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The Next Frontier
Advanced Materials and 
Devices in Engineering

The speed at which technology has advanced in the twenty-first century is 
astounding. Materials science is the fundamental basis for all innovations, 
from greener energy to smarter grids and speedier devices. Modern 
engineering, especially in areas like electrical engineering, nanotechnology, 
healthcare systems, and energy applications, is centered on the investigation 
and creation of cutting-edge materials and devices. Across industries, these 
materials and the gadgets made from them are propelling the shift to more 
intelligent, effective, and sustainable solutions.

Githeesh S B
Tech Lead, Trivandrum

I am Githeesh S. B., IPCS Global’s technical lead in Trivandrum. 
Industrial automation and BMS are my areas of expertise. My 
industrial automation experience spans six years. My objective 
is to get more knowledgeable by investigating new technologies 
and make a significant contribution to my team.
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What Are Advanced 
Materials?

Wide-Bandgap Semiconductors: 
Powering the Electronics of Tomorrow

Advanced materials are those with engineered 
properties that go beyond what conventional 
materials like silicon, copper, or steel can offer. 
They are designed to perform under extreme 
conditions, achieve higher efficiency, or 
introduce entirely new capabilities. These can 
include:

	 Smart materials that respond to 
environmental stimuli,

	 Nanomaterials with atomic or molecular-
level precision,

	 Biomaterials compatible with biological 
systems,

	 Composites that combine different 
materials for enhanced performance,

	 Wide-bandgap semiconductors for high-
performance electronics.

Together, these materials are enabling the 
development of next-generation devices that 
are lighter, smaller, stronger, more durable, 
and more energy-efficient.

The transition from conventional silicon to wide-
bandgap semiconductors like gallium nitride (GaN) 
and silicon carbide (SiC) has been one of the most 
significant developments in electronic materials. 
By lowering energy losses, these materials enable 
electronic devices to function at greater voltages, 
frequencies, and temperatures. 

GaN and SiC have transformed energy conversion 
and control in power electronics. These materials 
are increasingly often found in high-efficiency 
power supplies, renewable energy inverters, 
and electric vehicles (EVs). Smaller, more potent 
systems with longer lifespans and cheaper 
operating costs are the result of their acceptance.
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Nanomaterials and Nanodevices
The manipulation of matter at the atomic and 
molecular scale, usually less than 100 nanometers, 
is the focus of nanotechnology. Materials may 
have distinct mechanical, optical, and electrical 
characteristics at this scale that are absent at the 
macroscale. 

Examples of nanomaterials that have found use in 
energy storage, flexible displays, biosensors, and 
transistors include carbon nanotubes, graphene, 
and quantum dots. For example, graphene is a single 
sheet of carbon atoms with remarkable mechanical 
strength, thermal characteristics, and electrical 
conductivity. It is being investigated for application 
in water purification systems, flexible touchscreens, 
and potentially extremely fast CPUs. 

By finding biomarkers at the cellular or molecular 
level, nanodevices also make biosensing possible at 
a level never before possible, enabling early illness 
identification. Healthcare tests are becoming less 
intrusive, more precise, and faster because to these 
nanoscale advancements.

Smart and Responsive Materials
Smart materials are engineered to respond 
dynamically to changes in their environment. 
These responses can include changes in shape, 
temperature, or conductivity. Key categories 
include:

	 Piezoelectric materials, which generate 
electrical signals under mechanical stress,

	 Shape-memory alloys, which return to a pre-
determined shape when heated,

	 Electrochromic materials, which change color 
in response to electrical voltage.

Applications of smart materials are widespread—
from adaptive structures in aerospace and 
robotics to self-adjusting lenses in optics and 
sensors in civil engineering.

For example, in structural health monitoring, 
smart materials can detect micro-cracks or 
stress buildup in bridges and buildings, alerting 
engineers before catastrophic failures occur.
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Flexible and Organic Electronics

Advanced Composites for 
Strength and Lightness

The demand for flexible and stretchable 
electronics is rising, particularly in the 
fields of wearable technology, soft 
robotics, and folding displays. Traditional 
electronics are stiff. Conductive polymers 
and organic semiconductors that maintain 
their functioning even when subjected to 
mechanical deformation are used in the 
construction of these electronics. 

These materials, in contrast to silicon, can 
be printed onto substrates that resemble 
paper, plastic, or cloth, opening the door 
to a new era of disposable and printable 
electronics. In the medical field, flexible 
electronics hold great promise since they 
can be incorporated into clothing or skin 
patches to continuously monitor vital 
indicators.

Composite materials combine two or 
more constituents with different physical 
or chemical properties to produce a 
material with characteristics superior to 
the individual components. Carbon fiber-
reinforced polymers, for example, are both 
strong and lightweight, making them ideal 
for aerospace, automotive, and sports 
equipment.

Modern composites often incorporate 
nanomaterials for enhanced thermal, 
electrical, and mechanical performance. 
Their tailored properties make them 
increasingly valuable in designing custom 
devices where specific performance 
metrics are crucial.
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Biomaterials and Bioelectronics

Sustainable and Eco-Friendly Materials

Biomaterials are utilized to interact with biological systems for therapeutic objectives 
in the field of biomedical engineering. In biological settings, these materials need 
to be long-lasting, non-toxic, and biocompatible. Materials for prosthesis, implants, 
and tissue scaffolds are a few examples. 

The topic of bioelectronics, in which devices directly interface with brain or muscle 
processes, is one that is expanding quickly. These gadgets convert biological 
impulses into electronic data or the other way around using cutting-edge 
materials. Brain-computer interfaces, retinal prosthesis, and cochlear implants are 
all supported by this technology.

Nowadays, environmental factors are a major focus of materials research. Materials 
that are recyclable, biodegradable, and have a small carbon footprint are of 
interest to scientists and engineers. For example, compared to their conventional 
inorganic equivalents, organic electronics are easier to recycle and less hazardous. 

Similarly, to lessen e-waste and advance a circular economy, recyclable composite 
materials and second-life batteries are being created. The shift to environmentally 
friendly electronics makes sure that technological advancements don’t come at 
the expense of environmental damage.
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Challenges and the Road Ahead

Although sophisticated materials 
and gadgets have a lot of potential, 
there are still a number of obstacles 
to overcome: 

	 Complexity of manufacturing: The 
production of certain materials 
necessitates extremely specific 
tools or circumstances. 

	 Cost: Because of their limited 
supply or intricate manufacturing, 
many sophisticated materials are 
still pricey. 

	 Scalability: Consistency, yield, 
and supply chain readiness are 
concerns that must be addressed 
in order to translate lab-scale 
ideas into commercial goods. 

Widespread adoption may be 
hampered by the need to integrate 
new materials with current systems 
and technology. Notwithstanding 
these challenges, continued research 
and interdisciplinary cooperation 
are gradually resolving them. High-
throughput experimentation, 
computer modeling, and artificial 
intelligence are helping to make 
material discovery and optimization 
quicker and more effective than in the 
past.

Not only are new technologies being made possible by advanced 
materials and electronics, but they are also improving existing ones. These 
developments are setting the stage for the future by altering healthcare, 
communication, electronics, and energy systems. 

A more intelligent, connected, and sustainable society is emerging as 
we keep pushing the limits of what materials can accomplish. One atom, 
molecule, and gadget at a time, technologists, materials scientists, and 
electrical engineers are all involved in forming this future.

