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Welcome & Acknowledgements

| extend my deepest gratitude to the esteemed leadership of the
Institution of Engineers (India), U.P. State Centre, for the privilege of
delivering today's Keynote Address.

A special acknowledgment to:

e Er. V P Singh, FIE (Chairman)

e Er. Satya Prakash, FIE (IP Chairman)

e Er. Vinod Saxena, FIE (Convener)

e Er. N K Nishad, FIE (Honorary Secretary)

It is an honor to address this gathering of visionary engineers and
administrators who are driving the technological future of Uttar Pradesh
and our nation.
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About the Speaker

Dr. ABHISHEK KUMAR

Professor and Deputy Director

Mechanical Engineering, G.C.R.G Group of Institutions, Lucknow
Core Expertise & Focus Areas:

e Mechatronics and Advanced Systems Integration.

e Industrial Internet of Things (lloT) and Smart Manufacturing
Architectures.

e Bridging the gap between theoretical engineering pedagogy and
practical industrial execution.
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The Industrial Revolutions:
Historical Context

To understand our future, we must map our trajectory:

e Industry 1.0 (1780s - Mechanization): The introduction of steam and

¥vater power. We replaced human and animal muscle with mechanical
orce.

e Industry 2.0 (1870s - Mass Production): The advent of electricity and
the assembly line. We brought continuous stamina and scale to
manufacturing.

e Industry 3.0 (1970s - Automation): The entry of computers, PLCs, and

:T. We gave machines memory and the ability to execute repetitive
ogic.

e Industry 4.0 (Today): The era of Cyber-Physical Systems. We are now
giving our factories a connected 'brain’.



Industry X.0

Industry X.0 is not a destination; it is a paradigm shift in how we
approach technological evolution.

e Continuous Evolution: While Industry 4.0 focuses on current
digitization, X.0 is the mindset that manufacturing must remain
constantly adaptable to unforeseen future technologies.

* Hyper-Personalization: Shifting from mass production of identical
items to mass-customization tailored to individual consumer
demands.

e Sustainability Focus: Integrating green energy matrices and
circular economy principles directly into the manufacturing DNA.

e The Core Philosophy: Agility must be engineered into the
foundation of the enterprise.




Group of Institutions.

Comparison: The Evolution Curve

“ Core Driver & Technology Layman Analogy

Industry 1.0 Steam Power & Mechanized Looms  The 'Muscle' - Doing the heavy
lifting.

Industry 2.0  Electrical Grids & Assembly Lines The 'Stamina’ - Doing it
continuously.

Industry 3.0 IT, Transistors & PLCs The 'Memory' - Doing it
precisely.

Industry 4.0 |oT, Al, & Big Data The 'Brain' - Thinking and
adapting.



Major Pitfalls of Industry 3.0

DESPITE BRINGING e DATA SILOS: THE * REACTIVE e EXTREME RIGIDITY:
COMPUTERS TO THE MACHINE'S PLC KNOWS IT MAINTENANCE: THE REPROGRAMMING A 3.0
FACTORY FLOOR, IS FAILING, BUT THE STANDARD PROTOCOL IS AUTOMATED PRODUCTION
INDUSTRY 3.0 CREATED FACILITY MANAGER'S ERP TO FIX MACHINERY ONLY LINE FOR A NEW PRODUCT
MASSIVE INEFFICIENCIES: SOFTWARE HAS NO IDEA. AFTER IT BREAKS. THIS VARIATION TAKES WEEKS
SYSTEMS OPERATE IN RESULTS IN OF MANUAL CODING AND
COMPLETE ISOLATION. CATASTROPHIC, TESTING.

EXPENSIVE, AND
UNPLANNED DOWNTIME.

* BLIND PRODUCTION:
MANUFACTURING
WITHOUT REAL-TIME
MARKET DATA LEADS TO
OVERPRODUCTION, TYING
UP MASSIVE CAPITAL IN
BLOATED WAREHOUSE
INVENTORY.



