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Voice-to-Text at Scale: Under the Hood of WiSPR Flow’s ASR Models 

Introduction: 

Wispr Flow was first launched to the public for macOS and Windows in October 2024. Since 

then, the AI-powered voice-to-text platform has rolled out across multiple devices and regions, 

bringing specialized speech-to-text capabilities to different operating systems and local 

markets. 

1. What is WISPR flow? 

Wispr Flow is an AI-powered voice-to-text application that allows you to dictate text into any 

app or text field on your desktop or mobile device. It is designed to help you write up to 3x 

faster than typing by turning natural speech into clean, polished text. 

2. What is process for WISPR flow? 

You do not need to type on keyboard anymore. Also, it's going to remove the repeated words, 

remove filler words, and a lot more. It is available for Mac, Windows, iPhone, and Android. 

So, you can use it on Android as well. Click on this download for Windows and then you 

need to sign up for an account. So, going to press here continue with Google and it's a much 

faster sign up process. So, I'm going to go with it. You could also sign up with email if 

you want. It's going to say open whisper flow in three steps. Open your downloads. Double 

click on the setup.exe. It's 302 MB. If it did not download, you can click over here. Try again. 

Do it. All right. 

3. Do WISPR flow required internet connection? 

Yes, it required continuous internet connection to work. Since all processing is done on clouds. 

It does not store any data, since it is not design for recording meetings. if want to go for meeting 

recordings then switch to otter.ai. 

4. What is purpose of WISPR flow? 

Wispr Flow is an AI-powered voice-to-text application that turns natural speech into clean, 

perfectly formatted text across any app or browser. It allows professionals to dictate up to 4x 

faster than manual typing by automatically removing filler words, correcting grammar, and 

interpreting context in real time.  

It is widely used across several workflows:  

Messaging & Emails: Instantly dictate and send polished emails in Gmail or messages in Slack 

and Teams, bypassing manual typing.  

Developers & Coding: Dictate code directly into editors like Cursor or VS Code, quickly draft 

commit messages, and generate terminal commands. 

Content Creation & Writing: Breeze through drafting long-form content, social media posts, or 

replies without worrying about typos or grammar. 

Accessibility: Provide a reliable alternative for users who are slowed down by a keyboard or 

experience repetitive strain injuries (RSI). 

-Pratik Parsewar 
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Microstrip Patch Antennas: The Backbone of Modern Wireless 

Communication and Biomedical Devices 

Introduction 

In today’s interconnected world, wireless communication has become an indispensable part of 

daily life. From smartphones and satellite navigation systems to wearable health monitors and 

implantable medical devices, antennas serve as the fundamental components that enable the 

transmission and reception of electromagnetic signals. Among the many antenna technologies 

available, the Microstrip Patch Antenna (MPA) has emerged as one of the most popular due to 

its compact size, lightweight structure, low manufacturing cost, and compatibility with modern 

electronic circuits. 

Originally developed for aerospace and defense applications, microstrip patch antennas are 

now widely used in commercial communication systems and biomedical engineering. Their 

ability to operate efficiently within limited space makes them particularly suitable for portable 

and miniaturized electronic devices. As wireless technologies continue to evolve toward 5G, 

6G, the Internet of Things (IoT), and smart healthcare systems, the importance of microstrip 

patch antennas continues to grow. 

What is a Microstrip Patch Antenna? 

A microstrip patch antenna is a low-profile antenna consisting of three basic layers: a metallic 

radiating patch, a dielectric substrate, and a conducting ground plane as shown in Fig below. 

The radiating patch is typically fabricated using copper and can be designed in various shapes 

such as rectangular, circular, triangular, elliptical, or hexagonal, depending on the desired 

operating frequency and application. 

When an alternating current is supplied through the feeding mechanism, electromagnetic fields 

are generated around the patch. These fields radiate into free space, enabling wireless 

communication. The resonant frequency of the antenna depends on several design parameters, 

including the dimensions of the patch, dielectric constant of the substrate, substrate thickness, 

and feeding technique. 

 

Fig.: Microstrip Patch Antenna 

Advantages of Microstrip Patch Antennas 

Microstrip patch antennas offer several advantages over conventional antenna structures, 

making them highly attractive for modern wireless systems: 

 Compact, lightweight, and low-profile design. 

 Easy fabrication using standard printed circuit board (PCB) technology. 



Department of Electronics & Telecommunication Engineering VIVA-CONVERGE 

VIVA Institute of Technology, Virar (East)  ISSN: 2581-8805 

 Low manufacturing and maintenance costs. 