Conclusion
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PREPARING FOR TOMORROW

DIGITAL MARKETING 
STRATEGIES AND TOOLS

These days, technological 
developments, shifts in customer 
behavior, and the introduction of 
new platforms are all influencing 
digital marketing more quickly than 
ever before. Organizations need 
to adopt new tactics and adjust 
to the emerging trends as 2025 
approaches in order to thrive. The 
future of digital marketing will be 
covered in this post, along with 
some important trends, practical 
tactics, and a number of incredibly 
useful tools that marketers need 
to succeed in the rapidly changing 
digital landscape.

Digital Marketing Executive
Attingal

I have over three years of experience developing strategies that provide 
tangible business outcomes as a performance-focused digital marketer. My 
strategy increases brand awareness, engagement, and conversions across 
digital platforms by fusing data-driven decision-making with innovative 
problem-solving techniques. I specialize in creating integrated programs 
that yield quantifiable return on investment, ranging from social media and 
paid advertising to SEO and content marketing. The fastest pace of change 
in digital marketing is what most excites me about it; I remain ahead of the 
curve by constantly experimenting with new tactics, evaluating performance 
indicators, and modifying plans to optimize results. Let’s get in touch and 
discuss how we can work together to increase your online visibility.

Al Fayad S R
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No longer a sci-fi idea, artificial intelligence (AI) has finally arrived and is 
revolutionizing the marketing industry. Marketing professionals can now automate 
time-consuming operations, customize customer experiences, and improve 
information analysis with the help of AI-powered marketing solutions like ChatGPT, 
Jasper, and HubSpot

The establishment’s readiness in 
this constantly demanding stage 
depends on the investments it makes 
in AI tools and staff training initiatives

The Rise of AI and Automation in Digital Marketing

Hyper-Personalization
AI enables companies to provide 
highly customized content that takes 
user preferences and behavior into 
account. Two of the best examples of 
businesses using AI to suggest goods 
and entertainment to users are Netflix 
and Amazon

Customer support and chatbots:
AI chatbots are revolutionizing customer 
care by offering real-time answers to 
questions, day or night

Predictive Analysis
AI enables companies to provide 
highly customized content that takes 
user preferences and behavior into 
account. Two of the best examples of 
businesses using AI to suggest goods 
and entertainment to users are Netflix 
and Amazon
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Video Marketing Dominance

The Growing Importance of Voice Search and SEO

The truth is that, for platforms like TikTok, YouTube, and 
Instagram Reels, video content continues to be the most 
effective digital marketing strategy. In 2025, video marketing 
will grow in strength.

Voice search is becoming a crucial component of digital marketing as voice assistants 
like Google Assistant, Apple Siri, and Amazon Alexa gain popularity

For their target audience to effectively engage with them, they 
should concentrate on creating high-quality video content 
relevant to the platforms

Therefore, businesses can capitalize on this trend and make investments in voice search 
optimization while making sure their websites are responsive.

Short Form Video
Quick, memorable videos, like those on Instagram and 
TikTok

Long-Tail Keywords
Compared to text-based queries, these search terms that resemble typical 
conversation patterns are typically lengthier. In order to rank higher in voice search, 
marketers should optimize their content for long-tail keywords

Live streaming
This allows you to engage with your audience in real time 
and develop relationships with them. Brands can use the 
live stream for behind-the-scenes footage, Q&A sessions, 
and debuts.

Local SEO
Since a large portion of voice search queries are location-based, local SEO is crucial 
for companies that aim to reach nearby clients

Interactive Videos
Videos become more interesting and action-oriented 
when they include polls, quizzes, and clickable links

Featured Snippets
Since voice assistants frequently use featured snippets to extract answers, optimizing 
for them can boost visibility. 
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Data privacy and compliance
Have firmly established themselves in the wake of increased privacy concerns 
and laws such as the CCPA and GDPR. Concurrently, marketers have discovered 
how to uphold data privacy in order to eliminate legal obstacles and establish 
credibility

Prioritizing data privacy will guarantee strong audience bonds from a 
business perspective

Consent-Based Marketing
Prior to data collection, the client must consent to information collecting.

Transparency
Let clients know how their information will be utilized

Secure Data Storage
Invest in systems that safeguard customer information

More consumers are embracing sustainability and ethical choices as preconditions 
for brand affiliation. In 2025, businesses eschewing environmentally attuned and 
socially responsible marketing won’t be counted as being on the cutting-edge.

Therefore, the marketer should incorporate sustainability 
into the message’s operations and content to make sure 
it aligns with consumers’ beliefs.

Sustainability and Ethical Marketing

Green marketing
Using sustainable packaging and 
lowering carbon emissions are the two 
best sustainable strategies that typically 
draw in eco-aware customers.

Transparency
The brand in question should be 
transparent about its labor, supply 
chain, and environmental practices.

Cause Marketing
In the eyes of customers, brand loyalty 
and authorship are established through 
affiliations with social issues and 
contributions of a portion or proportion 
of profits to a charity.
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Conclusion

New opportunities will arise as a result of the new digital 
patterns. Organizations that want to stay ahead of the curve 
in 2025 must embrace AI, video marketing, voice search 
optimization, sustainability, and data privacy. The secret is 
adaptability: never stop learning and apply the greatest tools 
and techniques to meet the ever-evolving needs of customers. 
The digital landscape will continue to evolve, and marketers will 
be sustained in the next years by the newest innovations and 
customer-focused strategies.
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Everyone Can Do It

Ai Learning Path

The World’s Trusted Industry-
Based Training Institution

100% Placement Assistance

Industry Recognized Certificate
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FROM VOLUME TO INSIGHT 

The Rise of 
Smart Data Analytics

The flood of data brought forth by 
the digital age has changed how 
companies and organizations 
function. In order to derive 
valuable insights from these 
enormous datasets, the field of 
data analytics has had to quickly 
adapt as the volume, variety, and 
velocity of data continue to rise. 
Big Data—large, complicated 
datasets that needed specific 
tools and technologies for 
processing, analysis, and 
storage—was the main emphasis 
for many years. But instead of just 
managing Big Data, the future 
of data analytics is turning it 
into Smart Data, which is a more 
intelligent and actionable type 
of information that can inform 
strategic choices.

Driven by a passion for data and technology, I thrive at the 
intersection of IT and analytics. As a forward-thinking IT Engineer, 
I specialize in transforming data into strategic insights using 
Python, Machine Learning, SQL, Power BI, and Tableau. With 
a solid foundation in programming and data science, I create 
intelligent solutions that empower businesses. Blending technical 
expertise with analytical acumen, I deliver impactful, data-driven 
results. I focus on smart automation, efficient data pipelines, and 
interactive dashboards that turn complex data into actionable 
insights—continuously learning and evolving to stay ahead in the 
dynamic world of IT and analytics.

 IT engineer
Mysore

Deekshitha S
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What is Big Data?

The Challenges of Big Data

Large datasets that are defined 
by the “three V’s”—volume, variety, 
and velocity—are referred to as “big 
data.” Volume is the sheer amount of 
data being produced; variety is the 
range of data types, both structured 
and unstructured, from a variety of 
sources, including sensors, social 
media, and transaction logs; and 
velocity is the rate at which this data 
is produced and must be processed. 
Big Data technologies like Hadoop 
and Spark made it possible for 
companies to store and handle 
massive volumes of data at previously 
unheard-of rates. These tools gave 
businesses the ability to examine 
anything from machine sensor data 
to consumer behavior, opening up 
new avenues for optimization and 
insights. Big Data did, however, come 
with a number of difficulties in spite 
of the improvements.

