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In today's hyperconnected world, the manufacturing industry is at the forefront
of a data revolution. Continuous streams of information flow from every corner
of global operations, providing real-time insights around the clock. This influx
of data has set the stage for a transformative shift in industrial processes,
ushering in the fourth industrial revolution, known as Industry 4.0 or 4IR.

Industry 4.0 represents a transformative shift in how manufacturing operations
are conducted. This paradigm shift is characterized by the integration of
advanced digital technologies, such as the Internet of Things (loT), artificial
intelligence (Al), machine learning (ML), advanced analytics, and many other
emerging technologies into industrial processes. Industry 4.0 allows for smart
manufacturing and the creation of intelligent factories, by creating
interconnected and intelligent products, ultimately leading to enhanced
efficiency, productivity, and flexibility in manufacturing.

The manufacturing industry is grappling with challenges impacting
productivity, quality, and competitiveness. Inadequate sales process
improvements, absence of predictive analysis systems, delays in maintenance,
issues with quality control, and growing sustainability pressures are among the
key pain points. However, the emergence of Industry 4.0 technologies presents
an opportunity to address these challenges head-on.
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The benefits of implementing industry 4.0 are clear - increased efficiency,
higher quality, greater flexibility, and a stronger competitive position in
the global manufacturing landscape. By proactively embracing Industry
4.0, manufacturers can future-proof their operations and position
themselves for long-term success in an increasingly digital world.

Through the Global Lighthouse Network (GLN), a research collaboration
between the World Economic Forum and McKinsey on the future of
production and the 4IR, 153 sites around the world from different
industries have been identified as “lighthouses’, having successfully
transformed their factories through Industry 4.0. Lighthouses are
manufacturers showing leadership in applying 4IR technologies at scale
to drive step-change financial, operational and sustainability
improvements by transforming factories, value chains and business
models.




Synopsis

In this whitepaper, we explore how emerging technologies are transforming
the manufacturing of conveyor belts, a ubiquitous product used across
industries such as mining, food production, and airports.

The use cases detailed here empower manufacturing CIOs, particularly those
in the conveyor belt sector, to envision how these technologies can improve
sales, predictive maintenance, and the overall production cycle of conveyor
belt manufacturing. This insight equips them to make informed decisions that
align with Industry 4.0 advancements.

Drawing from practitioner experience, this whitepaper offers insights into the
transformative potential of Industry 4.0 technologies.
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Industry 4.0 represents the fourth stage of the industrial revolution,
characterized by the digital transformation of manufacturing processes. This
era is defined by the adoption of cutting-edge technologies such as the
internet of things (IoT) and connected networks, big data, artificial
intelligence (Al) and machine learning (ML), advanced analytics, and robotics
& automation. By digitizing business processes, industry 4.0 enables data-
driven decision-making, providing insights, key performance indicators (KPIs),
and significant benefits.
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Industry 4.0 aims to achieve the "Last Mile" in manufacturing, driving revenue
growth, cost control, and increased profitability. According to industry
statistics, manufacturing companies implementing industry 4.0 technologies
target significant cost savings and efficiency improvements.

Manufacturing KPIs (Metric) Typical Savings Range
Productivity Improvement 8% to 15%

Through Put Improvement 15% to 25%

Waste Reduction 30% to 40%

Inventory Reduction 10% to 20%

Energy Savings 15% to 25 %

Overall Cost Savings 10% to 15%

The digital era is revolutionizing the manufacturing industry, impacting
everything from product design and manufacturing to sales and service.
In the context of conveyor belt and power transmission belt industries,
several key use cases illustrate how these advancements can be
implemented to drive efficiency and innovation.
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Use Case 1 AI—_A‘\Ssi"si!ed gg")';ﬁ
Chatbot for Sales or Service \ /
Order

Problem Statement

The traditional distributor channels are gradually being replaced by
omnichannel models that include online direct-to-consumer (D2C)
ordering. With multiple online platforms such as B2B marketplaces,
company eCommerce websites, and mobile eCommerce apps, there is a
need to enhance the customer experience and streamline the order
placement process.

