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Summary
By using a condition monitoring analytics service, the
data acquisition and pre-processing may use standard
industrial components, this would be an alternative to
the high-end bundled HW/SW condition monitoring
systems. Your local supplier/integrator will be able to
install and maintain the local system consisting of the
sensor network, remote i/o and the industrial
computers running the pre-processing. The local
installation is thus completely stand-alone. For the
analytics part, the system is a cloud service in most
cases, but there are server based systems available as
well. The result is a “value for money” condition
monitoring system.

The Challenge
Condition monitoring of machinery has been around
for some time now, we have probably never had this
much data available. The challenge is to bring this data
flow to a system that can trend, learn, correlate, and
predict.

Applying proper condition monitoring to existing plants
and machinery has been challenging:

- Adding instrumentation with new sensors has been
relatively expensive, mostly due to installation cost

- The existing local control system should not be
touched

- Some of the sensors generate a lot of data
- Predictive systems with sufficient storage has been

extremely expensive

There are several providers of cloud based (or local)
advanced predictive systems, the analytics part is now
available as a service with a sensible price tag.

Condition Monitoring
CDP Studio for designing edge computing applications, like
preprocessing of high-speed data and incident logging.

No hardware vendor lock-in

Open interface to Analytics provider

Standard industrial sensors

New sensing options like video and sound

Wireless sensors reduce installation cost

Implementation cost vs performance
The key to a “value for money” condition monitoring
system is to limit the local hardware cost, i.e. sensors
and data acquisition. In practical terms this implies
increased use of wireless sensors and to stay away
from specialist sensors with dedicated, bundled
hardware. You still need hardware to bring your
monitoring data to the analytics provider, but this is
now viable to implement on standard industrial
computers.

Building a condition monitoring system with standard
industrial components may have some reduced
performance compared to the dedicated, bundled,
high-end condition monitoring systems, BUT at a
dramatically lower price tag. The ROI of even basic
condition monitoring measured in reduction of
unwanted production shutdowns and increased
maintenance intervals is a financial no-brainer
compared to fault detection only.

In the following example we describe how we can
combine the flexibility of CDP Studio to provide
monitoring data to an analytics service provider, in this
case Arundo (https://www.arundo.com/) , a provider
of machine learning software for industrial users with
specific expertise in edge computing applications. The
Arundo Edge Agent may run on the same IPC as the
CDP controller, so it is a nice combination. The
principles discussed here are however applicable for
most other analytics providers as well.
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Condition Monitoring

Sensors and Instruments
For condition monitoring we are looking for changes
and trends more than accurate instrumental
measurement, these features are possible to combine,
but will be very visible on the sensor price tag. The
concept of looking for patterns and changes is more
related to "Big Data" type of processing, hence the
need for a proper analytics provider. By adding
intelligence to the data processing, we may get away
with fewer and simpler sensors.

Pressure and temperature
The traditional sensors for pressure and temperature
are relatively slow, and perfect for wireless, battery
operated instruments. This saves significant
installation cost. There are multiple short range
industrial radio systems available. In addition will an
existing machine already have the instrumentation
necessary for operation, readings of these would be
possible to pick up from the operational control system
using Modbus or similar protocol interfaces.

Vibration & dynamic position
These sensors are the essence for modern condition
monitoring systems, the traditional control systems
had no way to cope with multiple streams of analogue
data with frequencies well into the kHz range.
Analysing this massive stream of data to get trending
and identify problem components, asked for specialist
systems, often bundled with vendor specific hardware.
For the high-end systems, like dynamic shaft position
mapping with proximity probes, this is still the case.
Standard vibration sensors and accelerometers are
however commodity items. At the same time we now
have standard industrial computers with the power to
process the data through application software, as

opposed to custom built embedded systems. Result:
Monitoring your rotating machinery to a level that
cover most of the cases is now possible with standard
components, at a significantly lower cost.

Power supply monitoring
Just by analysing superimposed voltage/current noise
on the power cables multiple conditions may be
detected in a comparable way to vibration, there are
some specialist condition monitoring suppliers that
uses this as the only sensing in addition to the
standard instrumentation. Apart from power surge and
phase information, this is still a specialist field, but the
sensors and signals has similar bandwidth
requirements as vibration and as such the industrial
computer is fully capable to pre-process and forward
to the analysing software.