Big Data presented many potential, 
but it also brought about many 
difficulties. First and foremost, value 
is not always ensured by merely 
having a lot of data. Finding useful 
insights in this data was the true 
challenge. The intricacies of Big 
Data, especially unstructured data 
like text, photos, and videos, were 
beyond the scope of traditional 
data analytics techniques, which 
concentrated on structured data 
from relational databases.
The enormity of Big Data presented 
yet another formidable obstacle. 
It took specialized infrastructure, 
such as cloud computing platforms 
and distributed storage systems, 
to process and stores such 
massive amounts of data. As a 
result, data lakes and warehouses 
were established, allowing for the 
storage and processing of raw data. 
Nevertheless, this unstructured data 
frequently lacked context, which 
made it challenging to understand 
and apply efficiently.
Additionally, Big Data frequently 
led to information overload. 
Organizations found it more and 
more challenging to sort through the 
vast amount of data arriving from 
various sources and identify the 
insights that were actually useful. 
The amount and complexity of the 
data overwhelmed data scientists 
and analysts, making it difficult to 
find significant patterns and trends.
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Enter Smart Data 
The Next Evolution in Data Analytics

Here are some key characteristics of Smart Data

Additionally, Big Data frequently led to information overload. Organizations 
found it more and more challenging to sort through the vast amount of data 
arriving from various sources and identify the insights that were actually 
useful. The amount and complexity of the data overwhelmed data scientists 
and analysts, making it difficult to find significant patterns and trends.
Fundamentally, smart data prioritizes quality over quantity. Its main goals 
are to get accurate data, process it efficiently, and make sure it yields 
insightful information. To turn raw data into useful information, Smart Data 
uses sophisticated analytics techniques including machine learning (ML), 
artificial intelligence (AI), and natural language processing (NLP).

Because smart data is contextual, it considers the particular situation 
or setting in which the data was gathered. As a result, companies are 
able to obtain insights that are more in line with actual situations.

In contrast to Big Data, which is frequently too large and daunting to 
properly examine, Smart Data offers concise, useful insights. Businesses 
may use these data to improve customer experiences, streamline 
operations, and make better decisions.

Clean, accurate, and trustworthy data are given first priority by Smart 
Data. It ensures that the data utilized for analysis is of good quality by 
eliminating noise and unnecessary information.

Real-time or near-real-time analytics are frequently emphasized by 
smart data, which helps businesses react swiftly to shifting circumstances. 
This is especially crucial in sectors where prompt judgments can have a 
big impact, such e-commerce, healthcare, and finance.

Customers, staff, and other stakeholders can have their experiences 
personalized with the help of smart data. Businesses can customize 
goods, services, and suggestions to meet the needs of each customer 
by examining behavior, preferences, and interactions.

Contextual Relevance

Actionable Insights

Data Quality and Accuracy

Real-time Processing

Personalization
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The Role of Advanced Analytics and 
AI in Smart Data

The development of AI and sophisticated 
analytics is one of the main forces behind the 
transition from Big Data to Smart Data. The 
way that data is processed, examined, and 
interpreted has been completely transformed 
by these technologies. More advanced 
approaches that can forecast future events, 
spot patterns instantly, and automate 
decision-making have replaced traditional 
analytics methods that concentrated on 
descriptive statistics and historical data.

Big Data can be turned into Smart 
Data with the help of machine learning 
techniques. Machine learning algorithms can 
uncover hidden patterns and trends that 
people would be unable to notice by being 
trained on enormous volumes of historical 
data. Businesses can then take preventative 
measures by using these models to 
forecast future occurrences like equipment 
breakdown or customer behavior.

The Smart Data ecosystem also relies 
heavily on AI-powered solutions including 
fraud detection systems, recommendation 
engines, and chatbots. These systems 
create individualized experiences and 
boost operational efficiency by using AI to 
continuously learn from data and get better 
over time. 

In order to transform unstructured data—
like text, social media posts, and customer 
reviews—into useful insights, natural 
language processing, or NLP, is essential. NLP 
may assist companies in analyzing customer 
sentiment, identifying new trends, and 
extracting insights from massive volumes of 
textual data by comprehending the meaning 
and context of language. 
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The Benefits of Smart Data
Better Decision-Making

Improved Efficiency

Enhanced Customer Experiences

Competitive Advantage

Organizations may make more precise and well-informed 
decisions with the help of smart data. Businesses may make 
better, data-driven decisions by employing sophisticated 
analytics to find insights that could have otherwise gone 
overlooked.

By detecting inefficiencies, allocating resources optimally, 
and automating repetitive tasks, smart data helps firms to 
optimize operations. Businesses are able to concentrate on 
more strategic endeavors while also saving time and money.

Businesses can provide individualized goods, services, and 
marketing campaigns by using Smart Data to examine 
consumer behavior and preferences. Revenue eventually 
rises as a result of increased customer pleasure and loyalty.

Businesses that successfully use smart data are able to make 
quicker, more accurate decisions, giving them a competitive 
advantage. Smart Data has the potential to make the 
difference between success and failure in sectors where 
creativity and adaptability are essential.
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The Future of Data Analytics: Smart Data as the Norm

Conclusion

Smart Data is expected to become the standard as we move forward. Businesses 
will be able to more easily and precisely extract insightful information from their 
data as AI, machine learning, and real-time analytics continue to progress. Massive 
data processing and storage will still be required, but the focus will be on making 
the data more useful, pertinent, and actionable. 

Businesses must embrace new technologies, approaches, and ways of thinking 
about data in order to make the transition from Big Data to Smart Data. Gathering 
vast amounts of data is no longer sufficient; companies now need to concentrate on 
transforming that data into insights that can be used to drive commercial success. 
Those who take advantage of Smart Data’s potential will be well-positioned to 
prosper in a world that is becoming more and more data-driven

A significant change in 
the field of data analytics 
is represented by the 
move from Big Data to 
Smart Data. Business 
success in the future will 
be determined by an 
organization’s capacity 
to transform raw data 
into useful information 
as it moves toward more 
intelligent, actionable 
insights. Businesses can 
turn massive datasets into 
Smart Data that improves 
customer experiences, 
facilitates better decision-
making, and gives them 
a competitive edge by 
utilizing sophisticated 
analytics, artificial 
intelligence, and machine 
learning. The quality, 
relevance, and capacity to 
motivate significant action 
are more important factors 
in data analytics in the 
future than data volume.
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Tesla as a Tech-Driven Car
Tesla is creating clever, learning robots in 

addition to electric cars. Tesla vehicles use 
algorithms trained on billions of miles of real-
world data to detect, make decisions, and 
drive. This technology is based on machine 
learning, or ML.

No gears, 
just goals.
No fuel, 
just roles.
Tesla drives with 
smart control—
An IT heart, 
an electric soul.

