The beginning of this landmark year celebrating 25
years of excellence fills me with immense pride as |
reflect on the extraordinary journey of Narula Institute
of Technology. Over the years, NIT has not merely
imparted education; it has nurtured inntora,
leaders, and pioneers who are shaping the future.
Narula Institute of Technology, a flagship institution
under the aegis of JIS Group, has emerged as a
premier centre of technical education in Eastern India.
Since its inception, the institute has Ibwa strong
legacy of academic excellence, industry relevance,
and a culture of continuous innovation, making this
silver jubilee year truly significant.
In today's rapidly evolving technological landscape,
Artificial Intelligence stands as a transformatiorce
. redefining industries and societies. It gives me
Sardar Taranjit Singh  immense pieasure to witness the successful
Managing Director organization of Al Utkarsh 2026, a iandmark initiative
JIS Group that reflects our unwavering commitment to
innovation, research, and academic excellence.
JIS Group ks consistently stayed ahead through its academic excellence, and with the advent
of Al, we are committed to being among the first to adapt, innovate, and lead this
transformation.
To our young innovators and participants, | would like tadsaile Artificial Intelligence
may be the tool, it is your creativity, curiosity, and courage that will shape the future. Let this
platform inspire you to think boldly, collaborate meaningfuiiy, and create soiutions that make
a difference.
This commemorative volume, "Altkarsh: Chronicles of NexBen Al, " captures the spirit of
this landmark yedr blending our proud 2year legacy with forwardlooking ideas and
innovations that will define tomorrow.
| extend my sincere appreciation to all the distinguished speakerstrindgxperts, faculty
members, and students whose contributions have made this initiative a grand success.
| extend my best wishes to Narula Institute of Technology for reaching greater heights and
achieving continued success in the years to come.
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The celebration of 25 years of excellence is not just a
mileston@ it is a moment to re imagine what the future
can look like. These 25 years have built a strong
foundation, but what truly defines us is how boldly we
shape what comes next.
Narula hstitute of Technology has evolved into a space
where ideas are encouraged, innovation is nurtured, and
students are empowered to think beyond boundaries.
Today, it is recognised as one of the most progressive
and futureready institutions in Eastern IndidVith
NAAC A accreditation, NBAaccredited
programmes, and recognition as a NlRiRked
institution, NIiT continues to set benchmarks in quality
education and institutional excellence. At JIS Group,
staying ahead is not just a gdalt is a mindset. As &
. . step into an era driven by Artificial Intelligence, the
Sardar Slmarpreet Singh rules of the game are changing faster than ever, Al
Director Utkarsh 2026 and HACYO-NIT are not just evends
JIS Group they are platforms where the future is being built in real
time. We are not here to follow changee are here to
create it. Our focus is clearo integrate Al into learning, research, and innovation in ways
that make our students futuready from day one.
To every student and innovator participatintis is your time, Technology will give you the
todls, but it is your mindset, your willingness to experiment, and your courage to challenge the
norm that will truly set you apart. Build, break, learn, and build again.
This commemorative volume, "Al Utkarsh: Chronicles of N&en Al," captures not just
ideas, but the spirit of a generation ready to lead the Al revolution.
As we celebrate this journey, let us not pause for toaddhg real excitement lies ahead.
Wishing Narula Institute of Technology continued momentum, new milestones, and even
greater impct in the years to come.
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Artificial Intelligence is no longer an emerging trénd
it is the defining force of our times, reshaping
industries, economies, and the very way we think and
innovate. Platforms like Al Utkarsh 2026 at Narula
Institute of Technology are crucial because they move
the conversation from theory to reabrld application,
from awareness to action.
As a panelist, it was truly encouraging to witness the
s depth of discussions, the diversity of perspectives, and
(\\ the lewel of curiosity among students and professionals
4 ’,\ alike. What stood out most was the collective irdent
I- not just to understand Al, but to meaningfully
‘ = contribute to its evolution. This is exactly the mindset
that will define the next generation of leaders.
Mr. Bidyut Majumdar At JIS Group, we strongly believe that the future
Deputy Direstor— Busi belongs to those who can seamlessly integrate
puty Uirector usiness
Development technology with purpose. Al is not just about algorithms
JIS Group or automation; it is about solving complex problems,
enhancing human potential, and creating scalable
impact. Events like Al Utkarsh and HAG®-NIT serve
as live ecosystems where innovation is tested, ideas are challenged, and solutions are built in
real time.
Narula Institute of Technology has demonstrated a clear vision in embracing this
transformation. By creating opportunities for students to engage with cutiohge
technologies, collaborate with industry experts, and participate in {wendsiovation, the
institution is actively shaping a futuready talent pool.
To all participants, | would séythis is your opportunity to experiment fearlessly. The Al
landscape is evolving rapidly, and there is no fixed path to success. What matters is your ability
to adapt, to question existing norms, and to continuously learn. Do not be afraidto fail
because in Alevery failed attempt is simply data for a better outcome.
The commemorative volumg, A1 Ut kar s h: @Ghemo mkflectddtesseryospirit Ne x t
of exploration and forwarthinking. It is not just a documentation of ideas, but a testament to
the transformative potential of young minds when given the right platform.
As we look ahead, the focus must remain on building responsible, ethical, and impactful Al
solutions. The journey has just begun, and the possibilities are limitless.

