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The data revolution



The ‘data revolution’
Traditionally, data has been a scarce commodity which, 
given its value, has been either jealously guarded or 
expensively traded. In recent years, technological 
developments and political lobbying have turned this 
position on its head. Data now flow as a deep and wide 
torrent, are low in cost and supported by robust 
infrastructures, and are increasingly open and accessible.

A data revolution is underway, one that is already 
reshaping how knowledge is produced, business conducted, 
and governance enacted, as well as raising many questions 
concerning surveillance, privacy, security, profiling, social 
sorting, and intellectual property rights. 

https://thedatarevolutionbook.wordpress.com/

“



*Industrial Digital Technologies (IDTs)



Cyber-physical systems

• Manufacturers focusing on 
integration of physical assets with 
digital/cyberspace to form cyber-
physical production systems

• Automation and local intelligence 
central to Industry 3.0

• System-wide intelligence at heart 
of smart manufacturing and 
Industry 4.0

Kusiak, A. (2018). Smart manufacturing. International Journal of 
Production Research, 56(1-2), 508-517.



Part of a 
smart 
environment

https://www.i-scoop.eu/industry-4-0/manufacturing-industry/



Smart manufacturing



Manufacturing is more 
than just putting parts 
together. It’s coming up 
with ideas, testing 
principles and perfecting 
the engineering, as well 
as final assembly.

“

https://www.oberlo.com/ecommerce-wiki/manufacturing



Manufacturing process

Large-scale manufacturing uses core assets, 
including assembly line processes and 
sophisticated technologies for the mass 
production of goods.

https://corporatefinanceinstitute.com/resources/
knowledge/other/manufacturing/



An example manufacturing process of high-value components (e.g. fabrication of 
metal components and assembly) - includes product life before and after

CNC – Computerised Numerical Control (production equipment controlled by software)
CMM – Coordinate Measuring Machine (inspection and testing)



Making manufacturing smarter

• In many ways, 
manufacturers have 
always been smart

• ‘Smart’ and ‘intelligent’ 
were terms used in 
Industry 3.0

• Move towards data-
driven smart 
manufacturing and 
Industry 4.0

https://www.sciencedirect.com/science/article/pii/S2666188820300162



https://www.ibm.com/uk-en/topics/industry-4-0



https://www.ibm.com/uk-en/topics/industry-4-0



https://ottomotors.com/blog/understanding-industry-4-0

Smart manufacturing aims to 
convert data acquired across 
the product lifecycle into 
manufacturing intelligence in 
order to yield positive 
impacts on all aspects of 
manufacturing.

“

Smart manufacturing, also 
known as Industry 4.0, refers to 
the next generation 
manufacturing paradigm that 
makes use of smart sensors, 
cloud computing infrastructures, 
AI, machine learning, additive 
manufacturing, and/or advanced 
robotics to improve 
manufacturing productivity and 
cost efficiency

“



Example data-driven 
smart manufacturing 
infrastructure



Building blocks
Data generation and connectivity using sensors and Industrial IoT



Industrial Internet of 
Things (IIoT)

• IoT devices contain embedded technology 
allowing them to sense and interact with 
their surroundings

• When applied to industrial systems 
referred to as Industrial IoT (IIoT)

• Bring opportunities to capture large 
amounts of data about industrial systems 
for monitoring and control

...the network of intelligent and 
highly connected industrial 
components that are deployed to 
achieve high production rate with 
reduced operational costs through 
real-time monitoring, efficient 
management and controlling of 
industrial processes, assets and 
operational time.

“



An example of an IIoT system https://medium.com/@jaydev_21091/industrial-internet-of-things-74a4ffb44679



Sensors

• Sensors are devices that 
measure something about 
their surroundings

• Sensor data sent to data 
acquisition system 

• Primary source of data in 
smart manufacturing 
systems

• Data acquisition devices 
(DAQ) and data transfer 
protocols fundamental to 
sensor systems



Machine tool health monitoring

• Machine tools are core of many 
manufacturing systems and failure can 
cause both irreparable damage and 
significant delays

• Monitoring the health of machine tools is a 
key activity of any smart manufacturing 
system

• Many different sensors could be used, e.g., 
bearings can be monitored using vibration, 
force and deformation sensing

• Application: ongoing monitoring and 
proactive maintenance activities https://www.sandvik.coromant.com/



Legacy devices and low-cost sensing

• Many SMEs unable to adopt 
Industry 4.0 and IIoT due to cost 
and use of legacy devices

• Can attach low-cost sensing 
systems to existing equipment to 
enable real-time monitoring of 
equipment effectiveness, machine 
condition, etc.