 Easy integration with microwave integrated circuits and RF modules. 

 Suitable for planar and conformal surfaces. 

 Capable of supporting circular and linear polarization. 

 Easily modified into arrays for achieving higher gain and directivity. 

Despite these advantages, microstrip patch antennas also face challenges such as relatively 

narrow bandwidth, lower gain, and reduced radiation efficiency at certain frequencies. 

Researchers continuously develop innovative techniques such as slot loading, defected ground 

structures (DGS), metamaterials, and multi-layer substrates to overcome these limitations. 

Applications in Modern Wireless Communication 

Microstrip patch antennas have become the preferred choice for numerous wireless 

communication applications because of their versatility and compact dimensions. 

Mobile and Wireless Communication 

Modern smartphones, Wi-Fi routers, Bluetooth devices, and wireless sensors rely heavily on 

compact antenna designs. Microstrip patch antennas provide reliable communication while 

occupying minimal space inside electronic devices. 

Satellite Communication and GPS 

Satellite communication systems require antennas capable of maintaining stable performance 

under varying environmental conditions. Circularly polarized microstrip patch antennas are 

extensively employed in GPS receivers, navigation systems, and satellite communication 

terminals due to their ability to minimize polarization mismatch. 

Internet of Things (IoT) 

The rapid growth of IoT has led to billions of interconnected devices that require energy-

efficient and compact antennas. Smart homes, industrial automation, precision agriculture, 

environmental monitoring, and smart city infrastructures all benefit from the low-power and 

compact characteristics of microstrip patch antennas. 

5G and Future 6G Networks 

The deployment of fifth-generation (5G) communication systems has significantly increased 

the demand for antennas operating at higher frequencies with wider bandwidths and improved 

radiation characteristics. Researchers are actively investigating advanced microstrip antenna 

designs capable of supporting millimeter-wave communication, massive MIMO systems, 

beamforming techniques, and the emerging requirements of sixth-generation (6G) wireless 

networks. 

Role in Biomedical Engineering 

One of the most exciting applications of microstrip patch antennas is in biomedical 

engineering, where miniaturization, reliability, and patient safety are of paramount importance. 

Biomedical devices often require wireless communication to transmit physiological data 

without invasive procedures. Microstrip patch antennas are increasingly integrated into 

wearable sensors, implantable medical devices, body area networks, and diagnostic equipment. 
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Recent Research Trends 

The field of microstrip patch antennas is advancing rapidly through continuous research and 

technological innovation. Current developments include: 

 Flexible and wearable antennas fabricated on textile and polymer substrates. 

 Miniaturized antennas for implantable biomedical devices. 

 Multi-band and ultra-wideband antenna designs. 

 Metamaterial-inspired antennas with enhanced performance. 

 Artificial Intelligence (AI)-assisted antenna optimization. 

 Reconfigurable antennas capable of changing operating frequency and radiation 

characteristics dynamically. 

 Environmentally friendly and biodegradable antenna materials for sustainable 

electronics. 

These advancements are expected to support future applications in intelligent healthcare, 

autonomous vehicles, smart manufacturing, and next-generation wireless communication 

systems. 

Conclusion 

Microstrip patch antennas have transformed the landscape of wireless communication by 

offering compact, economical, and high-performance antenna solutions. Their extensive 

applications in mobile communication, satellite systems, IoT, wearable electronics, and 

biomedical devices demonstrate their versatility and technological significance. 

In particular, their contribution to Wireless Capsule Endoscopy illustrates how innovations in 

Electronics and Telecommunication Engineering can directly enhance healthcare and improve 

the quality of life. As research continues to address existing challenges and explore emerging 

technologies, microstrip patch antennas will remain at the forefront of next-generation wireless 

communication and biomedical innovation, connecting not only devices but also enabling 

smarter, safer, and more accessible healthcare solutions worldwide. 

- Meena Perla 
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SERVICES MARKETING 

If you are thinking of pursuing a career in service marketing, you may benefit from 

understanding how services marketing helps increase brand awareness, generate leads, build 

customer satisfaction and expand a business. 

Services marketing is a sub-discipline that targets the intangible goods of a business, which 

significantly differentiates it from product marketing. 

The application of service marketing strategies is widespread across various sectors of the 

service industry like IT, hospitality, travel, sales and consulting, healthcare and financial 

services, catering to B2B and B2C audiences with post-purchase service and improved service 

delivery. 

A service-based company provides services to its customers rather than tangible products. As 

these companies do not sell physical products, they typically implement different marketing 

strategies to target their target audience. If you are thinking of pursuing a career in service 

marketing, you may benefit from understanding how services marketing helps increase brand 

awareness, generate leads, build customer satisfaction and expand a business. 