Al UTKARSH: CHRONICLES OF NEXT-GEN Al




Narula Institute of Technology is a well
known private autonomous engineering college
located in Kolkata, West Bengal, India.
Established in 2001 under the aegis of JIS
Group Educational Initiative. It has grown into
one of the prominent technical institut®m
eastern India, reflecting its academic quality
and standards with NIRF ranking and NAAC
O0AG6, NBA accreditations.
Marking 25 glorious years of academic and
technological leadership, Al UTKARSH 2026
Is a flagship tweday Al Summit hosted by the
Narula hstitute of Technology. This premier
gathering unites industry pioneers, researchers,

Prof. (Dr.) Subhram Das and startups to explore the frontiers of Artificial

Principal Intelligence, balancing cuttingdge innovation
Narula Institute of Technology with essential ethical discourse. Through kigh
level keynotes and intactive exhibitions, the

summit serves as a catalyst for futneady collaborations.
A cornerstone of the event is Ha€kNiT, a nationwide Al hackathon that challenges
young visionaries to engineer practical solutions for today's most pressing issnes. Fr
Generative Al, healthcare, smart infrastructure, cybersecurity, and education,
participants have the chance to transform raw ideas into impactful prototypes while
receiving direct mentorship from tdjer industry experts. Designed to foster
innovation and practical problersolving, the hackathon brings together students,
developers, and young innovators to create impactfukwedt Al solutions.
Beyond showcasing groundbreaking ideas,
NextGen Al 0 e nyiibofla neveeratohtlenkess ready to drive the global Al
transformation. May this Al Summit be a beacon of innovation and the hackathon be
the birthplace of the next great tech solution. Let us continue to strive for excellence,
together.
| wish all thestakeholders of Narula Institute of Technology continued brilliance as they
strive for excellence. May the coming years bring even greater milestones and a legacy
of innovation.
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Narula Institute of Technology has always believed
in transfoming limitations into opportunities for
meaningful impact. Over the past 25 years, we have
worked with a clear purpodeto serve society
through quality education, innovation, and
responsible practices.

As we move ahead, our vision is to become even
moresocially focused, where technology, especially
Artificial Intelligence, is used not just for
advancement, but for solving reabrld challenges
and creating a positive difference.

Al Utkarsh 2026 reflects this commitment. It is more

Dr. Nidhi Singh than just a sumndtit is a platform that brings
Registrar together academicians, industry experts,
Karsts nstituis ol Tecknalogy researchers, startups, policymakers, and students to

exchange ideas and explore how Al can be used responsibly for the greater good.

One of the key highlights of this initiative is Ha€kNiT, our twoday Al hackathon.

It provides young innovators with the opportunity to think creatively, build practical
solutions, and engage with experts, turning their ideas into impactful outcomes.

The volume, fAAl Ut k@ems hAl ,&shlhecsainpidfdohovatgiono f Ne
and the vision of those shaping the future of Al.

As we celebrate 25 years of our journey, we look forward to a future that is more
inclusive, responsible, and driven by meaningful innovation.

Wishing the entire Narula Instituéd Technology family continued success as we move

ahead with purpose and impact.
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It is a privilege to extend my greetings on the occasion
of Al Utkarsh 2026, organized by Narula Institute of
Technology, Kolkata, as part of its -§®arlegacy of
academic excellence.

Artificial Intelligence today stands at the forefront of
technological transformation, influencing diverse
sectors ranging from healthcare and governance to
education and industry. In this context, the theme
ARespon$l bheva@&atli on wibathh 1| nt e
timely and essential, emphasizing the need to align
cuttingedge advancements with ethical responsibility,
transparency, and societal impact.

