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Introduction 
A recent (2018) report on the manufacturing industry saw 31% of manufacturing CEOs expecting 
artificial intelligence and machine learning to contribute to a reduction in operating costs. Perhaps 
one of the most direct ways by which this is occurring is the shift from a reactive handling of defects, 
breakdowns and scrap production towards a more proactive strategy. Backed by predictive 
analytics, this new paradigm of manufacturing seeks to avoid issues before they occur. Predictive 
maintenance, and the degree to which a manufacturer will be able to implement it within its 
enterprise in the course of its digital transformation journey, will be a determining factor in the 
success or failure of the enterprise at large. 

The idea behind predictive maintenance is by no means new. In fact, it dates back as far as the years 
of World War II, when developmental biologist and biostatistician C. H. Waddington, serving as the 
RAF Coastal Command’s scientific advisor, noticed that breakdowns are paradoxically more frequent 
after scheduled routine inspections on equipment. Regular scheduled maintenance, which did not 
take into account the use or condition of the equipment, actually increased the number of the 
unplanned defects it was supposed to prevent. By modeling the condition of equipment and 
adjusting maintenance schedules to reflect use, maintenance could take place when it was required, 
and both unplanned breakdowns and useless scheduled maintenance cycles could be avoided.  

The need for maintenance influences equipment reliability, unscheduled downtimes, equipment 
availability, production throughput and bottom-line profitability. Well-planned dynamic equipment 
management fulfills mission-critical objectives, and if implemented properly, predictive maintenance 
can greatly contribute to a manufacturing enterprise’s profitability by reducing both the frequency 
and severity of breakdowns and outages.  

The new data-based predictive maintenance path helps to take maintenance into the next level. This 
approach allows equipment to be monitored and supervised remotely, and possibly even repaired 
remotely. New business models can emerge where predictive maintenance is a natural part of selling 
high-value fixed assets/plant and equipment (P&E). Instead of a one-time transaction, sellers 
compete in providing more economical predictive maintenance services for their buyers, reducing 
overall cost of ownership and fostering a long-term, evolving relationship between buyer and seller.  

Buyers benefit from a seller having a profound economic interest in improving and maintaining their 
efficiency, while sellers benefit from an ongoing, evolving relationship with the customer that can 
gradually mature towards higher-value investments. To meet the challenges of Industry 4.0, the 
entire manufacturing industry must be prepared to harness its full wealth of data to power a 
transformation to smart factories where profit is created by data-driven efficiencies.  
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The Evolution of Equipment Maintenance 
Predictive maintenance is the fourth stage in the evolution of maintenance.  

Stage One - Reactive Maintenance 

Manufacturers with low maturity wait until a specific piece of equipment fails and then try to repair 
the part as quickly as possible. In the case of production equipment, this approach results in 
unscheduled downtime of unpredictable length, increasing operational risk and possibly incurring 
late-delivery penalties. Manufacturers may attempt to manage these risks by increasing stocks of 
spare parts to shorten the time to repair, resulting in capital expenditure and putting pressure on the 
company’s bottom line. 

Stage Two - Preventive Maintenance 

This approach involves replacing equipment components at regular intervals, either time- or usage-
based. While reducing the likelihood of unplanned failures, this approach relies on average or 
expected life statistics of equipment to predict when maintenance will be required rather than the 
actual condition of the equipment, and thus may result in over- or underreplacement. 

Stage Three - Condition Monitoring Maintenance 

More mature manufacturers monitor equipment for indications that a component may fail. With the 
development in sensor technology, manufacturers have transitioned from manual inspections to 
automated, continuous monitoring. Modern sensors can collect data on a wide variety of mechanical 
characteristics of production equipment, ranging from tension, vibration and load variability to  
optical cameras and infrared thermal cameras (FLIR), which can detect identify anomalies related to 
temperature. Condition Monitoring Maintenance, however, still does not guard against the twin 
dangers of unexpected failures and scrap production – it can only provide a relatively short warning 
period. 

Stage Four - Predictive Maintenance 

The predictive maintenance approach leverages the abundance of data generated by sensors to 
determine which equipment needs repair or replacement so that maintenance work can be better 
planned. Predictive maintenance has a significantly greater predictive horizon, and unplanned 
downtime becomes less frequent. This increases plant and equipment availability and reduces 
disruption in the production cycle. Reaching this level of maturity requires the right data alongside a 
trusted partner with the expertise to develop predictive models providing accurate and  actionable 
information about the likelihood of equipment failure. 
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Emerging Technologies in Predictive Maintenance 
Three technologies have led to the emergence of predictive maintenance: the Industrial 
Internet of Things (IIoT), Big Data Analytics and Edge Computing.  

Industrial Internet of Things 

The Industrial Internet of Things refers to interconnected sensors, instruments, and other 
devices sharing a network connection to the production management software. This 
connectivity allows for data collection, exchange and analysis, facilitating improvements in 
productivity and efficiency. 

