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Executive Summary

The evolution of modern industry is being driven by the convergence of automation,
data intelligence, and ruggedised hardware. As manufacturing, logistics, and heavy
industry transition toward Industry 4.0, systems are no longer isolated, they are
interconnected, data-driven, and expected to operate continuously under demanding
conditions.

This shift places new demands on the underlying technology stack. Industrial systems
must deliver not only performance, but resilience, combining high-performance
embedded computing, durable human-machine interfaces (HMls), and secure
connectivity.

This paper explores the engineering principles required to support industrial
applications, from factory automation and robotics to smart infrastructure and heavy
industrial environments.

Industrial System Architecture

Engineered for reliability. Built for the real world.

ENVIRONMENTAL MACHINE DATA o1 SECURE
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The Industrial Environment: Defining Reliability

Industrial systems operate in some of the most challenging environments, where
reliability is measured in uptime, safety, and productivity.

Key environmental stressors include:
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e Thermal Extremes: Systems often operate across wide temperature ranges (e.g.
-40°C to +85°C), requiring thermal management and stable performance.

e Vibration and Shock: Machinery, transport systems, and robotics introduce
constant mechanical stress.

e Dust, Moisture, and Contaminants: Industrial environments demand IP-rated
protection against particulate ingress and fluid exposure.

e 24/7 Operation: Downtime directly impacts productivity, making system
reliability mission critical.

Engineering for industrial environments requires a holistic approach where mechanical,
thermal, and electronic resilience are designed in from the outset.

Built for Industrial Environments

ﬂlé TEMPERATURE RANGE
(€ -20°C to +70°C operation

WMNW*- VIBRATION & SHOCK RESISTANT
\ MIL-STD compliant

© DUST & WATER PROTECTION
IP65 / IP66 / IP67

M EMI/ EMC

Protection

@ 24/7 RELIABILITY
Designed for continuous industrial use

High-Performance Industrial HMls

The HMI is the primary interface between operator and machine, making usability and
durability equally critical.

Visibility in Challenging Conditions
Industrial displays must remain readable across diverse lighting environments:

e High-brightness displays (up to ~3,000 nits) for sunlight readability
e Optical bonding to reduce reflections and improve durability
e Wide viewing angles for multi-operator visibility

Reliable Interaction

Touch interfaces must perform consistently regardless of conditions:

e Glove-compatible PCAP touch for industrial operators
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e Wet-touch capability for environments with fluids or cleaning processes
e Impact-resistant designs for high-traffic or heavy-use areas
Ruggedisation
Industrial HMls are engineered beyond standard commercial grade:
e |P65/IP68-rated enclosures for dust and water resistance

e Shock- and vibration-resistant construction
e Longoperational lifespans aligned with industrial equipment

The Intelligent Core: Embedded Industrial Architecture

At the heart of industrial systems lies embedded computing, enabling real-time control,
automation, and data processing.

Processing Power ARM, Intel, or AMD platforms optimised
for real-time control
Form Factors SBCs, Box PCs, COM-based modules,

industrial rack-mounted servers, edge
servers, and ruggedised workstation-
class systems

gzl Fanless designs, shock/vibration

resistance, industrial compliance

Longevity 10 - 15 year lifecycle support for

industrial deployments

Key considerations:

e Real-Time Performance: Deterministic processing for machine control and
automation

e Fanless Operation: Eliminates mechanical failure points and prevents dust
ingress

e Compact Integration: Supports robotics and space-constrained machinery

e Scalable Compute Layers: Supporting architectures that combine embedded
controllers, edge computing nodes, and industrial server infrastructure for
distributed processing across factory floors and production networks

Alongside traditional embedded controllers and Box PCs, industrial computing
environments increasingly reply on rack-mounted servers and industrial-grade edge
servers to handle higher-level data processing, system orchestration, and plant-wide
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analytics. These systems are commonly deployed in control rooms, production
monitoring centres, and industrial data hubs where large volumes of sensor, machine,
and process data must be aggregated and analysed in real time.

This server layer complements distributed embedded systems on the factory floor by
providing centralised compute capacity for applications such as production scheduling,
digital twins, quality inspection analytics, predictive maintenance modelling, and
enterprise system integration.

In modern Industry 4.0 environments, this creates a hybrid architecture where Box PCs
and embedded controllers manage machine-level control, while rack-mounted servers
and edge computing platforms deliver higher-level intelligence, coordination, and long-
term data analysis across the industrial ecosystem.

Embedded systems act as the “intelligent core” enabling automation, precision, and
efficiency.