• Data acquisition can be provided 
by low-cost devices, such as 
Raspberry Pi

AMRC: Colchester Bantam lathe with a low-cost Industry 4.0 solution 



Smart hand tools
• Although robotics increasingly used, manually operated hand tools still commonplace

• Smart hand tools have elements of sensing and connectivity built in and can be combined with 
digital work instructions, e.g. intelligent torque wrench

https://www.facom.com/uk/products/Smart-Torque-Description.html



https://www.amrc.co.uk/files/doc
ument/260/1548081041_WHITE_PA
PER_AW.pdf



Wireless connectivity

• Further key aspect is connectivity

• Many manufacturing environments still reliant 
on physical connection between devices, but 
moving towards wireless networks

• WiFi limited in factories, therefore use of 
other technologies, such as Low-Power Wide 
Area Networks and 5th Generation mobile 
networks

• 5G viewed as more future-looking option

https://5gfof.co.uk/



Location tracking technologies

• Knowing the location of an object in a 
manufacturing environment can save 
significant time and cost

• Includes location of a component or 
part, as well as other assets essential to 
the manufacturing process

• Tracking technologies allow tracking at 
local level through to the global level

• Tracking technologies include:

• Barcodes and Quick Response (QR) codes

• Radio Frequency Identification (RFID)

• WiFi

• Bluetooth

• Global Positioning System (GPS)



https://www.hopelandrfid.com/industry-4-0-smart-manufacturing_n40

RFID could be used for

• Tracing raw materials 
and spare parts and 
updating inventories

• Automatic production 
control 

• Production data 
collection and analysis

• Product warehousing 
management within the  
factory



Standards and interoperability

The IIoT era integration standards landscape (Lu et al., 2020)

Lu, Y., Witherell, P., & Jones, A. (2020). Standard connections for IIoT
empowered smart manufacturing. Manufacturing Letters, 26, 17-20.



https://factoryplus.app.amrc.co.uk/



Building blocks
Data management and analysis using cloud computing, Big Data and AI



Cloud computing

• Enables businesses to outsource their IT resources

• Everything as a service model (IaaS, PaaS, SaaS)

• Benefits for smart manufacturing:

• Cost-effective and dynamic access to large amounts 
of computing power

• Almost immediate access to hardware resources 
without upfront capital investments

• Lower barriers to innovation 

• Easy dynamic scaling of enterprise services

• Enabling of new classes of applications and services



Fog and edge 
computing

• Issues with cloud computing can 
include bottlenecks, network 
unavailability and latency

• Fog and Edge computing can help by 
pushing processing and storage nearer 
to devices and reducing flows of data



Big Data Analytics

The performance logs from a 
single works machine can 
generate around 5 gigabytes 
(GB) of data per week, and a 
typical smart factory produces 
around 5 petabytes (PB) per 
week – that’s 5 million GB

https://www.techerati.com/the-stack-
archive/data-centre/2018/05/14/smart-
manufacturing-factory-automation/

“

https://docs.microsoft.com/en-us/azure/architecture/data-guide/big-data/



https://docs.microsoft.com/en-us/azure/architecture/solution-ideas/articles/iot-azure-data-explorer



Artificial 
Intelligence

The McKinsey Global Institute has found 
that robotics and AI technologies such as 
machine learning (which gives computers 
the ability to learn without explicit 
programming) have advanced to the point 
where it would be possible to automate at 
least 30 percent of activities in about 60 
percent of occupations in both the United 
States and Germany

(Breunig et al., 2017).