 I have a strong foundation in both software training and 
Python development. I have accumulated a great deal 
of experience dealing with C and C++, as well as Python 
complete stack and MERN stack technologies. Since 
moving into a position as a software trainer, I’ve had 
the chance to coach and impart my expertise, assisting 
others in developing their technical abilities. As a technical 
expert dedicated to lifelong learning and development, I 
take pride in my work. IT Engineer 

Tirunelveli

Thanga Atchaya.P
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Machine Learning helps Tesla deliver features like
	� Autopilot

	� Full Self-Driving (FSD)

	� Smart Summon

	� Traffic Light and Stop Sign Control

	� Auto Lane Change

What Is Machine Learning in Tesla?
In addition to producing electric cars, Tesla also creates 

clever, learning robots. Fundamentally based on Machine 
Learning (ML), algorithms trained on billions of miles of 
real-world data enable Tesla vehicles to recognize, make 
decisions, and drive.

	 Recognize roads, vehicles, signs, and pedestrians

	 Predict traffic flow and behavior

	 Make safe driving decisions

	 Improve performance through experience

Tesla’s Hardware That Powers ML
To make ML possible, Tesla equips every vehicle with 

advanced hardware, including

	 8 Cameras: For 360-degree vision

	 12 Ultrasonic Sensors: For object detection

	 Radar (in older models): For depth sensing

	 Tesla FSD Chip (Neural Net Processor): A powerful in-
car computer designed to process AI workloads

	 GPS + IMU Sensors: For positioning and movement 
tracking

All of this hardware feeds data to Tesla’s ML models.
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The Working Principle of ML in Tesla Cars

Step 1

 Step 2

Step 3

Step 4

Data Collection

Local Processing

Cloud-Based Model Training

Over-the-Air (OTA) Updates

While driving, Tesla vehicles collect real-time visual and 
sensor data, including stop signs, speed, distance, lane 
markings, and other information about other vehicles.

This information is processed by Tesla’s in-car computer, 
which uses it to make snap judgments like braking, turning, 
and lane changes.

Tesla’s cloud servers receive data from every Tesla vehicle. 
Deep neural networks and supervised learning are used by 
Tesla to train machine learning models to better understand 
and respond to actual driving situations.

Tesla uses OTA updates to provide the updated models 
back to vehicles. By learning from each other’s experiences, 
each Tesla gets smarter.
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Neural Networks in Tesla Cars
Convolution neural networks (CNNs), a class of algorithm 

used for visual tasks like image identification, are a major 
component of Tesla’s software. These networks enable 
Tesla to.

	 Identify road lanes, traffic lights, cones, and obstacles

	 Classify different types of vehicles or pedestrians

	 Estimate depth and distance from camera input

Tesla trains these networks using Dojo, its in-house 
supercomputer built for ML training.

Fleet Learning is Tesla’s secret weapon
Every Tesla that is on the road functions as a mobile 

data repository. One vehicle transmits information to Tesla 
whenever it comes across a novel circumstance (such as 
an uncommon stop sign or a rare road curve). 

This behavior is sent to the entire fleet after it has 
been examined and studied, so every Tesla vehicle gains 
knowledge from the experiences of other vehicles. This 
explains why Tesla’s machine learning system is so strong 
and develops so quickly.

Here are a few real-world Tesla features powered by ML
Feature What ML Does

Autopilot Keeps the car in lane, adjusts speed, monitors 
surrounding traffic.

Smart Summon Brings the car to the owner’s location in a parking 
lot.

Navigate on Autopilot Suggests and performs lane changes on highways.
Traffic Light & Stop Sign Control Detects and responds to traffic signals.
Driver Monitoring Detects driver attention through the cabin camera.

What Is Fleet Learning?

Real-World ML Features in Tesla
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Core Technologies 
To build a car like Tesla, deep knowledge of

	� Computer Vision – So the car can “see” its surroundings

	� Convolutional Neural Networks (CNNs) – For image processing 
and object detection

	� Reinforcement Learning – For self-improving driving behavior

	� Sensor Fusion – To combine data from cameras, LiDAR 
(optional), radar, and GPS

	� Edge Computing – Real-time processing inside the car.

	� Cloud AI Infrastructure – For training massive ML models

The Future of Tesla ML 
Tesla aims to achieve Level 5 autonomy, where cars drive 
without any human input. Machine Learning will continue to 
play a critical role in:

	� Learning rare edge cases

	� Making faster decisions

	� Navigating complex city streets

	� Improving safety and efficiency

Tesla is also investing heavily in Dojo, its custom-built AI 
training supercomputer, to scale up its learning capabilities.

Conclusion 
Every Tesla that is on the road functions as a mobile data repository. One vehicle 
transmits information to Tesla whenever it comes across a novel circumstance 
(such as an uncommon stop sign or a rare road curve). 

This behavior is sent to the entire fleet after it has been examined and studied, 
so every Tesla vehicle gains knowledge from the experiences of other vehicles. 
This explains why Tesla’s machine learning system is so strong and develops so 
quickly.
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The Ascendance of 
Influencer Marketing 
in Digital Advertising

Having worked as an administrative and accounts executive for more than one 
and a half years, I have handled a variety of financial and administrative duties. I 
have experience in administrative duties like meeting scheduling, correspondence 
management, and upkeep of orderly filing systems. I handled accounts payable and 
receivable, processed invoices, and created financial reports in the finance department. 
My attention to detail and skill with accounting software made sure that requirements 
were followed. I’m dedicated to lifelong learning and flexibility, creating a cooperative 
and encouraging work environment. My objective is to infuse the workplace with clarity 
and serenity.

 Aparna V
Admin Executive
Trivandrum

In the present digital era, influencer marketing has become one of the most 
successful tactics for organizations looking to build real relationships with their 
customers. Influencers use their content to establish relatability and trust, which 
gives traditional advertising a personal touch. Across a range of industries, including 
fashion, fitness, technology, and travel, influencers are increasingly establishing 
trends and influencing consumer behavior on platforms like Instagram, YouTube, 
and TikTok.

The strength of influencer marketing resides in its ability to connect with extremely 
active niche communities. Brands collaborate with both macro and micro-
influencers to promote products in a creative, storytelling manner. This tactic 
not only raises visibility but also increases conversion rates. Influencer marketing 
is evolving in tandem with social media. Genuineness, openness, and sustained 
partnerships are becoming crucial. In 2025, using influence is no longer an option 
for businesses looking to grow.
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Why Is Influencer Marketing Needed?
	 Decline of Traditional Advertising : 
People are ignoring banner ads, skipping 
TV commercials, and using ad blockers. 
Influencer marketing cuts through the 
noise by feeling more authentic and less 
intrusive.

	 Power of Social Proof: Consumers trust 
people over brands. When influencers 
endorse a product, it feels like a personal 
recommendation — not a sales pitch.

	 Access to Niche Audiences: Influencers 
have built-in communities around 
interests like fitness, fashion, tech, 
parenting, etc. Brands can tap into these 
engaged, targeted audiences directly.

	 Higher Engagement Rates: Influencer 
content often sees more likes, comments, 
shares, and saves compared to branded 
content. That engagement boosts 
visibility and drives action.

	 Content Creation at Scale: Influencers 
are creators — they deliver high-quality, 
platform-native content that brands can 
reuse.

	 Increased Brand Awareness & Trust: 
Seeing a product repeatedly on 
someone you follow builds familiarity and 
trust — key steps in the buying journey.

	 Cost-Effective for All Business Sizes: 
Micro and nano influencers offer big 
impact at lower costs — ideal for startups 
and small businesses.
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Driving Engagement through 
Authentic Content
An essential component 
of influencer marketing is 
authenticity. Audiences today 
seek out honest feedback 
and authentic experiences; 
they are more discerning and 
aware. Compared to traditional 
advertisements, influencer 
content feels more personal, 
which helps the audience and 
the company develop a trusting 
relationship.