Solution

Introducing an Al-assisted digital assistant or chatbot can significantly
improve the customer experience on eCommerce apps or websites. By
providing personalized and guided interactions, the Al chatbot can
efficiently capture customer requirements, reducing the risk of data
leakage or missing information. Utilizing Natural Language Processing
(NLP) technology, the Al chatbot can offer human-like responses and
recommend the best product choices based on customer inputs.
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The Al chatbot facilitates the order placement process by asking the
customer a series of questions:

Select new order or repeat

If repeat, scan earlier barcode or update batch
Confirm belt type

Confirm belt sizes

Input order quantity

Confirm delivery location

ov AW

For repeat customers, the chatbot will recommend new belt choices
based on previous purchases and allow for modifications. For new or
first-time orders, additional inputs are required, such as: a) Purpose or
Belt Usage (e.g., Food, Metal, Baggage) b) Category (e.g., Conveyor,
Power, Timing) ¢) Belt Type (e.g., Fabric, Rubber, Modular, Timing) d)
Shape (e.g., Flat, Round, V, Endless).

The system will then enable better product search and choice
recommendations, including the best prices and available discounts,
before finalizing the order.

For maintenance or breakdown service bookings, the Al chatbot can
assist with priority status (e.g., immediate attend for breakdown, just
noticed trouble), details of the issue observed, appointment booking
for servicing, service price listing or AMC price if applicable.

Benefits

The Al-assisted chatbot simplifies the order booking process by
providing a personalized and efficient customer experience. It ensures
accurate data capture, offers tailored product recommendations, and
enhances overall customer satisfaction. This leads to increased sales
opportunities and improved lead generation.
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Problem Statement

Remotely managing and maintaining individual belt machines or groups
of machines, such as conveyors, escalators, material handling equipment,
lifts, motors, and pumps, within a building or factory can be challenging.
Simultaneously monitoring the health of these critical belts and predicting
early failures to prevent downtime and costly repairs is essential.

Solution

By implementing IoT sensor devices connected over a secure Wi-Fi
network, belt machines can be remotely monitored. These sensors
transmit performance data to an loT hub or data platform, enabling real-
time monitoring of belt health. Using advanced analytics techniques, this
data can predict early failures and trigger necessary measures based on
early alerts.

Key performance data that can be monitored include running speed of
the belt, total run hours, total stoppages, total slippage, noise levels,
temperature at different times, vibration levels, belt tension etc. By
analyzing these running conditions, it is possible to predict belt failure
chances and remaining shelf life. Advance alerts can then be sent to plan
for repairs and replacements, ensuring minimal downtime and
maintaining operational efficiency.
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This information can also be utilized for early demand sensing,
predictive maintenance planning, and inventory management. For
instance, depending on the terms of the Annual Maintenance
Contract (AMC), either replacement or service can be arranged in
advance.

Benefits
The key benefits include:

Reduced downtime: Predictive maintenance helps in minimizing
unexpected breakdowns and operational disruptions.

Cost savings: Early detection of issues allows for timely repairs or
replacements, reducing repair and replacement costs.

Enhanced efficiency: Continuous monitoring and data-driven
decision-making improve overall equipment efficiency and longevity.

User satisfaction: Proactive maintenance and timely service reduce
user dissatisfaction caused by equipment failures.
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Use Case 3: ML-Based Vision
System for-Conveyor Belt/Inspection
& Early-Maintenance Alerts

Problem Statement

In both end-user locations and belt manufacturing facilities, conveyor
belts are traditionally inspected manually by operators at regular intervals,
such as the start and end of shifts. Despite these inspections, breakdowns
and defects often go unnoticed until they cause significant downtime.
Manual inspections are prone to human error and may not detect early
signs of failure.