Big Data Analytics 

The volumes of data created by sensors that return up to several hundred measurements 
per second requires experience with terabyte/petabyte-scale data and analytics. Building 
high-throughput message queues that allow this amount of data to be streamed to their 
destination systems, processing that data and running predictive algorithms that calculate 
breakdown risk requires the fusion of petabyte-scale data engineering capabilities with 
efficient and powerful data science skills that facilitate models capable of handling this 
volume of data.  

Results can then be aggregated and presented to decision-makers via dashboards or 
natural language generation. While Big Data has become somewhat of a buzzword, very 
few providers of Big Data analytics services have the capability and expertise to deal with 
the volumes and velocity of data that are common in large industrial applications. 

Edge Computing 

Edge Computing, a distributed computing paradigm, brings data storage closer to the 
location where it is needed. In contrast to cloud computing, edge computing refers to 
decentralized data processing at the edge of the network. IIoT requires an edge-plus-cloud 
architecture rather than one based on purely centralized cloud in order to transform 
productivity, products and services in the industrial world, since the volume of raw data is 
too big to be completely transferred. Edge computing allows edge nodes – right on the 
factory floor, close to the machines – to perform simple aggregative steps, reducing the 
volume of data in-flight and thus keeping expenses and network infrastructure load down. 

These technologies provide the connectivity, computational power, and data necessary to 
apply Artificial Intelligence and Machine Learning to predictive maintenance. 
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The Keys to Successful Predictive Maintenance 

Data strategy 

For building a new business model relying on predictive maintenance, it is always crucial to 
understand the strategic data management objectives the business must accomplish. Data 
strategy is integral to every organization’s operational plan and when done and executed 
well, it becomes a competitive advantage. Predictive maintenance relies on a well-designed 
data strategy that ensures the organization is extracting full value out of IIoT data and 
manages it in a way that makes it available for predictive analytics.  

Getting the infrastructure right 

Sensor data – fast, accurate, reliable and available – is the foundation of all predictive 
maintenance workflows. A bottom-up infrastructural review is often helpful to identify any 
shortcomings in the chain of communication. From the equipment-based high-frequency 
sensors to the edge nodes to an enterprise-grade message bus that connects sensors to 
edge nodes and edge nodes in turn to a central data hub, communication should be 
adequate to the volume and velocity of the data as expected. The central data hub is a 
redundant, fault-tolerant and secure data store where sensor data from the message bus 
and business data (from ERP and MES systems) can be stored, correlated, co-processed 
and analyzed.  

To implement a predictive maintenance system effectively, manufacturers need to map the 
parameters of failure for machines and create a blueprint for their connected system – the 
manufacturing assets and sensors, business systems, communication protocols, gateways, 
cloud, predictive analytics, and data communication/visualization. Partners with experience 
in enterprise architecture for predictive analytics are indispensable in such use cases. 

Applying Artificial Intelligence (AI) to predictive maintenance  

At first, most manufacturers take a rules-based approach to predictive maintenance. 
Sensors continuously collect data about equipment and send alerts according to 
predefined rules. With rule-based analytics, product teams work alongside engineering and 
customer service departments to establish causes or contributing factors to their machines 
failing. Thus, for instance, if the temperature in an injection-molding machine exceeds 
predefined levels, the system will send an alert to an operator dashboard and request that 
the issue be addressed ahead of failure.  

These rules provide a level of automated, predictive maintenance, but they are still 
dependent on an operations team’s understanding of the production process. In short, they 
fail to cover the Black Swans – the unknown unknowns, causes of defects that the 
operations team is unaware of. AI can cover the gap created by Black Swans.  
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By using machine learning algorithms to process historical data, predicting what will go 
wrong, and when, advanced AI algorithms can learn a machine’s normal behavior as 
represented in data, and use this as a baseline to identify and alert to deviations in real-
time. Because AI, especially representational learning (such as deep learning), generates its 
own representations based on historical data, it does not require pre-defined notions of 
what ‘erroneous’ behavior is. Thus, an AI-driven system can protect your business not only 
from the known issues but also from the ‘unknown unknowns’.  

Conclusion 
Implementing predictive maintenance requires significant investment in infrastructure, data 
management and human capital. However, the return of investment is rapid, and the benefits are 
manifold: 

• Reduced operational breakdown risk of mission-critical equipment, avoiding late-delivery 
fines and catastrophic breakdowns. 

• Increased rate of return on assets by predicting failures before they occur, thus reducing 
time out of operation. 

• Cost control of maintenance by enabling just-in-time maintenance operations and reducing 
unexpected maintenance expenses. 

• Lower customer attrition and improved brand image through higher reliability. 
• Just-in-time tool inventory management by estimating order dates for replacement parts 

based on predictive analytics. 

 

 

 

 

 

 

 

 

 

 

About Starschema 

At Starschema, we believe that data has the power to change the world and data-driven 
organizations are leading the way. We help organizations use data to make better business 
decisions, build smarter products, and deliver more value for their customers, employees and 
investors. We dig into our customers toughest business problems, design solutions and build the 
technology needed to compete and profit in a data-driven world. 