Brands are now focusing on micro 
and nano influencers, who may 
have smaller fan networks but 
exhibit high levels of engagement 
and specialty dedication. These 
influencers usually create content 
that resonates emotionally with 
their audience, increasing brand 
memory and conversion.

Data-Driven Strategy
Thanks to advanced 
analytics tools, marketers 
can now track success 
metrics in real time, such 
as reach, impressions, 
engagement rate, and return 
on investment. With the help 
of this data-driven approach, 
businesses can pinpoint 
impact, refine efforts, and find 
the top influencers. 

Content for influencer 
marketing is always 
evolving, encompassing 
reels, unboxings, product 
evaluations, and freebies. To 
stay relevant in the quickly 
changing digital market, 
brands must continue to 
be flexible and creative 
as platforms grow and 
algorithms change.

The Future of Influence
As social media platforms evolve and new technologies like 
AI and AR gain traction, influencer marketing will become 
more immersive and captivating. Virtual influencers, live 
commerce, and AI-generated content are already making 
waves and setting the stage for the next stage of brand 
promotion.

Nonetheless, success in this profession will require openness 
and adaptability. Authentic messaging and clearly labeled 
sponsored material are crucial because audiences value 
integrity. If brands prioritize long-term connections over one-
time promotions, they are likely to see steady growth and 
reputation.
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Pros of Influencer Marketing
	  High Trust & Credibility : Influencers often have loyal 
followers who trust their opinions, which can lead to more 
effective recommendations than traditional ads.

	  Targeted Reach: You can partner with influencers who 
speak directly to your niche or demographic, making your 
marketing more precise.

	  Improved Engagement: Influencers typically get better 
engagement rates (likes, comments, shares) compared 
to brand pages.

	  Boosts Brand Awareness: Even if people don’t buy right 
away, seeing your brand through an influencer increases 
recognition and recall.

	  Cost-Effective (Especially Micro-Influencers): Micro 
and nano influencers (smaller followings) are often more 
affordable and offer high engagement.

	  Content Creation: Influencers create high-quality content 
that brands can reuse across their own channels.

	  SEO & Web Traffic: Influencer mentions and backlinks 
can help boost search engine rankings and drive traffic 
to your site.
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Cons of Influencer Marketing
	  Risk of Mismatched Audience: If the influencer’s followers 
don’t align with your target market, the campaign can 
flop.

	  Lack of Control: You trust someone else to represent your 
brand; their tone, style, or behavior might not always 
align.

	  Potential Scams & Fake Followers: Some influencers buy 
followers or engagement, which can lead to wasted 
budget.

	  Difficult to Measure ROI: Tracking exact sales or 
conversions from influencer campaigns can be tricky 
without proper tools.

	  Short-Term Results: Unless it’s part of a long-term strategy, 
the impact of a single influencer post may fade quickly.

	  Reputation Risk: If an influencer gets into controversy, 
your brand might be affected by association.

	  Saturation: Audiences are becoming more aware of 
sponsored posts, which can reduce their impact if not 
done authentically.
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Conclusion

Influencer marketing is transforming from a trend to a crucial 
strategy in modern digital marketing. By using authentic 
voices and trust, brands can connect with communities 
and cultures. Marketers must adopt an audience-focused, 
ethical, and creative approach. Influencers help businesses 
build relationships, create engaging content, and achieve 
credibility, engagement, and conversion. Implementing this 
strategy will help companies stay ahead, grow faster, and 
leave a lasting impact.
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Digital Marketing Analyst
Trivandrum

 Akash H

 I’ve been in the industry for more than a year, working as 
a digital marketing analyst. My areas of expertise include 
Google Analytics, paid advertising, social media marketing, 
email marketing, SEO, and SEM. I like coming up with clever 
strategies to boost digital presence and encourage online 
growth. I truly appreciate picking up new skills and keeping 
up with the latest developments in digital technology. I’m 
constantly eager to investigate novel concepts and use 
marketing to have an influence.

We live in a digital age when algorithms 
influence our internet experiences, social 
interactions, purchasing decisions, and 
even our thought processes. Artificial 
intelligence (AI) is now a significant 
component of digital marketers’ daily 
work; it is not a thing of the future. AI 
tools are transforming the way we 
approach campaigns, content, and 
customer journeys, from chatbots and 
predictive analytics to programmatic 
advertising and email automation.

However, as this technological wave 
intensifies, it raises a question that 
many in our business are beginning to 
address: Where does creativity really 
begin, and where does AI stop? Today, 
as digital marketers, we must strike a 
careful balance between creativity and 
automation. Furthermore, although 
AI makes our job faster and more 
intelligent, creativity is what makes us 
unique, human, and enables us to form 
genuine connections.
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Workflows in marketing have been 
drastically altered by AI. Things that 
used to take hours, like crafting 
thousands of ad variations or 
analyzing client data, can now 
be completed in seconds. Using 
instruments such as

	� ChatGPT and Jasper for creating 
email copy and blog drafts 

	� Adobe Firefly and Canva for 
producing fast, branded images 

	� Frase and Surfer SEO for content 
strategy optimization 

	� Google Performance Max and 
Meta Advantage+ for budgeting 
and auto-targeting 

	� Hub Spot and Active Campaign 
have never given marketers more 
power with AI-enhanced lead 
scoring and nurturing. 

We can now simply conduct large 
ads across various platforms and 
personalize each user’s experience. 
AI is becoming the ideal buddy for 
solopreneurs or lean teams. There is a 
catch, though. While AI is capable of 
execution, it lacks true vision.

Patterns are the foundation of AI. 
It mimics human input, learns from 
data, and produces results based 
on historical performance and 
probability. However, it lacks the 
ability to feel emotions or generate 
truly unique thoughts. AI frequently 
uses pre-existing content when 
creating new content. This can 
produce polished, safe, but 
occasionally generic outcomes. The 
enchanted human component—
emotion, instinct, culture, curiosity, 
and contradiction—is what AI lacks.

While AI can produce product 
descriptions, it is unable to convey 
the backstory of the product’s 
development. 

	�While AI can recommend blog 
names, it is unable to create an 
entirely original storyline. 

	�While AI can compose email 
subject lines, it is unable to 
comprehend your customers’ 
emotional states or what 
motivates them to take action. 

Stating the right thing is only one 
aspect of great marketing; another 
is stating it in a way that inspires 
others. And only humans are 
capable of succeeding there.

AI: The Backbone of 
Modern Marketing

Where Ai Falls Short: 
The Creative Gap

Consider this
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Creativity

The Sweet Spot: 
Collaboration, Not Competition

The New Superpower of Marketing Being 
creative is what sets you apart in an era of 
widespread automation. The same data and 
tools are being used by everyone. However, 
what distinguishes a memorable brand? Why 
is an advertisement shareable? Why does a 
customer say, “I can relate to this?” 

It has nothing to do with ad budget or keyword 
density. It’s the creativity, the values, the 
storytelling, and the emotional connection. 
These are characteristics of humans—aspects 
derived from knowledge of human behavior, 
psychology, and culture. Our responsibilities as 
digital marketers are changing from creating 
brand experiences to curating them. We create 
compelling stories that inspire action and foster 
trust in addition to providing content. 

