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Abstract
Condition based monitoring (CBM) is a key
part of the term ‘Industry 4.0’ and offers the
ability to save costs through minimising repair
bills, maximising machine up-time and
improving production efficiency. IIR staff have
two decades of combined experience in CBM
research and present a set of lessons learned
that have implications for topics such as fault
detection, quality control and system
architecture.

Algorithms: Lesson 1

“Data first, algorithms second”

Talk to problem domain experts to learn about
what data can be captured. Non-invasive
vibration sensors were selected for the dairy
and marine projects. Cameras were selected
for quality control to identify visible detects.

It was found that faults/defects were
infrequent so a balanced dataset could not be
obtained. Two class or multi-class algorithms
could be ineffective here.

Algorithms: Lesson 2
“Applied machine learning is basically
feature engineering [1]”

This is a quote from Prof. Ng and it highlights
the need to really identify what features are
best at identifying faults or quality control
issues. Although the dairy and marine
projects used vibration, the data showed that
the dairy project needed only time domain
features whereas the marine project needed
wavelets (Fig 1) due to the diesel engine
complexity. As quality control was image
based, deep learning was chosen to select
features.

Figure 1: Well chosen features

Algorithms: Lesson 3
“We don’t have better algorithms, we just
have more data[2]”

Choose algorithms based on data availability
and label quality. All projects had large class
imbalances so one class classification
methods were selected. For the dairy project,
production came first and maintenance
second so well labelled data was rare, so
artificial training data was used. For marine,
engineer availability meant that accurate
labels were obtained. For quality control,
highly accurate labels were available.

Figure 2: One Class Classification

Architecture: Lesson 4

“Ant or elephant?

As shown in Fig 3, a typical CBM system
consists of four parts that are connected by
communication. The challenges that need to
be addressed when integrating the whole
system are also shown in the figures.
For example, when integrating the sensing
subsystem with the storage subsystem, we
need to balance the storage space and the
completeness of information, and also need
to consider the cost and reliability of the
communication.

Figure 3: Architecture of CBM system

Although the architecture is consistent, the
scale of the CBM system may be quite
different, which is mainly determined by the
application scenario.

As shown in Figure 4(a), the evaluation
system for predictive maintenance produced
by ST company is only 2mm x 10mm, but it
integrates all parts of the CBM. The sensors
include accelerometer, barometric pressure,
humidity, and so on. The storage is a 1Mbit
EEPROM and the processor is a Cortex-M4
MCU. The various parts of the system
communicate with one another via interfaces
such as SPI, I2C, UART, internal bus of MCU.

Figure 4(a): Embedded CBM integrated
system(2mmx10mm)[3]

But as shown in Figure 4(b), what we have
achieved in the EU-funded project is a very
large-scale CBM system. It is connected to a
number of industrial-grade vibration sensors,
HBM acquisition systems, Lenovo industrial
computers, 4G network transmission, cloud
storage systems, high-performance computer
systems and Tableau as user interfaces.

Figure 4(b): Large-scale CBM system with 
integrated cloud service and HPC system

The advantages of complex systems and
simple systems are as follows:

Complex systems

• High precision and reliable sampling

• Excellent denoising ability

• Scalable storage and computing(near-
real-time for High precision model)

• Provide access interfaces for different
user roles

Simple system

• Initial investment

• Easy to deploy

Applications

These lessons were derived from projects in
the table below. The marine project (IConIC)
is being launched Q3 2019. The dairy project
is at TRL 5 and the quality control project
requires more fundamental research.
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