Sound and vision
Condition monitoring analysis is the art of combining
data from multiple sensors to understand the state of
your machinery. Vision systems are now developing
rapidly due to the increased use of robotics and a
powerful industrial computer is the perfect tool, not
just due to the processing power, but because there is
now a lot of application software and function libraries
for vision processing available.

Sound is probably not so much used – yet, but
remember how the experienced engineers could hear
that something was amiss. The challenge is not so
much the interfacing and pre-processing of sound
patterns, but the fuzzy logic and machine learning
required to make sense out of it.

Cloud service or
local server

Local HMI

Sensor data
processing

Condition monitoring
dashboard

Wireless
sensors

Vision & sound
Industrial

standard sensors

Sensor
interface

Monitored machine

Wireless
gateway

Edge computing

Data analytics

Sensor network
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Edge computing
To bring the monitoring data to the analysing system,
we need to pre-process the data, as data analytics
systems can receive complex data, but not at a very
high refresh rate. By bringing computing power closer
to the sensor, we can take the high frequency
analogue signal and process it with e.g. FFT to add
frequency spectrum information to the RMS values.
The data bandwidth towards the analytics system is
still low, but the information value has increased by
magnitudes.

Bringing processing power closer to the sensors also
open for use of other high bandwidth sensors,
including sound and vision, areas where we will see
rapid development going forward.

CDP Studio is a suitable development platform for
edge computing systems (or “fog computing”), as the
CDP framework is designed for control signal
processing. Edge computing in the context of
condition monitoring may be summarised in the
following elements:

- Running on small controllers
- Handling multiple protocols
- Integration with special sensors
- Connecting “read-only” to the existing local control
- Logging raw sensor data (rolling)
- Adding an optional local display
- Processing of sensor data
- Implementing local control loops for alarming
- Input to the local control system

System example
Our focus is the edge processing part, but obviously
the interfacing to both the sensors as well as the
analytics service is vital for the overall system
performance.

We use the Arundo analytics system in this example,
as the “Arundo Edge Agent” is a software application
suited to run together with the CDP based edge
processing system
on the same Linux
industrial
computer. The
handover to the
analytics service is
then not even a
physical interface,
but directly
between the two
applications. The
key is that the high
frequency signals
are now
processed into
datasets with a
cycle of 1 Hz or

less; now suitable for digesting by the analytics
service.

Which sensors to use and how to interface them is
down to the automation integrator company delivering
the hardware and local solution. The freedom of
industrial computers is now visible; the CDP application
is an effective abstraction layer between the sensors
and analytics, but also adding local functions as
needed. This is where the competence of the local
integrator company adds value. CDP Studio comes
with a range of pre-integrated remote i/o, and
implementing specific interfaces is straight forward.

As pre-processing also imply losing data resolution,
one of the most important additional functions for the
CDP application is to provide means for high resolution
logging; a continuous log covering a predefined time
window is running in the application i.e. memory, but is
saved automatically in the case any predefined
conditions kick in. This way, “crash-data” will be
retrievable for detailed incident analysis.

You may also need a local display showing real-time
state of the local system or any warnings. This is
something the integrator can implement, tailored to
the actual machine, as this would be just standard GUI
configuration in the CDP Studio development tool.

The condition monitoring system should be separated
from the operation control system, but may share data
both ways. As the CDP controller has a library of
automation functions built in, a typical scenario is to
provide “virtual instruments” calculated from a
combination of the condition monitoring sensors input.
In a similar way you may provide alarms based on the
real-time monitoring data.

With edge preprocessing of the monitoring data, you
also have a single interface to the analytics provider,
i.e. your installation is very easy to adopt to different
analytics providers.

Condition Monitoring

Analogue and
digital instrument
values

Pre-processing of
high speed sensor
data

Communication
over protocols like
MQTT or Modbus

Processing:
- Control loops
- Calculations
- Machine state
- Alarms

Mapping to
Analytics system

High resolution
incident logging

Local GUI

Data analytics
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