Solution

An Industry 4.0 solution involves implementing an ML-based vision
system. High-speed cameras continuously capture real-time images or
video recordings of the conveyor belts. These visual feeds are connected
to a data platform, where each frame is processed using image analytics
techniques and ML algorithms to detect anomalies, clustering, and
segmentation. The system checks for failure conditions such as cracks,
damage, spillage, color changes, misalignment, and slippage, generating
early warnings and signals for operators to take necessary actions.
Additionally, root cause analysis can be conducted to prevent belt defects
during the manufacturing process.
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Benefits

Early Detection: The vision system provides real-time monitoring and
early detection of belt issues, reducing the risk of unexpected
breakdowns.

Reduced Downtime: By addressing issues proactively, the system helps
minimize downtime and maintain continuous operations.

Improved Accuracy: Automated inspections eliminate human error,
providing unbiased and consistent monitoring.

Enhanced Safety: Continuous monitoring in critical places such as
airport baggage handling, logistics parcel handling, food processing
units, and underground mining ensures operational safety.
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Use Case 4: Online Process &
Quality 4.0 System in Belt
Manufacturing

Problem Statement

Belt manufacturing involves various complex processes, including
calendaring, coating, reinforcement, lamination, embossing, heating,
curing, slitting, trimming, punching, welding, and final inspection. While
these processes are heavily automated, production challenges such as
quality issues, material rejections, and wastages persist. Current quality
control checks are sample-based and conducted in laboratory conditions,
resulting in post facto defect analysis rather than real-time continuous
monitoring.

Solution

An online Process & Quality 4.0 system can address these challenges by
integrating various data sources and employing advanced analytics to
provide real-time insights and predictive capabilities. This system captures
and analyzes process and quality data from loT sensors, PLC automation,
HMI data loggers, and eLog Books. By connecting these subsystems to a
dedicated OT network, data can be collected and stored on a cloud or
on-premise data platform or historian. Advanced Al/ML functionalities
then analyze this data to generate insights, alerts, and instructions for
operators.

SONATA
[mmrm Industry 4.0: How Digital-Led Manufacturing Transforms Business Operating Models

SONATA SOFTWARE




(I

SONATA SOFTWARE

Industry 4.0: How Digital-Led Manufacturing Transforms Business Operating Models

For instance, the system continuously monitors parameters such as
belt temperature, thickness, pressure, tension, and humidity. It
performs segmentation and correlation analysis of individual
parameters in real-time to understand their impact on the final
product quality. Specific insights are predicted in real-time, allowing
operators to adjust control settings for optimal output. If a change in
belt tension is detected, the system can immediately instruct operators
to make necessary adjustments to maintain product quality.

The system's insights are shared with operators through online quality
dashboards and Andon display systems, providing real-time feedback
and actionable instructions. Over time, as the system matures, it can
be automated for self-decision and correction, further enhancing
efficiency and reducing human intervention.

Benefits

Improved Product Quality: Real-time monitoring and predictive
analytics ensure consistent product quality and reduce defects.

Increased Productivity: By optimizing process parameters, the system
enhances productivity and material yields.

Reduced Wastage: Early detection and correction of potential issues
minimize material wastage and rejections.

Holistic Analysis: Comprehensive data analysis across multiple sources
(material, machines, methods, operators) enables root cause
identification and diagnostic analysis.

Operational Efficiency: Continuous feedback and real-time
adjustments streamline operations and protect the bottom line.

15




<4

-
.

b

-

i s

Use Case 5: Energy Afg
(Smart Utility) Sy&igms &
Sustainability: g

(I

SONATA SOFTWARE

Problem Statement
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Energy costs are a significant expense for belt manufacturers, accounting
for approximately 25% to 35% of manufacturing costs. In addition to
production line energy consumption, various utility machines—such as
boilers, chillers, compressors, HVAC systems, transformers, substations, and
motors & pumps at water treatment and effluent treatment plants—
consume, generate, or transmit energy (water, air, gases, electricity, and
steam, collectively known as WAGES). Currently, these equipment are
typically monitored offline and in silos, lacking a centralized system for
performance optimization and loss prevention.