Prof. (Dr.) Amlan Chakrabarti | commend the organizers for envisioning a platform
Director H s :
A.K. Choudhury School of Information Technology that brlngs together r%ﬂ:hers., -a.Ca-deml(:lanS, IndUStry
University of Calcutta experts, and students. Such initiatives not only promote
Visiting Professor interdisciplinary collaboration but also inspire young

h . . . . .
R minds to engage in meaningful innovation that

addresses reaborld challenges.

As educators and researcherss ibur collective responsibility to ensure that Al systems are
designed with robustness, fairness, and accountability. Forums like Al Utkarsh play a crucial
role in fostering dialogue, sharing knowledge, and strengthening the bridge between academia
and irdustry.

| am confident that this event will serve as a catalyst for innovative ideas, impactful research,
and collaborative partnerships, contributing significantly to the advancement of Al in a
responsible and sustainable manner.

| extend my best wishesifthe success of Al Utkarsh 2026.
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Dr. Hena Ray
Associate Director
Scientist F
C-DAC, Kolkata

It is a matter of great pride and pleasure to extend my warm
greetings on the occasion AfF UTKARSH 2026organized by
Narula Institute of Technology.

Artificial Intelligence is rapidly transforminthe way we live,
learn, and innovate. Platforms like Al UTKARSH play a vital
role in bringing together researchers, academicians, and
students to exchange ideas, showcase advancements, and
explore future directions in this dynamic field.

| commend the orgazers for their dedicated efforts in hosting
such a meaningful event that encourages knowledge sharing,
interdisciplinary collaboration, and technological excellence. |
am confident that this initiative will inspire participants to
contribute significanyl toward the advancement of -Ativen

solutions for societal and industrial challenges.
| extend my best wishes to all participants, contributors, and organizers for the grand success
of Al UTKARSH 2026. May this event pave the way for impactful reseandhranovation.
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It is a great honor to extend my warm greetings on the
occasion ofAl Utkarsh 2026, hosted by Narula
Institute of Technology, Kolkata.

As the world rapidly advances into an era driven by
artificial intelligence, mitiatives such as this summit
play a vital role in shaping a future that balances
innovation  with  responsibility. The theme,
ARespontslimdeyv atli on weflecth | nt e
a profound commitment to ensuring that technological
progress remains aligd with ethical values,
transparency, and societal wbging.

I commend the organizers for creating a
multidisciplinary platform that brings together

Dr. Nguyen Thi Kim Son academia, industry, and young researchers. Such
VieeRectar ~ collaborations are essential for fostering meaningful

School of Information and Communication . .
Fechnology dialogue, encouraging knowledge exchange, and
Hanoi University of Industry developing Al solutions that are inclusive, sustainable,

and impactful across global communities.
From an academic perspective, this initiative also highlights the critical role of higher education
institutions in nurturing talent, promoting research excellence, and building international
partnerships. Events like Al Utkarsh not only inspire innovation but also strengthen global
cooperation in advancing Al for the benefit of humanity.
| am confident that this sumiwill provide valuable insights, stimulate innovative ideas, and
open new avenues for collaboration among participants from diverse backgrounds.
| extend my best wishes for the grand success of Al Utkarsh 2026.
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Al Utkarsh: Scaling Excellence Through
Responsible Innovation

Kolkata has always been a sanctuary for the
polymath, the thinker who refuses to see a wall
between scientific rigour and humanistic values.
As we gather at the Narula Institute of
Technology for Al Utkarsh 2026, weint
ourselves at a similar ¢
witnessing a technological shift; we are
participating in a fundamental evolution of the
societal fabric. The theme of this sumnit
Responsible Al: Innovation with Integrity not
just a slogan. It iswr roadmap for ensuring that

Dr Rishi Jain the intelligence we build is as purposeful as it is
Program Director powerful.
Asian Institute of Technology, Thailand The Shift from Capability to Utility
Managing Editor Artificial Intelligence has long outgrown its
International Journal of Deep Tech in identity as a niche academic pursuit. Today, it is
Medical Science and Technology the central nervous system ofet global
[Executive Member _ industry. We are living through a period of
el unprecedented  creative and  analytical

empowerment. From optimising the labyrinthine logistics of global trade to personalising
education for the next generation and accelerating drug discovery, Aébasé the "Force
Multiplier" of the 21st century.