In this article, we discuss the answer to ‘What is services marketing?', describe how it differs 

from product marketing and provide tips to help you create effective services marketing 

strategies. 

Related: What Are Marketing Activities? (With Benefits and Examples) 

Key takeaways: 

Services marketing is a sub-discipline that targets the intangible goods of a business, which 

significantly differentiates it from product marketing. 

The application of service marketing strategies is widespread across various sectors of the 

service industry like IT, hospitality, travel, sales and consulting, healthcare and financial 

services, catering to B2B and B2C audiences with post-purchase service and improved service 

delivery. 

Important factors to consider in services marketing include the characteristics of services, such 

as perishability, variability, inseparability, the inherent intangibility, the physical evidence of 

quality, the service provider’s responsiveness and the importance of building trust with 

consumers. &nbsp; 

What Is Services Marketing? 

The answer to 'What is services marketing?' is that it is a sub-discipline that focuses on 

marketing the service offering of a business. This type of marketing differs from product 

marketing, as it advertises intangible services that provide value to consumers. To be successful 

at marketing a service product, a skilled service provider highlights the benefits of choosing 

their offering by building trust and exceeding customer expectations. For example, a streaming 

platform guarantees access to an extensive library of music with no ads when a user pays for 

the subscription — an example of pricing strategies used in the service marketing mix. 

Related: What Is a Marketing Manager? Definition, Roles and Skills 

Related jobs on Indeed 



Department of Electronics & Telecommunication Engineering VIVA-CONVERGE 

VIVA Institute of Technology, Virar (East)  ISSN: 2581-8805 

Marketing and Advertising jobs 

Part-time jobs 

Full-time jobs 

Remote jobs 

View more jobs on Indeed 

Types of Services Marketing 

There are three common types of service-based marketing that most service businesses use: 

Business-to-business (B2B) 

In this type of service-based marketing, businesses sell their professional services to other 

enterprises. These enterprises may either use their services or resell them for more profit. Some 

examples of B2B service industry offerings include market research, design, advertising and 

consulting. 

Business-to-customer (B2C) 

In this model, marketing strategies focus on the individual customer. Marketers emphasise 

pricing, overall value and emotional connection to strengthen customer relationships and 

customer loyalty. B2C industry examples include travel, e-commerce, healthcare and financial 

services. 

Post-purchase service 

Here, the focus is on ensuring great customer experience. This includes services like customer 

support, extended warranties, or follow-ups — enhancing the overall service experience and 

encouraging repeat business. 

Who Uses Services Marketing? 

Businesses that provide services to their customers often require custom marketing strategies 

to attract potential buyers. Some examples of industries that use services marketing include: 

Information technology 

Health and wellness 

Hospitality 

Travel and tourism 

Education 

Media, entertainment and leisure 

Design 

Sales and marketing 

Trade 

Management and consulting 

Services marketing has a mix of B2B and B2C audiences. Marketers often consider this 

audience categorisation while creating marketing plans for the business because the strategies 

may differ considerably. 

Features of Services Marketing 
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To attract and onboard new customers, you may employ services marketing and product 

marketing as part of your strategy. There are several vital differences between the two 

marketing strategy types. These include: 

Intangibility 

When people buy a physical item, such as a book, they buy a tangible product. Intangible 

services can be more difficult to market than tangible products because you typically rely on 

demonstrations and customer testimonials to show how the service works. It is also not as easy 

for customers to see the value in something that they cannot touch or hold. Focusing on 

marketing the individuals responsible for providing the service and building robust 

relationships with potential buyers can help you to build confidence and develop a sales 

pipeline that works. 

Although intangible services differ from tangible products, there are some areas where they 

may converge for marketing purposes. For example, an e-commerce store selling lifestyle items 

may offer service-based coupons to build loyalty in its audience. Similarly, a service-based 

company that offers enterprise solutions may give their early adopters free gifts or merchandise 

as part of their marketing strategy. 

Related: Top 20 Marketing Skills to Include On Your Resume  

Customisation 

A service-based business is able to customise its offering to suit the wants and needs of its 

customers. This means that you are able to market a general-purpose option while still 

providing highly specialised services catering to specific requirements. This is different from 

a product-based business that can only offer a certain type or range of products that they sell to 

everyone. You can benefit from this by showcasing a variety of use cases for the service. 

