p2, delta-Tp2-p3), wherein the speed value generator operates to 
establish further momentary speed values (fROT(j)) for the rotational 
part by interpolation; a fractional decimator adapted to perform 
a decimation of provided measurement sample values (Se(i), S(j)) 
dependent on said speed values (fROT(j)) so as to generate a second 
digital signal (SRED2, R) having a further reduced sampling frequency 
(fSR2 ); and an evaluator adapted to perform a condition monitoring 
function dependent on said second digital signal (SRED2).

US 20170313523 
Conveyor belt wear monitoring system
Date: 02.11.2017 
Applicant: The Yokohama Rubber Co Ltd
Inventor: Gang Hou 
Provided is a conveyor belt wear monitoring system capable of 
determining the wear condition of an upper rubber cover of a 
conveyor belt. When the conveyor belt is stopped, on the return 
side of the conveyor belt, a wear detector with a sensor unit 
corresponding to an upper cover rubber is disposed, the wear 
detector is controlled by a control unit to move across an entire 
length in a belt width direction and the distance from the sensor 
unit and a surface of the upper cover rubber is detected, the 
detected data is received by a calculation unit, and an amount of 
wear of the upper cover rubber is calculated on the basis of the 
received data.

EP 3236048 
A method for monitoring fuel actuation system health and EEC 
Date: 25.10.2017 
Applicant: United Technologies Corp 
Inventor: Martucci Angelo 
Systems and methods for monitoring fuel actuation system 
health are described herein. A method for monitoring fuel 
actuation system health may comprise: moving a metering valve 
from a first position to a second position; detecting a first travel 
distance of the metering valve; storing the first travel distance 
of the metering valve to memory to generate a first travel 
distance history; and determining a level of degradation of the 
fuel actuation system based on at least the first travel distance  
history.
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US 20170298595 
Surrounding monitoring device for work machine
Date: 19.10.2017 
Applicant: Komatsu Ltd
Inventor: Masaomi Machida 
A surrounding monitoring device for a work machine including a 
work device on an upper swing body includes: a plurality of cameras 
configured to acquire a surrounding condition of the work machine; 
an image processing unit configured to generate a bird’s-eye image 
based on images imaged by the plurality of cameras; a display unit 
configured to display at least one of either a single camera image 
imaged by one of the plurality of cameras and the bird’s-eye image; 
and a display control unit configured to display, on the at least one 
of the single camera image and the bird’s-eye image, distance guide 
information formed of linear parts with a predetermined length 
respectively extending perpendicularly to straight lines extending 
from a swing centre of the upper swing body to front-rear and 
right-left directions, and arc parts of concentric circles connecting 
end parts of the linear parts.

EP 3235705 
Railway vehicle state monitoring device 
Date: 25.10.2017 
Applicant: Nippon Steel & Sumitomo Metal Corp 
Inventor: Mizuno Masaaki 
The present invention provides a railway vehicle condition 
monitoring apparatus with which a determination can be easily 
performed without requiring a great deal of time and effort to 
adjust parameters for determining a vehicle condition such as a 
presence or absence of an abnormality of the railway vehicle. The 

railway vehicle condition monitoring apparatus of the present 
invention includes a detection device, which is configured to 
detect vehicle information represented by a wheel load or the like 
of a wheel included in a railway vehicle running on a railroad 
track, and a determination device including a classifier to which 
the vehicle information detected by the detection device is input 
and which is configured to output a vehicle condition such as 
the presence or absence of an abnormality of the railway vehicle. 
The classifier is generated by means of machine learning, which 
is performed by using training data of a railway vehicle of which 
the vehicle condition is known, the training data being the vehicle 
information and the vehicle condition which is known, the machine 
learning being performed so that when the vehicle information of 
the training data is input to the classifier, the classifier outputs the 
vehicle condition of the training data.

WO/2017/180008 
Smart spacer and method for overhead transmission line 
monitoring
Date: 19.10.2017 
Applicant: Siemens Aktiengesellschaft 
Inventor: Sergey Pavlovich Sobolev
The present invention provides a smart spacer for overhead 
transmission line monitoring suitable for measuring at least one 
parameter of the condition of the overhead transmission line. The 
smart spacer, wherein the spacer is adapted for bundling at least two 
conductors of the overhead transmission line, comprises at least one 
sensor placed on the spacer. The sensor is suited for measuring at 
least one parameter of the condition of the overhead transmission 
line and adapted to provide data, which comprises information 
about the measured parameter.

#EWSHM2018
BINDT is organising the 9th European Workshop on Structural Health Monitoring 
(EWSHM), taking place in the landmark glass skyscraper that is Beetham Tower, 
home of the Hilton Hotel, Manchester.

There will be multiple paper sessions in parallel, as well as poster presentations.

For further information, contact:
Conferences and Events Department, BINDT, Midsummer House, 

Riverside Way, Bedford Road, Northampton NN1 5NX, UK. 
Tel: +44 (0)1604 438300; Fax: +44 (0)1604 438301;  

Email: ewshm2018@bindt.org; Web: www.ewshm2018.com 

The British Institute of Non-Destructive Testing

The programme will include:

l	 Physical principles monitoring (mechanical, acoustic, optical, electric, etc)

l Signal processing (FFT, wavelet, PCA, pattern recognition, feature  
 extraction, etc)

l Multifunctional materials and structures (self-sensing materials,  
 novel energy storage systems, energy harvesting, self-diagnostic  
 structures, bio-mimetic, etc

l Modelling and simulation (digital twins, integration of data-driven and  
 physics-based methods, multi-physics multi-scale modelling  
 approaches, etc)

l Sensors and sensor networks (NEMS/MEMS, bio-inspired sensor networks,  
 remote and wireless communication, self-diagnostic networks, etc)

l SHM application (aerospace, marine, civil engineering, railway,  
 automotive, energy, medicine, etc)

l Emphasis on full-scale structural demonstration and applications.

EWSHM started in 2002 and has grown significantly over the years, becoming 
the strong counterpart to the International Workshop on SHM (IWSHM) held in 
Stanford, California, USA. The two recent conferences in Nantes (2014) and Bilbao 
(2016) were highly successful, involving almost 500 delegates and 20 industrial 
companies, and it is anticipated that the EWSHM2018 will prove to be just as 
popular. 