However, for innovation to be truly impactful, it must be sustainable. "Utkarsh," or excellence,
is not achieved by simply stacking parameters or building the most complex model possible.
True excellence isealised when a system works reliably, fairly, and transparently for the
diverse populations it is meant to serve.

The Strategic Rise of SLMs: Efficiency as a Virtue

A pivotal chapter of this evolution is the strategic pivot toward Small Language Models
(SLMs). While Large Language Models (LLMs) showcased the "art of the possible,” SLMs
represent the "art of the practical." These models are leaner, faster, and significantly more
resourceefficient.

By prioritising SLMs, we embrace a more democratic angapgiAl landscape. These models
allow for "ondevice" processing, keeping sensitive user data local and e diteral
cornerstone of digital integrity. Furthermore, their lower computational footprint means that
high-tier Al is no longer the exclusiyovince of those with massive server farms. For a nation
as vast as India, SLMs offer a pathway to localised, accessible, and environmentally conscious
innovation.

Integrity: The Engine of Growth

Too often, "Responsibility” and "Innovation™ are framedoaposing forced the gas pedal
versus the brake. In reality, Integrity is the engine. When we build Al systems with integrity,
we are building Trust, which remains the primary currency of the digital economy.

A transparent system is easier to scale; arfadtel captures a wider market; and an architecture
that prioritises privacy gains lorigrm user confidence. By embedding these values into the
development cycle from day one, the innovators here at NIT are creating "IneéGsaukd"
solutions that the wrld can actually rely on.
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A Vision for the Architects of Tomorrow

To the students and researchers at this summit: you are the architects of this new digital
infrastructure. Your role is to balance the ambition of wdaetbe built with the foresight of

how it shouldbehave.

Our goal at Al Utkarsh is to foster an environment where technical brilliance is matched by
ethical clarity. As you dive into the keynote sessions and the-Badkl challenge, | urge

you to build Al that is as "Compassionate” as iti€al cul ated. " Let us F
intellectual legacy by ensuring that our innovations are defined not just by their code, but by

their character.

Let us Innovate with Intent, Lead with Integrity.
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The Imperative: Why Al, Why Now
Water scarcity, floods, droughts, and climatduced

disasters are escalating in frequency and severity across the
globe. Recent UN estimates indicate that approximately 2.4
billion people lived in watestressed countries (as of 2020
datg, while direct economic losses from disasters have
frequently exceeded USD 300 billion annually, with total
costs including cascading and ecosystem impacts reaching
far higher figures. Traditional approaches to water
Dr. Surajit Ghosh governance and disaster preparednessstrained by
'“‘e’“a“““allrﬂi’i‘tz:ema“ageme“‘ fragmented data, reactive decisimraking, and institutional
Colombo, Sti Lanka silos, are no longer sufficient. Artificial Intelligence offers a
transformative paradigm, enabling predictive analytics; real
time decision support, and intelligent resource alion that can fundamentally reshape how
nations safeguard water security and mitigate the risk of hydrometeorological disasters.

The WMOOGs Early Warnings for AlIl initiative
programmes increasingly leverage Alr filood prediction, hydrological forecasting, and
transboundary water cooperation. Landmark satellite missions NASAR O6s NI SAR, E S

Copernicus, and JAXAOs -skaleEarth®bservaipe datagetathat ng p
Al is uniquely positioned taanslate into actionable intelligence for flood inundation mapping,
groundwater assessment, cyclone monitoring, and drought surveillance at continental scales.
Hydrological models that integrate upstream satellite observations with downstream gauge data

can enhance flood forecasting accuracy across borders and support e\idsedehydro

diplomacy. However, the efficacy of physical models is fundamentally constrained by the
availability and quality of grountl r ut h dat a. I ndi ads twogands e hy
irregul ar reporting |l ags constitute a criti
expanded in situ monitoring, citizen science, and loT deployments. Foundation models such as
Prithvi-EO-2.0 further overcome data limitations by streanly the handling of extensive

datasets essential for predictive modelling and enhancing the precision of hazard assessments.
Al-driven solutions directly accelerate progress on SDG 6 (Clean Water and Sanitation), SDG

11 (Sustainable Cities), and SDG 13lif@ate Action), while the Sendai Framework for