“Will AI replace digital marketers?” is not the 
question. “How can AI help digital marketers 
become more effective?” is the question. AI is a 
tool, not a danger. Instead than replacing you, 
it should be viewed as your creative co-pilot. 
You can devote more time and attention to 
strategy, creativity, and emotionally compelling 
narrative when you use AI to handle repetitive, 
data-driven activities. The most astute 
marketers are combining the two worlds in this 
way.
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Let AI Handle the Heavy Lifting

Step In with Strategy and Soul

Real-World Example : 
AI + Human Creativity in Action

	  Examine consumer behavior 

	  Produce preliminary copies 

	  Test the CTAs and headlines. 

	  Determine which content is performing the best. 

	  Customize on a large scale 

	  Give AI-generated material more depth and emotion. 

	  Create brand narratives with a unique tone. 

	  Create advertising efforts that are in line with the 
seasonal or cultural environment. 

	  Generate concepts that no algorithm could anticipate.

	  Suppose you are starting a 
digital campaign for a brand that 
promotes eco-friendly living. 

	  AI helps you come up with blog 
titles, study popular sustainability 
themes, and even write ad 
headlines and Instagram captions. 

	  Based on past campaigns, it 
suggests audience segments, top-
performing hash tags, and posting 
timings.

AI is excellent at enhancing existing systems. However, human curiosity about 
what has never been done before leads to invention. That is the origin of successful 
campaigns

Think beyond Optimization
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Now, your creative brain 
takes over

	  You create a narrative campaign 
that chronicles actual consumers’ 
efforts to lessen their carbon 
impact. 

	  You create an interactive test 
that recommends eco-friendly 
alternatives. 

	  You work with a micro-influencer 
who embodies the principles of the 
brand. 

	  You come up with a catchphrase 
for your advertising that appeals to 
people’s emotions and isn’t in any 
AI database. 

Brand Voice Development
	  While AI can replicate tone, it is unable to create a brand’s distinct voice 
from the ground up. Consistency, empathy, and a thorough comprehension 
of the audience are required for this.

Crisis Communication
	  Only a human can decide how to speak clearly and compassionately in 
delicate situations. AI just lacks the necessary emotional intelligence.

Campaign Concepts and Cultural Context
	  It’s not always useful or suitable to follow trends. People are able to read 
the room. Bots are unable to. Changing Positions: Which Competencies 
Will Be Most Important for Digital Marketers?

Data-driven and emotionally engaging advertising is a potent combo 
that AI by itself could never completely produce. Knowing When AI Should 
Disengage: Where to Draw the Line. Even with AI’s strength, human interaction 
is still necessary in some marketing situations. These three instances are as 
follows:
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AI is now a crucial instrument in contemporary marketing, enabling us to 
work more efficiently and intelligently. However, human ingenuity is what 
makes ideas come to life, even though AI can help with data, trends, and 
implementation. Great branding is centered on uniqueness, narrative, and 
emotion—things that only individuals can really provide. Man and machine, 
not man or machine, is the way of the future in marketing. Real magic occurs 
when the spark of human creativity is combined with the power of artificial 
intelligence.

Conclusion
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For prompt decision-making in the data-driven, 
fast-paced world of today, real-time insights are 
essential. For sectors like banking, healthcare, 
manufacturing, or logistics that need real-time 
updates, traditional dashboards that rely on static 
data snapshots might not be adequate. With live 
data connectivity, Tableau, a top data visualization 
tool, enables businesses to close this gap.

In order to keep your dashboards dependable, 
quick, and efficient, this article examines how to 
link live data sources in Tableau, as well as the 
advantages and difficulties associated.Re

vi
ta

liz
e 

Yo
ur

 T
ab

le
au

 D
as

hb
oa

rd
s 

Th
ro

ug
h 

Li
ve

 D
at

a 
U

sa
ge

 I have a solid background in Python, machine learning, and 
SQL as an IT engineer, and I can solve challenging issues and 
provide data-driven solutions. Machine learning and deep 
learning are my passions, and I’m always learning more about 
them. Currently honing abilities in Tableau and Power BI to 
create powerful dashboards and visuals that assist data-
driven decision-making. 

Rahini T 
IT engineer

Trichy
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Understanding Live Data in Tableau

Common Use Cases for Live Data Feeds

In Tableau, a live data connection means 
that each time you visit or refresh your 
dashboard, data is pulled straight from 
the source. Live connections keep an 
ongoing connection to the underlying 
data source, in contrast to extract 
connections, which save a snapshot of 
the data.

	  Tracking sales in real time in retail settings. 

	  Keeping an eye on hospital patient health 
indicators. 

	  Financial institutions’ stock and portfolio 
monitoring. 

	  Logistics supply chain monitoring and 
inventory management. 

	  Data monitoring from IoT sensors in 
production.

Key Characteristics:
	  The data is constantly up to 

date.  

	  Tableau depends on source 
availability and performance; 
it does not store data internally. 

	  Instead, it sends queries 
straight to the database.

Connecting to a Live Data Source in Tableau
Step-by-Step Process
1.	 Start Tableau Desktop, then select the “Connect” 

window. 

2.	 Select the type of data source (e.g., Amazon 
Redshift, Google BigQuery, MySQL, SQL Server, 
etc.). 

3.	 Enter the authentication method and server 
credentials. 

4.	 In the connection options, choose Live rather than 
Extract. 

5.	 To construct the data model, drag tables or 
execute SQL queries as necessary. 

6.	 To start creating your visualizations, click Sheet.
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Benefits of Live Data in Tableau

Challenges and Considerations

1. Real-Time Decision-Making
	  Live dashboards are ideal for operational 
settings where every second counts since 
they rapidly update with new data.

2. Reduced Data Duplication
	  Organizations can prevent versioning 
disputes and save money on storage 
because Tableau does not locally 
replicate the data.

3. Centralized Data Governance
	  Keeping a single live data source 
streamlines governance, audit, and 
compliance processes and guarantees 
consistency.

1. Performance and Load
	  Live queries depend on the performance 
of the data source. Large queries or 
high user volume may slow down the 
dashboard or burden the database.

2. Network Dependency
	  Continuous network access is necessary 
for Tableau dashboards that use real-
time data. Any interruptions may result in 
visual rendering faults or delays.

3. Limited Offline Access
	  Users must stay connected in order to 
view or interact with dashboards because 
data is not stored locally.

4. Data Source Restrictions
	  Certain outdated systems or cloud 
services can have rate constraints or not 
allow continuous live querying.
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Best Practices for Using Live Data in Tableau

1. Optimize SQL Queries
	 Use only the fields and filters that are required. 

	 Steer clear of SELECT * statements. 

	 If at all possible, pre-aggregate data at the 
source.

2. Leverage Data Source Indexing
	 Make that the columns in your data source that 
are utilized in joins or filters have indexes.

3. Use Extracts for Hybrid Dashboards
	 Use live feeds for recent measurements and 
extracts for history in dashboards that combine 
real-time and historical data.

4. Implement Row-Level Security
	 To guarantee that each viewer sees just the data 
they are authorized to view, utilize filters and user 
functions.

5. Schedule Auto-Refresh Wisely
	 Even though live dashboards are dynamic, make 
smart use of auto-refresh settings to prevent 
needless load.

6. Test on Production-Like Environments
	 Before deploying the dashboard, make sure it 
functions well by simulating numerous users and 
real-time loads.

