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Condition-based Monitoring (CbM) and Predictive Maintenance (PM) are two maintenance strategies which aim at optimizing
equipment efficiency and reducing service timing and costs during equipment lifecycle.

Condition Monitoring (CM) is the monitoring of several parameters such as equipment vibration and temperature to identify
potential issues such as misalignments or bearing failures. Condition monitoring tools can, for instance, map equipment
degradation when a vibration analysis shows a change in the harmonic frequency of rotating equipment components.
Frequency analyses can be based both on vibrometer and microphone data.

Also MCSA (Motor Current Signal Analysis ) is used as technique that is complementary with respect to Vibration Analysis. It
offer benefits and works better on some specific anomalies like unbalance.

Continuous Condition Monitoring techniques can be applied on several pieces of equipment such as compressors, pumps,
spindles and motors and can also be implemented to identify partial discharge on machine or vacuum leaks.

Predictive Maintenance is based on Condition Monitoring, anomaly detection and classification algorithms, and integrates
predictive models which can estimate the remaining machine runtime left, according to detected abnormalities. This

approach uses a wide range of tools, such as statistical analyses and Machine Learning to predict the state of the equipment.

CONDITION BASED MONITORING TYPICAL APPLICATIONS
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ST'S PORTFOLIO FOR CONDITION MONITORING AND PREDICTIVE MAINTENANCE IN
INDUSTRY 4.0
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Condition Monitoring and Predictive Maintenance are value-added yet challenging applications in Industry 4.0. ST has
therefore deployed advanced ICs and an ecosystem of evaluation tools, software, documentation and online dashboards for
remote monitoring, which are continuously updated to be in keeping with industrial needs.




ARCHITECTURE AND MAIN ELEMENTS: SMART SENSOR NODES AND GATEWAY

From designing smart sensor nodes and configuring embedded software running in sensor nodes and the gateway, to
developing software to be integrated in the Cloud or company Enterprise Resource Planning (ERP) system, Predictive
Maintenance requires a variety of skills and competencies. Machine Learning and Artificial Intelligence algorithms can be
implemented to ensure technical abnormalities are detected early and equipment uptime is maximized

Today market is mainly segmented in:
¢ New equipment (greenfield): Integration possible with power supply and existing sensors
e In-field maintenance (retrofit): Battery-powered simplifies installation
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Smart sensor nodes are key enablers of predictive analysis. They gather and log pre-processed, secure data to be displayed
in visualization tools and used in other processing algorithms. Smart sensor nodes can also process data and detect
anomalies by reducing computational latency. For example, smart sensor nodes can detect a small rise or a sudden increase in
temperature indicating a probable device issue and future reliability problems.

Gateways are either implemented to collect and process data from several smart sensor nodes or to act as a connectivity
bridge to enable secure connection to the cloud using ethernet, Wi-Fi, cellular or LPWAN technologies.

Edge processing combines and distributes processing power among smart sensor nodes and gateways with the aim

of sending the right data at the right time to enterprise-level systems where more advanced analyses can be performed.
Processing at the Edge can also use Machine Learning and Artificial Intelligence (Al) algorithms to enhance smart sensor node
and gateway mission profiles and to broaden the scope of anomaly detection and classification.
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ST SENSORS FOR INDUSTRY 4.0 - A COMPLETE PORTFOLIO

ST offers high-performance, cost-competitive sensors and Inertial Measurement Units (IMUs) with 10-Year Product Longevity
Commitment, including Vibration Sensors and ultra-sound analog microphones enabling vibration analysis from simple Pass/
Fail monitoring to high-accuracy, frequency-based data analysis. Our portfolio also includes a wide range of environmental
sensors for temperature, humidity and pressure sensing and smart MEMS Sensors with advanced programmable digital
features such as Finite State Machine and the Machine Learning Core. Thanks to Unico-GUI framework, smart sensors can
be programmed to identify patterns implementing Al algorithms (decision tree) in a local classification engine. This offloads
computation from the main controller, allowing it to focus on high level processing and enables the possibility to explore more
power efficient architectures, bringing unprecedented value also in terms of overall system cost.
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ST offers a large portfolio of STM32 Arm® Cortex® from MO to M7-based microcontrollers addressing many different markets.
The STM32 products can be effectively used to develop embedded Al solutions, thanks to the STM32 Al framework, and
thanks to a broad ecosystem of Partners to ease the implementation of Predictive Maintenance algorithms on MCU and MPU
edge devices.
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Condition Monitoring and Predictive Maintenance systems include a several smart sensor nodes in the equipment, which are
directly connected to the cloud or connected via intermediate gateways. Computation is performed inside the smart sensor
or on the local microprocessor, either in gateways or in the cloud, depending on the expected latency and on how far the raw
data and processed data are sent over connectivity. Edge processing occurs when the computation of data is carried out
directly in the smart sensor node or at the gateway, in order to save power consumption and ensure data is kept confidential,
allowing companies to analyze critical information at the node level and to reduce anomaly detection time. Combining edge
and cloud computing technologies could help to develop predictive maintenance techniques and enhance their efficiency and
effectiveness. Indeed, working on data at the edge, close to the sensor, allows companies to detect machine deterioration at
the node level and to take immediate and informed corrective actions, thus preventing further damage and machine failures.
Long-term analysis and actions to determine trends and optimize local analysis models can be managed on the cloud,
enabling more complex analytics on large amounts of pre-processed data coming from multiple nodes.