Solution

The industry 4.0 solution for energy conservation involves implementing a
SMART Utility System. This system enables centralized monitoring of all
energy-consuming and generating equipment and production line systems.
Energy data from machines are collected through PLCs, sensors, digital
meters, and data loggers, and transmitted to a central data platform. Here,
energy analytics are conducted to derive insights and provide instructions
to operators for controlling settings and optimizing output. When the
system detects an anomaly or suboptimal performance, it provides real-
time instructions to operators for adjustments. Additionally, the system
offers troubleshooting guidance based on standard operating procedures.
16




By benchmarking energy KPIs, the SMART Utility System establishes a
baseline for achieving sustainability goals. Operators can compare
current performance against these benchmarks to identify areas for
improvement and implement energy-saving measures.

Benefits

Energy Efficiency: Real-time monitoring and analytics optimize energy
consumption, reducing overall costs.

Cost Savings: Centralized control and optimization of utility machines
lead to significant cost reductions.

Sustainability: Benchmarking energy KPIs supports sustainability
initiatives and helps achieve environmental goals.

Operational Efficiency: Automated insights and instructions improve
the efficiency of energy management and maintenance processes.
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Implementing Industry4.0: The
Fssential Digital Infrastructure

The successful implementation of Industry 4.0 relies heavily on a robust
digital infrastructure. The hierarchy of digital infrastructure encompasses the
entire process from data collection at the source to storage, analysis, and
reporting at multiple levels. It is crucial to select the right tools and products
that offer comprehensive end-to-end services, including data collection,
storage, advanced analytics (Al/ML), and Bl reporting or dashboard
capabilities.

- \ @ Enterprise Reporting — Corporate View
;': il:':?r:prlse \ @ Factory Dashboard — Plant Manager View
P 9 @ Operator View — Charts & Graphs

3.0 ‘ @ Al/ML Edge analytics
Edge Analytics @ Data Insights, trends & deviations
& Actions o @ Operator Controls & Settings

@ 10T Data Platform

@ SCADA Layers

@ Factory Data Network
@ Central PLC Data Logger

2.0 Data
Collection
& Storage

@ Machine Data Parameters

1.0 Data 5 D o @ IOT sensor Data
Source & . ° & CBE =0 @ Manual Process Data

Integrations @ Connected Systems
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Companies aiming to adopt Industry 4.0 should start by creating a
detailed plan charter. This involves:

Identifying strong use cases: Determine which processes and
operations will benefit most from digital transformation.

Defining business goals & objectives: Establish clear goals and
objectives to align the implementation with business strategy.

Estimating potential value & ROI: Calculate the potential value and
return on investment to justify the initiative.

Prioritizing initiatives: Rank projects based on impact and feasibility.

Identifying technology landscape: Assess and select the appropriate
technologies and tools.

Developing implementation strategies: Formulate strategies for
seamless integration.

Conducting PoC & pilot projects: Validate the approach with proof of
concept and pilot projects.

Full-fledged implementation: Execute the complete rollout after
successful pilots.

Strong governance and effective change management are critical for the
success of Industry 4.0 initiatives. Without these, the implementation may
not yield significant benefits and could become a financial burden.

19
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Selecting the Right Techiology
and Partners

Choosing the right data platform and IT/automation partners is crucial for a
successful Industry 4.0 implementation.

Microsoft Fabric is a leading data platform offering powerful loT solutions like
MS Azure loT, which provides comprehensive data engineering, data factory,
data science, and data warehouse capabilities.

Unified Solution: Fabric integrates data movement, processing, ingestion,
transformation, real-time event routing, and report building, simplifying
analytics needs.