Disaster Risk Reduction (DRR) recognises ditaen technologies as transformative for
strengthening risk understanding, governance
Better. o

| ndi ads DriangdiDisaster R&¥dience Agenda
I ndia is reported t o bseessedaad dsdstenindrable wationsl d 6 s n
A combination of i ndigenous and advanced t e
di saster prepar edn dgianecosydted) Réatirang FAPAT, tCartos@thasice r v a
the NISAR mission, provides unparalleled SAR and optical data forreaktime flood
inundation mapping, crop water stress assessment, and landslide susceptibility modelling.
Nationatscale jnitiatives sucas the Indian Land Data Assimilation System (ILDAS) integrate
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coupled models, while platforms like BrahmaSATARK and GBMMPACT enable impaet
based forecasting for the GaigaahmaputraMeghna basin. Complementing these efforts,
the Gram Panchayat Leveldather Forecasting programme, the khigbolution BharatFS, and
emerging tools like MausamGPT are enhancing villegel weather intelligence.

SukhaRakshak Al , Il ndi ads fir st -logah tnultiingyalat or vy
advisoriesinogr 22 I ndian | anguages to farmers and
through Digital I ndi a, the | nkRointtAgehdatMiDRR i o n ,

are building a sovereign technological foundation aligned with the vision of ViksitaB
2047.

Yet, grassroots deployment of-pbwered tools must be accompanied by sustained investment
in digital literacy and capacity building for frontline workers, including Accredited Social
Health Activists (ASHA) workers, Gram Panchayat officialad docal disaster response
volunteers. In many rural and tribal areas, limited internet connectivity, low smartphone
penetration, and linguistic diversity present formidable barriers, demanding multilingual, low
bandwidth, offlinecapable applications dgsied through participatory approaches that centre
community knowledge alongside algorithmic intelligence. Equally critical is the establishment
of interoperable data har i ng fr amewor ks across I ndiabds i
Central Water Commssion (CWC), Indian Meteorological Department (IMD), ISRO, and
National Disaster Management Authority (NDMA) through federated data architectures,
standardised APIs, and common data schemas to enable seamlessuncgtiintegration for
timely early warrmgs and resource allocation.

A Call to Collective Action
A critical advancement lies in shifting from reactive disaster response to anticipatory action, in

which Al-driven early warnings are directly linked to feanged financing, triggers, and
rapid-response protocols, aligned with global frameworks. Emerging solutions, such as digital
twins of river basins and water systems, fur
in-situ sensors, and predictive modelling for scenbased planning andkal time decision
support. However, the communities most vulnerable to water insecurity and disaster impacts
are often the least represented in training datasets and the most excluded from technology
governance. Gendeesponsive Al design is essentiad, \women and girls in watetressed

and disasteprone regions bear disproportionate burdens. Al systems must incorporate sex
disaggregated data and genddferentiated vulnerability indicators, and inclusive
engagement e nc o mp-lep grupsgindigeoaue cordnsunitese and persons
with disabilities must be embedded at every stage of the Al lifecycle.

Sustaining Aldriven water and disaster management systems beyond initial deployment
requires deliberate attention to letegm financial and istitutional models. Model retraining,
compute infrastructure, software maintenance, and human capacity all entail recurring costs
that pilotphase funding rarely accounts for. Governments, multilateral agencies, and
development partners must-design sustinability frameworks that include dedicated budget
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lines, publieprivate partnerships, and opsaurce community stewardship to ensure that
critical systems do not degrade once project funding concludes.

As Al systems increasingly influence ltgitical decisions, flooeevacuation triggers, water
allocation priorities, and disastegsource deployment, the imperative for responsible Al
governance becomes absolute. FAIR data principles (Findable, Accessible, Interoperable, and
Reusable) serve as the tedabi backbone for building robust and trustworthy systems,
transforming fragmented data ecosystems into magtgtienable infrastructures that enhance
accuracy, scalability, transparency, and reproducibility efithten solutions.