Limited ownership 

Consumers who buy a product typically own their purchase. This allows them to use the 

product as they wish and even resell it. When consumers buy a service, it usually lasts as long 

as the subscription does. For example, users renew software as a service (SaaS) subscriptions 

monthly or annually. It is important to employ tactics that build trust to increase the likelihood 

of a consumer choosing your service again. 

Related: Top 20 Careers in Marketing: Average Salary and Requirements 

Trust 

Building a strong relationship with consumers may be the most important part of service-based 

marketing. You may achieve it through carefully building trust with consumers and ensuring 

they have a positive experience every time they interact with the business. In a service-based 

business, you typically cannot offer customers a refund after they have purchased the product, 

so it is important to make sure they are happy with it. In this way, you are more likely to keep 

them using the company's services in the future. 

Related: How to Make a Career Change to Marketing in 6 Steps 

Specific time contract 

The key difference between how businesses market and sell products versus services is time. 

Businesses provide services to customers for a specific time or duration, after which the 
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customer renews the service contract to continue or resume using it. A customer may purchase 

a tangible product once and then use it indefinitely. This means that services marketing 

generally aims to sell subscriptions. Along with these efforts, you can encourage referrals and 

provide incentives to retain existing customers and onboard new ones. 

Smaller market size 

The market size for service-based industries is generally smaller than for product-based ones 

because of various factors. Understanding the requirements for tangible products is easier than 

for intangible services. In addition, when businesses have the shipping capacity, it can be 

relatively straightforward to cater to a global audience. As a service-based industry, you can 

often only cater to a limited geographic location. 

-Kushal Suvrna 
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Artificial Intelligence (AI) in Education 

Artificial Intelligence (AI) is fundamentally transforming education, acting as a collaborative 

partner for educators and a personalized tutor for students. AI tools streamline administrative 

workflows and adapt curriculum delivery to individual needs, revolutionizing the educational 

landscape while emphasizing the need for ethical, human-centric integration. 

 

Fig 1 : Role of AI in Education 

Core Applications in Teaching: 

For educators, AI functions as a digital assistant that handles high-volume, repetitive tasks, 

allowing them to shift focus toward mentorship and emotional engagement. 

Table 1: Best AI Teaching Tools 

Sr.  

No.  Tools Best For  Feature 

Free 

Plan ? 

1 Edcafe AI 

 

Full teaching cycle: create, 

assign, grade, track 

Auto-grading with rubrics, student 

chatbots, real-time dashboards Yes 

2 MagicSchool 

AI 

 

Reducing planning and admin 

time 

 

80+ tools including IEP generators, 

email writers, report card drafters Yes 

3 Brisk Teaching 

 

Chrome-based classroom 

workflows 

Generate full lesson sets from any 

webpage or YouTube video Yes 
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Sr.  

No.  Tools Best For  Feature 

Free 

Plan ? 

 

4 Eduaide AI 

 

Research-backed lesson planning 

 

Evidence-based frameworks (5E, 

UDL, Backward Design) 

Yes 

(limited) 

5 NotebookLM 

 

Deep preparation from your own 

materials 

AI that only uses sources you 

upload, with zero hallucination Yes 

6 Gradescope 

 

Grading written work and exams 

at scale 

Groups similar answers: grade an 

entire class in one pass Yes 

7 ClassPoint 

 

Interactive PowerPoint lessons 

 

Live polls, quizzes, gamification, all 

inside PowerPoint Yes 

8 Curipod 

 

Real-time student engagement 

during class 

AI feedback on student writing 

while class is still in session Yes 

9 Khanmigo 

 

 

 

AI-powered tutors 

 

 

 

Real-time feedback, guide students 

through complex problem-solving 

steps, and explain concepts without 

providing direct answers. Limited 

10 Diffit 

 

Differentiating reading materials 

 

Rewrites any text at multiple 

reading levels in seconds Yes 

As AI integrates into teaching and learning, it introduces technical and ethical challenges such 

as data privacy, algorithm bias, and academic integrity. Institutions must navigate these 

complexities by establishing robust governance. 

-Nutan Malekar 
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Artificial Neural Networks in 2026: The Rise of Neuro-Symbolic AI 

Abstract 

Artificial Neural Networks (ANNs) have become the foundation of modern artificial 

intelligence.  Recent advances in deep learning have enabled machines to achieve remarkable 

performance in image recognition, natural language processing, robotics, healthcare, and 

autonomous systems. However, traditional neural networks often suffer from limited 

explainability and reasoning capability. Neuro‑Symbolic AI combines neural learning with 

symbolic reasoning to create systems that can both learn from data and explain their decisions. 

This article reviews the evolution of ANNs, recent research trends, applications, challenges, 

and future directions. 