The Need for
Transformation

(in Technology)
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We have exhausted the benefits of purely mechanical
upgrades

e Reaching Physical Limits: Legacy machines have hit their
maximum physical speeds and tolerances. To improve
them further, we need advanced digital logic, not just
stronger motors.

e The Shift to Real-Time Prevention: Modern supply
chains cannot tolerate delays. We must use predictive
analytics to find microscopic faults weeks before they
cause a machine to halt.

e Managing Complexity: Modern products (like EVs and
smart devices) require a level of manufacturing precision
and tracking that legacy sensors simply cannot measure.

e Analogy: You cannot safely fly a modern jet using a
tractor's dashboard. We require digital tools to manage
digital speeds.
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The Need for Transformation (in Administration)

Technological upgrades are impossible without a shift in administrative
philosophy

e OpEx over CapEx: Administrators must shift from buying massive,
depreciating physical assets (Capital Expenditure) to investing in smart,
scalable digital sensors and cloud services (Operational Expenditure).

e Remote Visibility & Governance: In a post-pandemic world, leadership
requires the ability to securely watch factory OEE and energy consumption
from a smartphone anywhere in the world.

e Talent Attraction: Gen-Z engineering graduates expect clean, data-driven,
and digital workspaces. Legacy, paper-based administrative environments
do not attract top-tier talent.

e Decision Agility: Budgets and operational pivots must be driven by real-
time data streaming, rather than delayed monthly reports.
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Why Industry 4.0 is the Definitive
Answer

Industry 4.0 directly resolves the pitfalls of the past by providing:

e Absolute Interconnectivity: It builds a secure, real-time digital _
bridge between the concrete 'Shop Floor' (the machinery) and the
carpeted 'Top Floor' (the management).

e Unprecedented Precision: The ability to track every single gram of
raw material and every micro-second of power usage, dropping
invisible waste.

e Self-Healing Operations: Creating an ecosystem where machines
autonomously adjust their own parameters to compensate for wear
and tear, supporting perfect output quality.
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The Genesis of Industry 4.0

e The Origin: The specific term 'Industrie 4.0' was officially coined and
introduced by the German government in 2011 at the Hannover Messe
industrial fair.

e The Mission: It began as a strategic, state-sponsored initiative to support
global manufacturing competitiveness by deeply integrating cyber-
technologies into traditional production.

e The Global Catalyst: This shift was made possible globally due to the
sudden maturity of high-speed Internet, the drastic drop in the cost of micro-
sensors, and the availability of massive cloud computing power.

e India's Strategic Role: India is aggressively adopting this framework,

serving as the core engine to transition our national mandate from 'Make in
India' to 'Smart Make in India’.
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Core Technologies of 4.0.......

e Industrial loT (Internet of Things): The 'Nervous System'. The
practice of bolting smart sensors onto physical machines to give
them a digital voice.

e Edge Computing: The 'Reflexes'. A localized, industrial micro-
computer placed right next to the machine. It processes critical
safety data in milliseconds without needing an internet connection.

¢ Cloud Computing: The 'Memory Bank'. Massive, remote server
farms that store years of factory data, allowing algorithms to learn
long-term operational trends.

e Artificial Intelligence (Al): The 'Logic Engine'. Advanced
mathematics that continuously scans millions of data points to find
hidden patterns and improve machine output autonomously.
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Core Technologies of 4.0

* IT/OT Convergence: The administrative merging of
Information Technology (finance, HR, data networks)
seamlessly with Operational Technology (valves, pumps, PLCs).

N
o]

e OEE (Overall Equipment Effectiveness): The gold-standard
administrative metric. A single, mathematically pure
percentage score that tells leadership exactly how healthy and
efficient a facility is.

e Digital Thread: A complete digital audit trail. It tracks a
product's entire lifespan—from the original CAD design,
through the specific machine operator who built it, to its final
deployment.

e Predictive Analytics: Moving away from historical reporting.
Using current machine data to forecast future outcomes,
allowing for highly accurate financial and supply-chain
planning.
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Macro-Economic Reality (2026
Projections)

The ginancial data proves this is an economic imperative, not just an engineering
trena:

e Market Explosion: The Indian Industrial Automation Market is projected to
reach approximately $20 Billion (X1.6 Lakh Crore) by the end of 2026, driven by
aggressive OpEx modernization.

e The Cost of Doing Nothing: Legacy, non-digital manufacturing plants
%E/erience an average 'Parasitic Load' (or Phantom Energy Bleed) of 18% to
0.