https://www.aitimejournal.com/@premlatha.kr/what-is-ai-in-a-simple-way

“



https://www.capgemini.com/research/
scaling-ai-in-manufacturing-
operations/



Predictive 
maintenance
• Predictive Maintenance (PdM) seen as 

a top use case for AI as: “the impact of 
maintenance represents a total of 15 to 
60% of the total costs of operating all 
manufacturing”

• Allows proactive rather than reactive 
maintenance 

• AI can be used to support common 
maintenance tasks, such as

• Fault diagnosis

• Predicting mechanical failures and 
Remaining Useful Life (RUL)

• Maintenance scheduling to support 
planned Equipment downtime



Identifying defects and quality control

• Drive in manufacturing for high 
quality processes and products

• Detecting subtle process 
parameters can help predict and 
prevent quality issues

• In-line visual inspection methods 
commonly used

• Widespread availability of high-
resolution cameras, coupled with 
powerful image recognition 
technology, has dramatically cut 
the cost of real time in-line 
inspection



Robots

• Advances in mechatronics, 
computing and communication 
technologies driving modern 
robotics and autonomous systems

• Standalone industrial robots first 
appeared in 1960s

• Recent advances include 
collaborative robots (‘cobots’) and 
mobile robots / automated guided 
vehicles



Building blocks
Beyond the physical world



Digital Twins

A live digital coupling of the state of a 
physical asset or process to a virtual 
representation with a functional output.

https://www.dhl.com/content/dam/dhl/global/core/documents/pdf/
glo-core-digital-twins-in-logistics.pdf

“



Extended reality
• Virtual reality provides fully 

immersive digital environment

• Augmented reality uses digital 
overlays of information onto the 
physical world

• Mixed reality combination VR and AR

https://blog.thomasnet.com/augmented-reality-manufacturing



Simulation
• Simulation in manufacturing can mean many 

things (Mourtzis, 2020)

• Simulating stresses on a part design 

• Simulating an assembly

• Simulating how the tooth of a tool interacts with 
the material being cut

• Simulating complete product production flow in a 
factory

• Simulating supply chain and logistics

Mourtzis, D. (2020). Simulation in the design and operation of manufacturing 
systems: state of the art and new trends. International Journal of Production 
Research, 58(7), 1927-1949.

https://www.amrc.co.uk/files/document/241/1542814525_AMRC_
BOEING_case_study.pdf





Opportunities and 
Challenges





Manufacturing 
is changing



Opportunities and challenges



Opportunities
“Manufacturing systems must be made more “smart” to achieve the all-round monitoring, 
simulation and optimization of production activities” Tao et al. (2018)

• Smart planning and process
• Smart product design
• Smart equipment maintenance 
• Product quality control 
• Manufacturing process monitoring
• Material distribution and tracking 



“

Challenges





https://hbr.org/2020/02/10-steps-to-
creating-a-data-driven-culture

Challenges



How big of a technology shift is this for 
businesses?

It’s like electrification. And it took 
about two or three decades for 
electrification to pretty much change the 
way the world was. Sometimes I meet very 
senior people with big responsibilities who 
have been led to believe that artificial 
intelligence is some kind of “magic dust” 
that you sprinkle on an organization and it 
just gets smarter. In fact, implementing 
artificial intelligence successfully is a slog.

Challenges - being realistic



• Adoption of advanced manufacturing technologies

• Growing importance of manufacturing of high value-added products

• Utilising advanced knowledge, information management, and AI systems

• Sustainable manufacturing (processes) and products

• Agile and flexible enterprise capabilities and supply chains

• Innovation in products, services, and processes.

• Close collaboration between industry and research to adopt new technologies

• New manufacturing management paradigms

Global manufacturing challenges



Barriers to 
becoming 
data-driven



Challenges

• Acceptance and change

• Integration

• Security

• Data infrastructure

• Re-skilling



Hot topics
• Legacy connectivity

• Standardisation of data models

• Digital twins

• Upskilling the workforce

• Data sharing and security

• Digital passport and certification

• Connected supply chain

• Human, cyber, physical collaboration



Future research – AI
• Deployment of AI (MLOps)

• Self-supervised and transfer learning

• Generating synthetic training data

• Learning on smaller datasets

• Explainable AI and trust

• Adoption and acceptance of AI

AMRC AI lead: Rikki Coles
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