1. Introduction 

Artificial Neural Networks are computational models inspired by biological nervous systems. 

During the last decade, deep neural networks have transformed nearly every branch of 

computing. Despite their success, modern AI systems are often criticized for operating as black 

boxes. Researchers are therefore exploring hybrid approaches that integrate neural learning 

with symbolic reasoning. 

2. Evolution of ANN Technology 

The journey of ANN research began with the McCulloch–Pitts neuron model and the 

perceptron. Later developments included multilayer perceptrons, backpropagation learning, 

convolutional neural networks, recurrent neural networks, transformers, and large language 

models. The latest stage is Neuro‑Symbolic AI, which attempts to bridge learning and 

reasoning. 

3. What is Neuro‑Symbolic AI? 

Neuro‑Symbolic AI integrates data-driven neural networks with rule-based symbolic systems. 

Neural components excel at pattern recognition, while symbolic systems provide logical 

reasoning, knowledge representation, and transparency. The result is a more trustworthy and 

explainable intelligent system. 
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Figure: Generic Neuro‑Symbolic AI Architecture 

4. Why Current AI Needs Neuro‑Symbolic Approaches 

Current deep learning systems require massive datasets, often hallucinate facts, and struggle 

with logical reasoning. Neuro‑symbolic methods seek to address these limitations by 

incorporating explicit knowledge, rules, and reasoning mechanisms. 

5. Recent Research Trends  

Major trends include explainable AI, integration of knowledge graphs with large language 

models, agentic AI systems, trustworthy AI, neuro‑symbolic robotics, healthcare decision 

support systems, and research toward Artificial General Intelligence. Many researchers 

consider hybrid intelligence one of the most promising directions for next‑generation AI. 

6. Applications 

Applications include medical diagnosis, autonomous vehicles, cybersecurity, smart education, 

intelligent manufacturing, robotics, scientific discovery, and decision-support systems. The 

ability to provide explanations makes neuro‑symbolic AI particularly valuable in high‑risk 

domains. 

7. Advantages 

Neuro‑symbolic systems offer improved explainability, stronger reasoning capabilities, 

reduced data requirements, enhanced trustworthiness, and better generalization in unfamiliar 

environments. 

8. Challenges 

Key challenges include computational complexity, scalability, knowledge acquisition, 

standardization of architectures, integration of symbolic and neural modules, and development 

of suitable evaluation metrics. 
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9. Future Scope 

Future research is expected to focus on explainable large language models, autonomous 

reasoning agents, human‑AI collaboration, energy‑efficient neural hardware, and AGI-inspired 

architectures. Engineering students can contribute through research in explainable AI, 

knowledge graphs, cognitive computing, and intelligent robotics. 

10. Conclusion 

Artificial Neural Networks have revolutionized modern computing. The emergence of 

Neuro‑Symbolic AI represents a significant step toward intelligent systems that can learn, 

reason, and explain. As industries demand trustworthy and transparent AI, neuro‑symbolic 

architectures are expected to become a cornerstone of future intelligent technologies. 

-Sonali Gaikwad 
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Edge AI in 2026: The Future of Real-Time Intelligent Computing 

Abstract 

 

Edge Artificial Intelligence (Edge AI) has emerged as one of the most significant advancements 

in modern computing by enabling AI models to process data directly on edge devices rather 

than relying entirely on cloud servers. The rapid growth of the Internet of Things (IoT), 

autonomous systems, smart manufacturing, and intelligent healthcare has increased the demand 

for low-latency, privacy-preserving, and energy-efficient AI solutions. Edge AI addresses these 

challenges by combining edge computing with machine learning, allowing devices to make 

intelligent decisions in real time. This article reviews the evolution of Edge AI, its architecture, 

recent research trends, applications, advantages, challenges, and future directions in intelligent 

computing. 

 

1. Introduction 

Artificial Intelligence has transformed the way machines interact with data, enabling 

automation, prediction, and intelligent decision-making across various domains. Traditionally, 

AI systems relied on cloud computing, where data generated by devices was transmitted to 

centralized servers for processing. Although cloud-based AI provides powerful computational 

resources, it often suffers from network latency, bandwidth limitations, privacy concerns, and 

dependence on continuous internet connectivity. 

Edge AI overcomes these limitations by executing AI algorithms directly on edge devices such 

as smartphones, surveillance cameras, industrial sensors, autonomous vehicles, drones, and 

wearable devices. By bringing intelligence closer to the data source, Edge AI enables faster 

decision-making, improved privacy, and reduced communication costs. 