* Translating the Loss: This means up to 20% of a facility's monthly electricity bill
is entirely wasted on unmonitored heat, vibration, and inefficient idle states.

e The ROI of Visibility: Simply deploying loT sensors to gain visibility into these
energry]/ leaks frequently pays for the cost of the technology within 12 to 14
months.
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Legacy Architecture:
ISA-95 (The Purdue
Model)

How factories were built for the last 30 years:

e The Structure: ISA-95 uses as a strict, rigid, five-layer
pyramid.

¢ The Flow: Data must travel sequentially. A sensor (Level 0)
reports to a PLC (Level 1), which reports to SCADA (Level 2),
then to the MES (Level 3), and finally reaches the ERP (Level
4).

* The Problem: Because data must climb this ladder one
step at a time, it creates massive delays (latency) and
isolates data. A manager looking at the ERP cannot see raw
sensor data instantly.

e Analogy: Like a strict military chain-of-command where a
field soldier must pass a message through four officers
before it reaches the General.



Modern
Architecture: RAMI
4.0

How factories are being built today:
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0
",
0

Information ", =

Comnunication

* The Unified Namespace (UNS): It uses a central data
broker (often using the MQTT protocol). Every single
sensor, robot, and database 'publishes’ its status to the
center.

* The Advantage: Any software system (like the ERP) that
needs data simply 'subscribes' to it, pulling the
information instantly in milliseconds.

""""" | e Analogy: Like a massive corporate group chat. Everyone
posts updates instantly, and anyone who needs the
information can see it at once without asking permission.
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The Digital Twin
Ontology

Moving beyond 3D CAD drawings to living replicas:

e Definition: A continuous, bi-directional flow of telemetry
data mapping a physical asset to an exact, mathematically
perfect digital replica.

e Execution: Using advanced Physics-Informed Neural
Networks (PINNs), the digital model obeys the actual laws
of physics (thermodynamics, fluid dynamics).

—
Articnable
j‘“'ﬂ"“ * The Use Case: If an engineer wants to increase the

pressure of a physical boiler by 20%, they test it on the
da Digital Twin first. The simulation calculates real-time stress
and fatigue.

e Administrative Benefit: It allows leadership to test
dangerous, expensive, or complex modifications digitally,
with absolutely zero physical or financial risk.




Advanced
Automation &
Robotics

The evolution of shop-floor kinematics is rapidly moving away
from rigid, bolted-down machines:

e Autonomous Mobile Robots (AMRs): Replacing blind, track-
guided carts. AMRs use LiDAR and SLAM algorithms to
dynamically map factory floors and navigate around humans
autonomously.

e Collaborative Robots (Cobots): Traditional robots needed
heavy steel safety cages. Cobots are equipped with sensitive
force-torque limiters.

e Safe Workspaces: If a Cobot gently bumps into a human
operator, it halts within milliseconds, allowing humans and
robots to share the exact same physical workspace safely.

e Human-Robot Synergy: The administrative goal is not to
replace humans, but to use robots for heavy lifting and
repetition, freeing humans for strategic logic and quality
assurance.




EVOIVing the GRS
Workforce: The Pi-
Shaped Engineer (m)

: = Industry 4.0 requires a radical overhaul of our
Knowledge & understanding of Undersanding &appreciaion of: engineering pedagogy and curriculum:

other disciplines & how these Engineering & Technical Other

things interact with engineering Disciplines in Industry Business Functions * The Old Model (T-Shaped): Engineers had broad
general knowledge and one deep vertical pillar of ability
(e.g., purely Mechanical).

* The New Reality (m-Shaped): The modern engineer
needs TWO deep vertical pillars of ability.

Depth of
knowledge Technical Innovation
&skillsin the Experience Competency * Vertical 1: Deep core physical engineering (Mechanics,

field Thermodynamics, Civil structures).

e Vertical 2: Transversal fluency in computational
architecture (Data Science, Python, loT Networking).

* The Horizontal Bar: Unifying these two pillars is
'Systems Integration Thinking' (Mechatronics). An
engineer who cannot write a script to query their own
sensor data is functionally obsolete.
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Engineering the Intelligent
Enterprise

"AUTOMATION WITHOUT RIGOROUS ARCHITECTURE IS MERELY
EXPENSIVE MECHANIZATION."

THANK YOU FOR YOUR TIME AND ATTENTION.

SERVICE TO THE NATION THROUGH SMART ENGINEERING.

ABHISHEK KUMAR |

OPEN FLOOR FOR TECHNICAL Q&A