The convergence of AEO, and deep domain expertise presents an unprecedented opportunity
to build watersecure and disastegsilient societies. Realising this vision demands sustained,
purposeful collaboration across academia, government, industry, and civil society,
transceding institutional silos and national borders. Al Utkarsh 2026 is a clarion call to the
global community to harness Al not as an end in itself, but as an instrument of equity,
sustainability, and human dignity, ensuring that the transformative poweeltitjgrt systems
serves those who need it most.
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As | reflect on the journey that has led us to this Al Summit,
| am reminded that the most profound technological
revolutions are not defined by the complexity of their code,
but bythe depth of their societal integration. My research
group has long been anchored in a singular pursuit: how do
we architect artificial intelligence that is not just powerful,
but inherently participatory, private, and purposeful? The
concepts of Social A Federated Learning, and Harmonic
Al are not disparate threads; they are the interdependent
pillars of what | believe constitutes Ne®@en Al. For years,
the dominant paradigm of Al has been centralized
monolithic model consuming vast datasets in@esilcloud.
While effective, this approach breeds inherent risks: data
sovereignty violations, privacy erosion, and a disconnect
: from the very communities it aims to serve. My work in
Dfngﬁeﬁ?oi'loaﬁggzglﬁcgﬁ d Federated Learning emerged as a direct response to this
Englneating limitation. By biinging the model to the data rather than the
MAKAUT, WB, India data to the model, we enable a paradigm where intelligence
is distributed. In the context of a nation as diverse as India,
Federated Learning allows us to build robust models for healthcare, agriculture, atiduc
without compromising the privacy of individuals or the strategic autonomy of institutions. It is
the technical infrastructure for trust. If Federated Learning is the how, Social Al is the who, it
posits that Al systems must be designed to undergtamchuances of human interaction,
cultural context, and collaborative behaviour. Yet, understanding must be married to balance.
This is where the principle of Harmonic Al becomes critical. Harmonic Al deliberate
calibration of Al to augment human capalilitather than replace it, ensuring that as our
machines become smarter, our society becomes more equitable. The convergence of these three
pillarsd Federated, Social, and Harmahifinds its ultimate expression in Al for Social Good.
We are moving beyond tbeetical benchmarks to tangible impact. Whether it is using swarm
learning to predict ecological changes in the Sundarbans, deploying ppressrving
analytics for public health in rural Bengal, or creating adaptive pedagogic tools that respect the
linguistic diversity of our classrooms, the goal remains constant: to democratize the benefits of
Al . As we chronicle the era of #AAIlI Utkarsh, o
signifies uplift and excellence. But true excellence in Al cannotéasured solely by flops or
parameters. It must be measured by inclusion, by the reduction of bias, and by the
empowerment of the last mile. My message to the visionaries at this summit is to embrace the
complexity of this moment. Let us move away fromthal | ure of @Abl ack bo
commit to architectures that are federated by design, social by nature, and harmonic in
outcome. The future of Al is not about building machines that think like us; it is about building
an ecosystem that learns with st us ensure that the chronicles of N&en Al tell the story
of a technology that did not just advance, but uplifted.
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It is with great enthusiasm that we welcome youAlo
Utkarsh, a hackathon dedicated to exploring the limitless
possibilties of Artificial Intelligence. This event is not merely
a competitiod it is a celebration of human ingenuity,
collaboration, and the transformative power of technology.
Artificial Intelligence has rapidly evolved from theoretical
concepts into practicalpplications that shape our daily lives.
From healthcare diagnostics and sustainable energy solutions
to personalized education and advanced robotics, Al is
( redefining industries and creating opportunities for a better
future. The advancement of Al is npist about machines
learning it is about empowering humanity to solve complex
B A"a‘f‘h‘:ﬁ Sarkar challenges with creativity and precision.
IEEE Computer Chapter kolkata  Hackathons like Al Utkarsh serve as catalysts for innovation.
~ Section They provide a unique environment where diverse talents
g seniliciois g converge to brastorm, prototype, and build solutions that
push the boundaries of what is possible. Here, participants
will not only sharpen their technical skills but also learn the importance of ethical Al,
inclusivity, and responsible innovation.
As we embark on thioprney together, let us remember that the true advancement of Al lies
in its ability to enhance human potential. Every idea nurtured here has the potential to become
a breakthrough that impacts society positively. Together, we can ensure that Al refoaias a
for good, driving progress while upholding values of fairness, transparency, and sustainability.
Al Utkarsh is more than an evénit is a movement towards a future where technology and
humanity thrive together. Let us embrace this opportunity toviaweo inspire, and lead the
way in advancing Artificial Intelligence for the betterment of all.
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Artificial Intelligence is undoubtedly one of the most
transformative forces of our time, reshaping industries,
governance, healthcarenéince, and education. As we gather for

Al Ut karsh 2026, t Hénovatiomwmth 0N Re s
I ntegrityo reminds us that tech
guided not only by capability but by conscience.