 

2. Evolution of Edge AI Technology 

The development of Edge AI is closely linked with the evolution of Artificial Intelligence, 

cloud computing, and embedded systems. Initially, AI applications depended entirely on 

centralized cloud platforms for training and inference. As IoT devices became widespread, the 

need for real-time processing led to the emergence of edge computing. 

Recent advancements include lightweight deep learning models, TinyML, AI accelerators such 

as GPUs, TPUs, and NPUs, federated learning, and energy-efficient embedded processors. 

Today, Edge AI represents the next stage of intelligent computing by combining machine 

learning with distributed edge infrastructure. 

 

3. What is Edge AI? 

Edge AI refers to the deployment and execution of Artificial Intelligence models directly on 

local devices where data is generated, instead of sending all information to cloud servers. 

An Edge AI system consists of: 

 Smart sensors and IoT devices for data collection  

 Embedded AI processors for local inference  

 Edge gateways for communication  

 Cloud infrastructure for model training and updates  

Neural network models perform real-time inference on edge devices, while cloud servers 

remain responsible for large-scale model training and management. 
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Figure: Generic Edge AI Architecture 

 
4. Why Current AI Needs Edge AI 

Traditional cloud-based AI systems face several challenges, including high communication 

latency, privacy risks, bandwidth consumption, and limited availability in remote locations. 

Edge AI addresses these challenges by: 

 Processing data locally  

 Reducing response time  

 Preserving sensitive user information  

 Minimizing network traffic  

 Supporting offline operation  

These capabilities make Edge AI suitable for mission-critical applications where immediate 

decision-making is essential. 

5. Recent Research Trends (2025–2026) 

Current research in Edge AI focuses on several emerging areas, including: 

 Tiny Machine Learning (TinyML)  

 Federated Learning for privacy-preserving AI  

 Edge Intelligence for 6G communication networks  

 Explainable Edge AI  

 AI-enabled IoT devices  

 Edge AI for smart healthcare  

 AI-powered industrial automation (Industry 5.0)  

 Edge AI security and privacy protection  

 Neuromorphic computing for low-power AI  

 Collaborative Edge–Cloud Intelligence  

Researchers are also exploring energy-efficient AI chips and distributed learning techniques to 

improve the scalability of Edge AI systems. 
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6. Applications 

Edge AI is being widely adopted across multiple industries. 

Healthcare 

 Patient monitoring  

 Medical image analysis  

 Wearable health devices  

 Disease prediction  

Autonomous Vehicles 

 Object detection  

 Lane recognition  

 Collision avoidance  

 Traffic monitoring  

Smart Manufacturing 

 Predictive maintenance  

 Quality inspection  

 Industrial robotics  

 Fault detection  

Smart Agriculture 

 Crop disease detection  

 Smart irrigation  

 Soil monitoring  

 Precision farming  

Smart Cities 

 Intelligent traffic management  

 Smart surveillance  

 Waste management  

 Energy optimization  

Cybersecurity 

 Intrusion detection  

 Network monitoring  

 Threat identification  

7. Advantages 

Edge AI offers several advantages over traditional cloud-based AI systems. 

 Low latency and real-time response  

 Improved data privacy and security  

 Reduced internet bandwidth usage  

 Lower cloud processing costs  

 Increased system reliability  

 Better energy efficiency  

 Offline operation capability  

 Faster decision-making for critical applications  

8. Challenges 

Despite its advantages, Edge AI still faces several technical challenges. 

 Limited computational resources on edge devices  
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 Battery and power constraints  

 AI model compression and optimization  

 Device heterogeneity  

 Security vulnerabilities  

 Scalability of distributed edge networks  

 Real-time model updating  

 Lack of standardized Edge AI frameworks  

Researchers continue to develop lightweight AI algorithms and specialized hardware to 

overcome these limitations. 

9. Future Scope 

The future of Edge AI is expected to be driven by advancements in Artificial Intelligence, IoT, 

and next-generation communication technologies. 

Future research directions include: 

 AI-powered autonomous robots  

 Edge AI integrated with 6G networks  

 Explainable Edge Intelligence  

 Federated Edge Learning  

 Digital Twin systems  

 Smart healthcare ecosystems  

 AI-enabled smart factories  

 Green and energy-efficient AI hardware  

 Human–AI collaborative systems  

 Edge AI for space exploration and autonomous drones  

Engineering students can contribute through research in TinyML, embedded AI systems, 

intelligent IoT devices, AI hardware acceleration, federated learning, and real-time robotics. 