Monitoring and Maintenance
	 Use Tableau’s integrated Performance Recorder 
to monitor performance.   

	 Use external monitoring tools or Tableau Server’s 
Admin Views to keep an eye on data sources.
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n Tableau’s live data streams let businesses take use of real-time 

analytics and react proactively instead of reactively. Even though 
they have technical issues, your dashboards may stay quick, 
dependable, and useful with careful planning, optimization, and 
monitoring. 

Adding real-time data to your Tableau dashboards gives your 
teams access to the most recent insights, enabling them to make 
quicker, more informed decisions in a changing world.
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Wireless Networks
Enhancing Industrial Control System Efficiency

Nowadays, a large community is inventing the usage 
of Ethernet-based local communication systems in 
this domain ensuring the real-time, safe and secure 
behaviour of OT/ICS systems. Future scenarios of 
geographically distributed production plants or 
services require the use of heterogeneous networks 
consisting of local and wide areas and wired and 
wireless communication systems operated by 
different authorities. Thus, behaviour has to be 
supplemented by context awareness realised 
by location-based communication services and 
context-sensitive applications.

Enthusiastic and detail-oriented Industrial Automation 
Engineer with a strong foundation in PLC programming, 
SCADA systems, HMI development, and industrial 
control systems. Passionate about process automation, 
industrial robotics, and smart manufacturing. 
Equipped with hands-on experience in designing 
and troubleshooting automation systems through 
academic projects and internships. Eager to contribute 
to the industry by implementing innovative and efficient 
automation solutions.

Silambarasan
Project Engineer
Madurai
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wireless networks are increasingly used for 
connecting machine parts or machines in 
difficult or dangerous environments, e.g. 
large distances or explosive areas. The 
connection of movable machine parts is 
realized by trailing cable systems, slip rings 
or sliding contacts. These solutions lack from 
high installation and maintenance costs, 
wear and thus lower reliability. In contrast 
to wired communication systems, wireless 
systems cause very low installation cost. 
Therefore, they are suited for connecting 
machine parts being subsequently 
installed during modernization processes.

In process automation, the standards 
Wireless HART and ISA 100.11a were 
developed by the HART Communication 
Foundation and the International Society 
of automation (ISA), respectively. The PNO 
Wireless HART for WSAN-PA standard. 
In some industrial applications, Digital 
Enhanced Cordless Telephone (DECT) 
technology is used. Due to its deterministic 
medium access, it’s getting more attention 
in the last few years.Radiofrequency 
identification (RFID) systems are used in 
industrial automation in several areas, 
e.g. transport, logistics, material handling, 
asset management and product tracking. 

RT classes Within the automation domain the RT requirements are focused on the 
response time behaviour of data packets. Thus, there are three RT classes guaranteeing 
response time: 

Class 1: soft RT (scheduling of data traffic on top of UDP/TCP): scalable cycle time; 
used in factory floor and process automation. 

Class 2: hard RT (scheduling of data traffic on top of MAC): cycle time 1–10 ms. Used for 
control. 

Class 3: isochronous RT (with time/clock synchronisation and routing with schedule): 
cycle time 250 ms to 1 ms; jitter less than 1 ms. Used for motion control.

Wireless Network In ICS

RT behaviour
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A short overview. The Local Area Networks 
(LAN) based on Ethernet-TCP (UDP)/
IP has been standardised and widely 
introduced in the office domain and also 
in the automation domain, using Shared 
Ethernet as well as Switched Ethernet (star 
and tree topology). There are system-
specific limits regarding the RT behaviour, 
especially if the solutions use the TCP 
(UDP)/IP functionality and a middleware 
above TCP (UDP)/IP to schedule the (soft) 
RT traffic.

PROFINET (PNO PROFIBUS user 
organisation, Siemens) uses for its 
object model CBA (Component Based 
Architecture) the DCOM Wire Protocol with 
the Remote Procedure Call mechanisms 
(DCE RPC) (OSF C 706) to transmit the 
soft RT data. An open source code and 
various exemplary implementations/
portations for different operating systems 
are available on the PNO Website. P-Net 
on IP (Process Data) (IEC, 2004d): Based on 
the P-Net Fieldbus standard Type 4 (IEC, 
2003a) the Public Available Specification 

PAS contains the mechanism to use P-Net 
in an IP environment. 

Therefore, the P-Net PDUs are wrapped 
into UDP/IP packages, which can be 
routed through IP networks. Nodes on the 
IP network are addressed with two P-Net 
route elements. P-Net Clients (Master) can 
access Servers on an IP network without 
knowing anything about IP addresses. 
All the mentioned approaches are able 
to support the office domain protocols, 
e.g. SMTP, SNMP, HTTP, some of them 
BOOTP, DHCP, for Web access and/or for 
Engineering data exchange. The object 
models of the approaches differ. Application 
Model (design of modular applications), 
an Engineering Model (description of the 
specific automation applications and their 
connections), a Process Model (mapping 
the application model elements to the 
physical topology), a Presentation Model 
(description of the external behaviour of 
the application model elements) as well as 
an HMI Model (browser-based supervisory 
and control). 

Ethernet-based local RT approaches
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Wireless Fieldbus systems
A wireless Fieldbus system is a wireless communication network suitable for use at 
the device level of an automation system. For that purpose, Wireless Local Area 
Networks (WLAN) and Wireless Personal Area Networks (WPAN) can be employed. 
Inline with the development of radio technologies, different vendors of Fieldbus 
systems (e.g. CAN, Interbus, PROFIBUS)

The RFieldbus Radio Physical Layer main properties are: ISM-Band 2.4 GHz, 
Synchronous Octet Transmission. Direct Sequence Spread Spectrum (DSSS) 
Coding, code lengths 11–63 chips. Radio Data Rate 350 kbit/s–1 Mbit/s–2 Mbit/s.

The solutions described in the previous section offer some improvement for the 
transmission latency and reliability. However, the challenging requirements set by 
closed-loop control applications in the discrete factory automation cannot be 
reached.

 In order to address this application type, future wireless communication systems 
must fulfil several requirements, which are explained in the following. As stated 
in Tab. I closed-loop control applications require a very low transmission latency 
of less than 1 ms at a very low jitter of a few microseconds, a high degree of 
synchronism and high availability in time and space. The packet overhead should 
be kept very small to ensure a tolerable spectral efficiency with small packet 
payloads. In order to address the multitude of industrial automation applications 
(e.g. closed-loop control, open-loop control or monitoring applications), different 
QoS classes should be supported with different requirements regarding cycle time, 
latency, jitter, packet payload
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Wireless Fieldbus systems
           5G NR is designed to support scalable KPIs for satisfying diverse requirements. 
To this end, it supports flexible frame structures considering deployment frequencies 
both below and above 6 GHz. The latter includes millimeter-wave spectrum up to 
100 GHz which is crucial for supporting the industrial communication requirements. 
5G-NR Rel. 15 targets to support Ultra-Reliable Low-Latency communication (uRLLC) 
for a single transmission of a PHY packet size of 32 bytes with a reliability of at least 
1-10-5 and a latency of 1 ms. Hence, it is important to emphasize the future evolution 
of 5G towards satisfying the Industrial automation requirements. Hence, we discuss 
the suitability of 5G for providing enhanced uRLLC support for I4.0 requirements, in 
particular, isochronicity and deterministic communication. 