SaaS Model: Operating on a Software as a Service (SaaS) model, Fabric
combines components from Power B, Azure Synapse Analytics, Azure
Data Factory, and more into a unified environment.

Al Integration: Fabric embeds Al capabilities, automating integration to
transform raw data into actionable insights.

Fabric's One Lake: Centralizes data storage, maintaining data in its original
location while enabling preferred analytics tools to access it, streamlining
administration and governance.
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If you are looking to modernize your data infrastructure with Microsoft
Fabric, contact us at Sonata Software. As a featured and launch partner
for Fabric, with over 30 years of collaboration with Microsoft, we offer
comprehensive solutions that leverage Al and automation to significantly
enhance efficiency and effectiveness.
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Conclusion

Digital-led Manufacturing Industry 4.0 is revolutionizing business operations,
transforming them into data-driven enterprises across various functions such
as sales & service, production & quality, and purchase & finance. Industry 4.0
systems are becoming the backbone of these enterprises, characterized by
interconnected, intelligent, and self-decision-making capabilities driven by
real-time data analytics. Integrating OT and IT systems is essential for
maximizing asset and resource utilization. The global trend is moving toward
digital twins, enabling remote monitoring and control of entire production
lines and factories.
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The table below illustrates the different maturity levels of data analytics
currently in practice.

Level Equipment Production Line Factory
- Close loop system & | Digital twin & simulate Digital twin of factory,
Prescriptive ' ' -
. self-setting scenario & self-control advance decision
Analytics — L5 : ; .
adjustments lines across value chains
e Detect anomalies, trends | Find co-relation
- Predict failure L : .
Predictive & variations of parameters impacting
. upfront & take )
Analytics — L4 : } parameters and take KPI & take corrective
preventive actions .
decisions manually measures
_ Root cause analysis . Analyze factory KPIs,
Descriptive o Y Identify line bottlenecks Y Y
Analysis — L3 for individual m/c & plan for mitigation compare &
y breakdown P 9 benchmark
Monitor asset-wise Monitor each .
S o, Monitor overall factory
Visualization- L2 reports & production line’s real-
: performance
dashboards time status

Physical
Integration — L1

Connect individual
machines and
equipment

Connect same or
different production
lines

Connect all resources
(man, machine, &
material)

The use cases presented in this whitepaper demonstrate the practical
applications and benefits of these emerging technologies, from Al-
assisted chatbots enhancing customer interactions to loT sensor-based
predictive maintenance ensuring operational reliability. By implementing
ML-based vision systems, manufacturers can achieve real-time
monitoring and early detection of issues, while online process and quality
4.0 systems ensure consistent quality and optimized production efficiency.
Additionally, energy analytics systems offer substantial cost savings and
support sustainability goals.

To realize the full potential of these technologies, manufacturers must
adopt a strategic approach that includes assessing current capabilities,
investing in technology, building skills, collaborating with partners, and
continuously measuring progress. By doing so, they can navigate the
path to innovation, drive operational excellence, and achieve long-term
success in the digital era. The future of conveyor belt manufacturing is
here, and it is digital.
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ABOUT SONATA SOFTWARE

Sonata Software is a global IT solutions firm focused on catalysing business
transformation initiatives of its clients through deep domain knowledge,
technology expertise and customer commitment. The company delivers innovative
solutions for Travel, Retail & Distribution and Software Product companies through
IP based Platforms, Products and Services, that bring together new digital
technologies such as Omni-channel commerce, Mobility, Analytics, Cloud and ERP,
to drive enhanced customer engagement, operations efficiency and return on IT
investments. A trusted long-term service provider to Fortune 500 companies across
both the software product development and enterprise business segments, Sonata
seeks to add differentiated value to leadership who want to make an impact on
their businesses, with IT.

Sonata Software Ltd. info@sonata-software.com

www.sonata-software.com
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