 

10. Conclusion 

Edge AI represents a transformative advancement in Artificial Intelligence by moving 

intelligent computation closer to the data source. It enables real-time processing, enhanced 

privacy, reduced communication costs, and improved reliability across various applications. 

As industries increasingly demand intelligent and autonomous systems, Edge AI is expected to 

become a cornerstone of next-generation computing. Continued research in lightweight AI 

models, explainable AI, federated learning, and energy-efficient hardware will further 

accelerate the adoption of Edge AI in the coming years. 

-Tejashri Thorat 
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Internet of Things (IoT): Architecture, Applications, Challenges, and 

Future Scope 

I.  Introduction 

The rapid proliferation of internet-enabled technologies has given rise to a new 

computing paradigm termed the Internet of Things (IoT). IoT refers to an ever-growing 

network of physical objects—ranging from household appliances to industrial machinery—

that are embedded with sensors, actuators, and communication interfaces, allowing them to 

collect and exchange data over the internet without requiring direct human intervention. 

The concept of interconnected machines, often referred to as Machine-to-Machine 

(M2M) communication or the Internet of Everything (IoE), has gained significant traction 

across diverse sectors over the past decade. According to industry forecasts, the global number 

of IoT-connected devices is projected to exceed 75 billion by 2025, underpinning the 

transformative potential of this technology. 

This paper provides a structured review of the IoT landscape, detailing its functional 

architecture, key components, application domains, inherent advantages, existing challenges, 

and future directions. The objective is to present a consolidated reference for researchers, 

engineers, and practitioners engaging with IoT systems. 

II.  Definition and Concept of IoT 

The Internet of Things can be formally defined as an ecosystem of heterogeneous 

physical objects, each assigned a unique Internet Protocol (IP) address, capable of 

communicating with other devices, systems, and platforms via the internet. This interconnected 

network enables seamless data collection, exchange, and action without mandating continuous 

human interaction. 

IoT is recognized under several terminological variants in the literature, including 

Machine-to-Machine (M2M) communication, Cyber-Physical Systems (CPS), and the Internet 

of Everything (IoE), each emphasising a distinct aspect of the connectivity paradigm. In 

essence, the IoT ecosystem bridges the physical world and digital infrastructure, enabling 

objects to sense their environment, process contextual information, and respond adaptively. 

III.  IoT Architecture and Working Mechanism 

IoT systems generally operate through a four-layer functional pipeline: 

• Perception Layer: Sensors and actuators capture physical-world data such as 

temperature, motion, health metrics, and location. 

• Network Layer: Collected data is transmitted via wireless or wired communication 

protocols including Wi-Fi, Bluetooth, Zigbee, LoRa, or cellular (4G/5G) technologies. 

• Processing Layer: Data is aggregated, filtered, and analysed on cloud platforms or 

edge servers to extract actionable insights. 

• Application Layer: Results are delivered to end-users through mobile applications, 

web dashboards, or automated control outputs. 

This layered model ensures modularity, scalability, and ease of integration across 

heterogeneous devices and platforms. 
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IV.  Key Components of IoT 

A functional IoT deployment relies on four foundational elements: 

A. Devices and Sensors 

Smart devices embedded with sensors serve as the primary data acquisition units. These 

include temperature sensors, accelerometers, GPS modules, cameras, and biometric sensors. 

Actuators complement sensors by enabling responsive physical actions based on processed 

data. 

B. Connectivity Infrastructure 

The communication backbone of an IoT system may comprise short-range protocols 

(Bluetooth, Zigbee, Z-Wave), medium-range protocols (Wi-Fi, WiMAX), or wide-area 

protocols (NB-IoT, LTE-M, 5G). Protocol selection is governed by factors such as power 

consumption, bandwidth requirement, and deployment range. 

C. Cloud and Edge Computing 

Data processing is performed either in centralised cloud infrastructures (Microsoft 

Azure, AWS IoT, Google Cloud IoT) or at the network edge to minimise latency. Edge 

computing has gained prominence in latency-sensitive applications such as autonomous 

vehicles and industrial automation. 

D. User Interface 

End-user interaction is facilitated through mobile applications, web-based dashboards, 

or voice-controlled interfaces, enabling real-time visualisation, control, and alert management. 

V.  Applications of IoT 

A. Industrial IoT (IIoT) and Manufacturing 

IoT-enabled smart factories leverage sensor data for predictive maintenance of 

machinery, real-time supply chain optimisation, and automated quality control. IIoT 

deployments have demonstrated significant reductions in unplanned downtime and operational 

costs. 