Isochronicity- 5G needs to support very high synchronicity between a communication 
group of 50 – 100 UEs in the order of 1 µs or below. To guarantee the high precision in time 
reference distribution (< 1 µs), the transceiver hardware should support a deterministic 
delay feature, which is a similar issue faced in time-sensitive wired communication 
could be compensated in the baseband. More specifically, the isochronous operation 
can be enabled using the following two related aspects:

	 The precise common time reference distributed in band or over-the-air (OTA) 

	 Precise over-the-air relative time synchronization The first aspect is new to the 3GPP 
system which differs from the conventional time synchronization in the following 
way: For cellular communication, the time synchronization (uplink or downlink) is 
normally sufficient when proper local time observation or control of time alignment 
is achieved. 
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Communication characteristics

CONCLUSION

Periodicity :  Communication in industrial automation can be characterized 
by whether it is periodic or aperiodic (i.e. event-triggered). Event-triggered 
communication can be initiated by the Application Function in response to external 
factors such as alarms, diagnostics or a message received from the Communication 
Function. In automation applications, the communication between controllers and 
actuators generally consists of both periodic and event-triggered flows. 

Determinism : Determinism refers to whether the latency on the Logical Link could 
satisfy certain latency bounds or not. Usually, communication is called deterministic 
if its latency is bounded by a given threshold. Industrial automation employs open-
loop and closed-loop control systems.

Isochronicity : It refers to the ability of two or more nodes to have a common global 
time reference. In practice, this is achieved by sharing a common (master) clock across 
several nodes using a time synchronization protocol such as IEEE 1588/PTP

Periodicity :  WSAN-FA: One example is the Wireless Sensor Actuator Network for 
Factory Automation (WSAN-FA) [4]. Similar to WISA, WSAN-FA utilizes the PHY-Layer 
of Bluetooth (IEEE 802.15.1) and provides improved synchronization by Frequency 
Hopping Multiple Access, which is a combination of TDMA and Frequency Hopping, 
but often imprecisely referred to as FHSS. This system is especially designed for 
the need of factory automation on sensor actuator level and uses the data format 
according to the IO-Link standard.

WSAN-FA is able to address 120 subscribers in a wireless star topology within a cycle 
time

Tcyc = 2.4 ms.

Distributed automation in the future requires location-based and context-sensitive 
services for remote operation and service. The evolving 5G standard is a promising 
area for vertical industries, offering ease of installation, lower costs, and more flexibility. 
Industrial automation use-cases require isochronous and deterministic communication 
with high availability and low latency requirements. The 5G standard, with its flexible 
frame structure, large spectrum availability, and advanced PHY/MAC techniques, is well-
positioned to address these requirements. Isochronous communication requires variable 
multipath channel delays and a closed-loop signaling mechanism, while deterministic 
communication can be enabled through dynamic scheduling and flexible 5G frame 
structure.
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New Generation BMS Controllers for 

Data Centers 

Powering the Future of 
Critical Infrastructure

Enthusiastic and detail-oriented Industrial Automation Engineer 
with a strong foundation in PLC programming, SCADA systems, 
HMI development, and industrial control systems. Passionate 
about process automation, industrial robotics, and smart 
manufacturing. Equipped with hands-on experience in designing 
and troubleshooting automation systems through academic 
projects and internships. Eager to contribute to the industry by 
implementing innovative and efficient automation solutions.

Kamalesh
Jr Project Engineer

Anna Nagar

In today’s hyper-connected world, data centers form the backbone of digital life. 
From cloud services to financial systems, they handle mission-critical operations 
that demand maximum uptime, security, and efficiency. Managing such complex 
environments requires precision, and that’s where the new generation of Building 
Management System (BMS) controllers come into play.
Unlike traditional building automation focused on comfort and energy savings, 
data center BMS controllers are engineered for resilience, reliability, and intelligent 
energy management. The latest advancements are helping operators meet the 
growing demand for greener, smarter, and more secure facilities.
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Why BMS is Vital for Data Centers

In a data center, BMS controllers are responsible for managing 
and monitoring essential infrastructure:

	 Cooling Systems (CRACs, chillers, in-row cooling)
	 Power Distribution Units (PDUs) and Uninterruptible Power 
Supplies (UPSs)

	 Generators and switchgear
	 Lighting and security systems
	 Fire suppression systems
	 Environmental sensors (temperature, humidity, air pressure)
	 Downtime in these systems can lead to catastrophic 
data loss and financial losses, so precision and predictive 
control are critical.
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1. AI-Driven Predictive Maintenance
Next-gen BMS controllers use artificial 
intelligence and machine learning models 
to predict failures before they occur. They 
monitor patterns in equipment behavior 
(like cooling system anomalies) and alert 
operators to intervene early, reducing 
unplanned outages.

2. Energy Optimization and Carbon 
Tracking
Data centers consume vast amounts of 
energy. Advanced BMS controllers integrate 
energy analytics to optimize cooling and 
power usage. Some can even automatically 
adjust set points based on server loads or 
external weather conditions, helping meet 
carbon neutrality goals.

3. Edge and Cloud Computing Hybrid
Critical decisions—like activating backup 
cooling—are made locally at the edge 
for speed and reliability. Meanwhile, non-
urgent analytics and long-term reporting 
are processed in the cloud, giving 
operators global visibility across multiple 
data centers.

4. Integration with DCIM Platforms
Modern BMS systems are designed to 
integrate seamlessly with Data Center 
Infrastructure Management (DCIM) 
software, providing a holistic view of IT 
loads, environmental conditions, and 
building systems in a single dashboard.

Key Features 
of New-

Generation 
BMS 

Controllers 
for Data 
Centers
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5. Enhanced Redundancy and 
Failover Capabilities
New BMS controllers are built with high-
availability architectures. Redundant 
communication paths, failover controllers, 
and self-healing networks ensure that 
monitoring and control persist even during 
hardware failures.

6. Cybersecurity and Compliance
With cyberattacks targeting critical 
infrastructure, modern BMS controllers 
prioritize cybersecurity. Features include 
end-to-end encryption, secure firmware 
updates, role-based access control, and 
compliance with standards like ISO 27001 
and NIST.

7. Modular, Scalable Design
Next-gen BMS platforms offer modularity, 
allowing data centers to scale operations 
efficiently. Whether adding new server halls, 
cooling zones, or edge computing pods, 
the system grows without major overhauls.
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	 Dynamic Cooling Management
Smart BMS controllers can use real-time IT load data to 
adjust cooling dynamically, reducing energy costs by 20–30% 
without compromising server performance.

	 Rapid Fault Detection
Advanced diagnostics identify issues in milliseconds, enabling 
automatic failover to backup systems and alerting operators 
instantly.

	 Sustainability Reporting
With energy benchmarking tools, operators can generate 
carbon footprint reports, supporting ESG (Environmental, 
Social, Governance) commitments and green certifications.

Why BMS is Vital for Data Centers

As data centers evolve toward hyperscale and edge 
computing architectures, BMS systems will become even 
more intelligent and autonomous. Future innovations include:

	 Digital twins: Virtual models of entire facilities for 
predictive planning.

AI-powered energy arbitrage: BMS controllers will manage 
energy purchasing and storage based on market conditions.

	 V2G Integration: Managing onsite energy storage and 
electric vehicle charging stations linked to grid services.

The Future of Data Center BMS
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