Benefits of Edge processing:
Confidentiality: data is not sent to the cloud and is locally stored on the device or the equipment

Cost reduction: latency and throughput of high-volume time-series asset data is significantly optimized. Reducing the
amount of useless machine data sent and stored in the cloud leads to significant benefits, as it enables real-time distributed
applications and eliminates the need for complex systems.

Lower latency: minimal delay in the repair of equipment is essential for assets which are mission-critical.

Processing at the Edge can also use Artificial Intelligence (Al) such as Machine Learning (ML) algorithms to enhance smart
sensor node and gateway mission profiles and to broaden the scope of anomaly detection and classification.
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NanoEdge™ Al Studio* (NanoEdgeAlStudio) is a new Machine Learning (ML) technology

to bring true innovation easily to the end-users. In just a few steps, developers can

create an optimal ML to adress anomaly learning, detection and classification, regression NANOEDGE Al @
and outliers library for their project, based on a minimal amount of data. NanoEdge™ w
Al Studio makes it easier for users to integrate such cutting-edge machine-learning STUDIO
capabilities quickly, easily, and cost-effectively into their equipment. No Machine learning

or data-science expertise is needed.

*It is available under 3-months evaluation license for free experiments, for more info (hyperlink to https://www.st.com/en/development-tools/nanoedgeaistudio.




CONNECTIVITY SOLUTIONS CURRENT SENSE

Connectivity is an increasingly important aspect of condition monitoring, as data is only useful if it can be actioned. Wireless
connectivity technologies have developed enormously in recent years, spurred on by the 0T and, now, the Industrial IoT (lloT)
which is primarily where condition monitoring resides. A range of wired and wireless communication solutions complement

our offer: 10-Link-compatible devices for industrial wired connectivity, and a portfolio of wireless technology such as Bluetooth
Low Energy SoCs and network processors, as well as LPWAN SoCs and transceivers supporting LoRa, Sigfox and license-free
ISM and SRD frequency bands.

ST's current sense amplifier IC portfolio offers a large variety of high-performance devices. Current sensing solutions add
valuable safety and protection features to system designs. They provide information to control current in power systems and
avoid overheating and short circuits, enabling Motor Current Signal Analysis with specific processing like FFT Advantages are
complementary respect to Vibration Analysis.
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POWER MANAGEMENT

ST is a leading supplier in power management and mixed-signal ICs for mobile applications, offering a wide range of products
from simple power management ICs up to highly-integrated devices that mix power management blocks with advanced analog
and digital functionalities.
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ST offers a broad range of solutions. Solutions are presented as a set of products that enable our customers to deliver best
performance with cutting edge technology in their application domain. Our solutions are offered at many different levels,
varying from basic functional elements of an application to entire subsystems where appropriate.

FROM CBM TO PDM FOLLOW YOUR PATH WITH ST SOLUTIONS Each solution is accompanied by a solution evaluation kit, allowing rapid evaluation of the products, within a proven design, in

ST provides different hardware and software solutions to help designers in their job. Starting from the Product Evaluation order to accelerate your prototyping and development process.
Boards, that can be used to perform a comprehensive evaluation of ST’s products, arriving to the Solution tailored to exploit
one or more features of the application with a kit of HW and SW packages.

Particularly for Condition Based Monitoring, the set of tools allow to move step by step along the development flow.
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Condition

Monitoring
HW Component SW Component
STEVAL-STWINKT1B DSH-PREDMNT
STEVAL-STWINWFV1 FP-IND-PREDMNTH1
P-L496G-CELLO2 STSW-STWINCELL

SL-PREDMNT-S2C

A Condition monitoring sensor to cloud for vibration analysis with
WIFI and Cellular Connection
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A Condition monitoring sensor to cloud for vibration analysis with
WIFI and Cellular Connection

Condition Anomaly detection

Monitoring @ the Edge
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DSH-PREDMNT2
NANOEDGE Al Studio

NANOEDGE Al
STUDIO

Anomaly Detection with NanoEdge Studio
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