B. Smart Cities and Infrastructure 

Urban IoT applications encompass intelligent traffic management, environmental 

monitoring, smart lighting, waste management optimisation, and water distribution control. 

Connected city platforms integrate heterogeneous data streams to enhance governance 

efficiency and quality of life. 

C. Healthcare (Internet of Medical Things — IoMT) 

IoMT solutions support remote patient monitoring, wearable health trackers, connected 

diagnostic equipment, and medication management systems. Such systems reduce 

hospitalisation rates and enable personalised, data-driven care. 

D. Automotive and Transportation 

IoT underpins vehicle telematics, fleet management, real-time navigation, and the 

development of autonomous driving systems. Vehicle-to-everything (V2X) communication 

protocols enable safer and more efficient road networks. 
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E. Smart Agriculture 

Precision farming employs IoT sensors for soil moisture monitoring, automated 

irrigation, livestock tracking, and drone-based crop surveillance. These approaches optimise 

resource utilisation and improve crop yield predictability. 

F. Retail and Logistics 

Smart shelves, RFID inventory systems, and real-time shipment tracking enhance 

supply chain visibility and enable personalised retail experiences. IoT-driven logistics 

platforms improve delivery accuracy and reduce operational inefficiencies. 

VI.  Advantages of IoT 

The deployment of IoT systems offers a broad spectrum of operational and strategic 

benefits: 

• Automation of repetitive tasks reduces human error and operational cost. 

• Real-time monitoring enables immediate awareness and rapid response to dynamic 

conditions. 

• Data-driven insights support superior decision-making across industries. 

• Resource utilisation improvements yield measurable reductions in energy, water, and 

material consumption. 

• Seamless integration of heterogeneous systems enhances overall operational 

efficiency. 

VII.  Challenges in IoT Deployment 

A. Security and Privacy 

The distributed and heterogeneous nature of IoT networks introduces significant 

cybersecurity vulnerabilities. Each connected device constitutes a potential attack vector. 

Inadequate authentication protocols, unencrypted data transmission, and infrequent firmware 

updates compound these risks. Privacy concerns are amplified by the volume and sensitivity 

of data continuously collected by IoT devices. 

B. Data Management 

The scale of data generated by large-scale IoT deployments presents substantial 

challenges in storage, transmission bandwidth, processing efficiency, and long-term archival. 

Effective big data management frameworks are essential for deriving value from IoT data 

streams. 

C. Interoperability and Standardization 

The proliferation of proprietary protocols and platforms has created significant 

interoperability barriers. The absence of universal standards impedes seamless communication 

between devices from different manufacturers and ecosystems. 

D. Cost and Scalability 

Initial infrastructure investment, including hardware procurement, network 

deployment, and software integration, can be prohibitive for small and medium enterprises. 

Scaling IoT deployments while maintaining reliability and security adds further complexity. 
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E. Internet Dependency 

IoT systems are fundamentally dependent on stable and continuous internet 

connectivity. Network outages or bandwidth limitations can render mission-critical IoT 

applications non-functional, raising concerns about reliability in remote or infrastructure-

limited environments. 

VIII.  Future Scope and Emerging Trends 

The convergence of IOT with several emerging technologies is anticipated to 

significantly expand its capabilities and application domains: 

A. Integration with Artificial Intelligence 

AI-powered IoT (AIoT) systems can autonomously analyse sensor data, detect 

anomalies, optimise processes, and make context-aware decisions without human intervention. 

Machine learning models deployed at the edge enable real-time intelligent responses with 

minimal latency. 

B. 5G Connectivity 

The widespread deployment of 5G networks promises ultra-low latency (sub-1 ms), 

high bandwidth, and massive device density support—capabilities that are transformative for 

real-time IoT applications such as autonomous vehicles, remote surgery, and smart grid 

management. 

C. Smart Environments 

IoT will increasingly underpin fully intelligent environments—smart homes, smart 

hospitals, smart campuses, and smart cities—where every physical system is monitored, 

controlled, and optimised through interconnected digital platforms. 

D. Advanced Healthcare 

Next-generation IoMT platforms will support AI-assisted diagnostics, remote robotic 

surgery, personalised treatment protocols, and continuous population health monitoring, 

fundamentally transforming healthcare delivery models. 

IX.  Conclusion 

This paper has presented a comprehensive review of the Internet of Things, 

encompassing its conceptual foundations, architectural framework, enabling components, 

application landscape, operational advantages, and deployment challenges. IoT is not merely a 

technological advancement but a fundamental shift in the relationship between the physical 

world and digital infrastructure. 

-Janavi Ovalkar BE(EXTC) 

 

 