Al has accelerated innovation at an unprectstepace. From

intelligent decisiormaking systems to predictive analytics, it is
redefining productivity and enabling smarter ecosystems.
However, alongside these advancements arise critical concerns

Dr. Debayan Ganguly

Officer like ethical ambiguity, algorithmic bias, data privaand
. Sfrf’??*a:)Dutvt(%éD)t transparency. The responsibility, therefore, lies not just in
X-O1TICIO Depu irector . . . . . .
il T dleal B i, developing Al systems, but in ensuring they are fair, inclusive,
Government of West Bengal and accountable_

At the same time, it is important to reflect on what we truly mean
by fAinnovati on. 0 rreplcatignalh recenm timdsyvee haversedn instemces
where institutions acquire reatlyade technologies such as purchasing robotic systems and
present them as indigenous developments. Such practices may create an illusion of progress
but do not contrib& to genuine knowledge creation. Similarly, filing a large number of patents
does not necessarily equate to meaningful innovation, especially when acceptance rates remain
low. True innovation is not measured by numbers alone, but by originality, impdcdten
ability to solve realvorld problems.
Real innovation emerges from deep intellectual engagemént t may be call ed
inquiry.o It requires critical thinking, cur
dimension where human cteaty plays a central role. While Al is a powerful enabler, it does
not possess intrinsic curiosity or sdliven exploration. It can assist, augment, and accelerate
processes, but it cannot replace the depth of human insight that drives breakthrasigh ide
Therefore, the role of Al should be seen as that of a tool:an extraordinarily powerful one, but
still a tool. When used responsibly, it can enhance research, optimize solutions, and open new
frontiers of discovery. However, ovegliance on Al withoutfoundational understanding risks
creating a generation that consumes technology rather than creates it.
Platforms like Al Utkarsh 2026 are crucial in shaping this perspective. By bringing together
academicians, industry leaders, policymakers, and studeetsummit fosters meaningful
dialogue on both the opportunities and responsibilities associated with Al. It encourages us to
move beyond superficial metrics of success and focus on building systems that are ethical,
sustainable, and genuinely innovative.
As Narula Institute of Technology celebrates 25 years of academic excellence, this summit
stands as a testament to its commitment to responsible education and -thimkind
research. The journey ahead calls for a balanced apjroelobre innovation isaoted in
originality, and technology is guided by integrity.
In conclusion, the future of Al will not be defined solely by how advanced our systems become,
but by how thoughtfully we use them. Responsible Al is not a limitatisrthe foundation of
meanngful and lasting innovation.
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Artificial Intelligence is reshaping industries, education,
and research at an unprecedented pace, redefining how we
approach innovation and solve complex challenges. As
the Director of ELMAX Systems and Solutions, | am
proud of our continued commitment to empowering
engineers, researchers, and students with advanced
MATLAB tools and technologies that accelerate
discovery and enable the development of intelligent; real
world solutions using MATLAB & Simulink.

MATLAB offers a powerful set of toolboxes for
Engineers that support the complete Al workfioiwom

data analysis to deployment.

Mr. Debashis Chakrabarti Some important Toolboxes for Al+X Application:

Director 1 Statistics and Machine Learning Toolbox
ELMAX Systems and Solutions Enables data preprocessing, classification, regnessi
and clustering for building ML models.
1 Deep Learning Toolbox

Provides tools to design, train, and deploy neural networks such as CNNs and LSTMs.

1 Computer Vision Toolbox

Supports image and video analysis, object detection, and Jdased Al applicatios.

1 Fuzzy Logic Toolbox

Facilitates rulebased intelligent system design.

This Al summit (Al UTKARSH 2026) brings together a vibrant community to exchange ideas,
explore statof-thear t advancement s, and coll aborate o
critical challenges. From machine learning and deep learning to control systems and embedded
Al, the opportunities ahead are both vast and transformative.

| encourage you to actively engage, share your insights, and take full advantage of this platform
to despen your expertise and build meaningful connections with peers and leaders across
academia and industry.

Wishing you a highly productive and inspiring summit.
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Having recently represented our company at the Al India
Summit 2026, whereve witnessed thousands of visitors
engaging deeply with our solutions, one thing became very
clea® Al is no longer a distant concept; it is actively shaping
industries, businesses, and everyday life. The scale of
curiosity, adoption, and realorld applicdion we observed
reinforces how critical such platforms are in accelerating
innovation.

| would like to sincerely appreciate Narula Institute of
Technology for organizing Al Utkarsh 2026 and creating such
a meaningful platform within an academic environtmen

I nitiatives | i ke this demonstra
Mr. Arijit Das bridging the gap between education, innovation, and industry.
Co-founder and Director Events like Al Utkarsh play a uniquely important role,

Aeonix Research and Innovations

o especially when organized within a college. Colleges are not

just centes of learning they are breeding grounds for the next
generation of innovators, founders, and researchers. By bringing together industry leaders,
researchers, and students under one roof, this summit creates a powerful bridge between
theoretical knowledgera reatlworld application.