Embedded Industrial Computing
Powerful performance in compact, rygged form factors.

HIGH FANLESS COMPACT FORM LONG
PERFORMANCE DESIGN FACTOR LIFE-CYCLE

Intel, AMD, ARM Reliable operation in Optimised for space 10 - 15+ year
processing harsh conditions constrained installations availability

Connectivity & Data Integrity: The Industrial loT Framework

Industrial systems are increasingly connected, forming the backbone of smart
manufacturing and Industry 4.0.

e Protocol Diversity: MQTT, LoRaWAN, 5G, and industrial Ethernet enable flexible
connectivity

e Edge Computing: Local data processing reduces latency and enables real-time
decision-making

e Predictive Maintenance: Al-driven analytics identify faults before failure,
reducing downtime

e Edge-to-Cloud Integration: Hybrid architectures balance responsiveness and
scalability

review-displays.co.uk 01959 563 345 info@review-displays.co.uk



A Volex Company

Industrial loT architectures are increasingly supported by distributed compute
environments that include both embedded edge devices and centralised industrial
server infrastructure. This combination allows manufacturers to scale data processing
from machine-level control through to plant-wide analytics and enterprise integration.

The adoption of Industrial loT is a key driver of growth in industrial display and HMI
systems globally.

Signal Integrity and Interconnects

In industrial environments, system reliability often depends on the quality of physical
connections.

e EMI Shielding: Protects signals in electrically noisy environments

e Rugged Cabling: Overmoulded, high-flex, and IP-rated assemblies prevent
failure

e Secure Data Transmission: Ensures accurate communication between
sensors, controllers, and HMIs

Engineering interconnects as mission-critical components ensures system stability
under extreme conditions.

Lifecycle Management: Concept to Deployment

Industrial systems demand long-term reliability and scalability.

1. Rapid Prototyping: Validate designs using modular systems and in-house
engineering
2. Environmental Testing: Simulate thermal, mechanical, and EMI stresses

w

Deployment: Integration into production environments with minimal disruption
4. Obsolescence Planning: Ensuring component availability over extended
lifecycles

End-to-end engineering support, from concept to production, is critical for industrial
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Life-Cycle Support
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From concept to long-term support.
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CONCEPT & DESIGN PROTOTYPE & DEPLOYMENT & TESTING & OPERATE & OPTIMISE SUPPORT &
VALIDATION INTEGRATION COMMISSIONING UPGRADE

g O

@ Design expertise & engineering support
@ Environmental & EMI / EMC testing

@ Regulatory compliance support

@ Obsolescence management

@ Long-term availability & repair support

Compliance, Safety, and Industrial Standards

Industrial systems must meet rigorous global standards:

e CE/FCC Compliance: Ensuring safe and compliant operation

e SO 9001: Quality management systems for consistent production

e [SO 14001 /45001: Environmental and occupational safety standards

e Application-Specific Standards: e.g. EN50155 for transport-related industrial
systems

Compliance ensures reliability, safety, and global market readiness.

Compliance & Quality

Engineered to meet global standards.
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QUALITY EUROPEAN CERTIFIED COMPLIANT EN 61000-6-2
MANEGEMENT CONFORMITY COMPONENTS EMC IMMUNITY
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Conclusion: The Path Forward in Industrial Engineering

The future of industry lies in intelligent, connected, and highly resilient systems. As
factories evolve into smart, data-driven environments, the importance of robust
hardware infrastructure becomes increasingly critical.

By combining rugged HMIs, high-performance embedded computing, and secure
connectivity, industrial systems can achieve:

e |ncreased operational efficiency

e Reduced downtime through predictive maintenance

o Greater flexibility and scalability

e Multi-layered compute architectures spanning embedded controllers, edge
devices, and industrial server infrastructure for end-to-end operational
intelligence

Delivering these outcomes requires a move toward integrated, bespoke engineering
solutions, where every component, from display to interconnect, is designed for
performance, reliability, and longevity.

Review Display Systems: A Volex Group Company

As part of the Volex Group, Review Display Systems provides industrial customers with
fully integrated hardware solutions spanning displays, embedded systems, loT
platforms, and interconnect technologies.

With expertise across industrial automation, robotics, and smart manufacturing, RDS
delivers tailored solutions engineered to withstand harsh environments while
optimising performance and efficiency.

Through a vertically integrated approach, combining UK-led design with global
manufacturing capabilities, RDS supports customers across the entire product
lifecycle, from concept and prototyping to high-volume production.