From an industry perspective, one of the biggest challenges today is not just developing Al
solutions, but industrializing thelnmaking them scalable, reliable, and responsible. This
requires a multidisciplinary approach, combaistrong engineering fundamentals, ethical
considerations, and a deep understanding ofwedd problems. Platforms like this panel
discussion are essential to spark these conversations early among students.

For students, exposure to such discussionbearansformative. It helps them understand what
lies beyond textbookshow ideas evolve into products, how startups are built, and how
technologies like Al, 10T, and automation converge to solve meaningful problems. More
importantly, it inspires them tdink beyond conventional career paths and consider building,
innovating, and contributing to the ecosystem.

From a broader perspective, India stands at a pivotal moment in the global Al landscape. With
a vast talent pool and rapidly growing digital infrasture, we have the potential to not just
adopt Al but lead in creating scalable and responsible solutions for the world. However, this
requires strong collaboration between academia, industry, and govednswmnéthing that
events like Al Utkarsh activelgromote.

In conclusion, Al Utkarsh 2026 is more than just a su@ritits a catalyst. A catalyst for ideas,

for collaboration, and for inspiring the next generation to not just participate in the Al
revolution, but to lead it.

Thank you once again for thigoportunity. | look forward to being a part of the discussion and
contributing to the success of the event.
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It is a matter of great pride to welcome you alAfoUtkarsh
2026 the flagship Al Summit of Narula Institute of
Technology. This itiative aims to provide a vibrant platform
for academicians, researchers, industry experts, and students
to engage in meaningful discussions and explore the evolving
landscape of Atrtificial Intelligence.
With an emphasis on responsible, ethical, and egidir
oriented Al, the summit brings together keynote sessions,
panel discussions, and the H&@KNIT hackathon,
encouraging innovation, collaboration, and practical problem
solving. It also seeks to promote interdisciplinary research and
Dr. Shubhendu Banerjee strengthen theymergy between academia and industry. _
Biumanor We believe that such gatherings play a crucial role in shaping
~ ArUtkarsh futureready professionals who can contribute effectively to
probssrla i o ol technological and societal advancement. | sincerely thank all
speakers, participants, sponsa@sd organizing members for
their unwavering support and dedication.
| am confident that Al Utkarsh 2026 will serve as a catalyst for new ideas, partnerships, and
innovations.
Wishing everyone a highly engaging and enriching experience.

Al UTKARSH: CHRONICLES OF NEXT-GEN Al




It gives me immense pleasure to welcome yolltdJtkarsh
2026 a premier Al Summit organized by Narula Institute of
Technology. This event has been envisioned as a confluence of
knowledge, innovation, and collaboration, bringing together
bright minds fromacademia, industry, and research.

In an era where Artificial Intelligence is transforming every
facet of life, Al Utkarsh 2026 focuses on fostering responsible
innovation and impactful solutions. Through keynote addresses,
interactive panel discussiongjcathe HackO-NiT hackathon,

the summit encourages participants to think critically, innovate
boldly, and apply Al for realvorld challenges.

Dr. Bansari Deb Majumder  Beyond technical discussions, this platform aims to inspire

i young minds, nurture creativity, and build a strongnidation
Head, Dept. of Electrical Engineering for future collaborations. It reflects our commitment to
Ml et ol Thewblon advancing Al research and developing ethically aware, skilled

professionals.
| extend my heartfelt appreciation to all contributors and participants who have made this event
possible. | try believe this summit will ignite new ideas and leave a lasting impression on
everyone involved.
Wishing you all an inspiring and rewarding journey at Al Utkarsh 2026.
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RAKSHAMARG: Al -POWERED SAFETY NAVIGATION SYSTEM

Nivriti Pandg/?, Deep Sahla Aman Raj Bharti Arya Bhaga, and Arindam Dds

!Department of CSE(DS), Narula InstituwteTechnology, India
’Department of IT, Narula Institutsf Technology, India

OVERVIEW OF THE PROJECT

RakshaMarg is an Abowered safetfirst navigation system designed to enhance the security and
confidence of users, especially women, during travel. Traditional navigation systems primarily focus
on identifying the fastest or shortest routes, often ignoring safety concerns such gxrcnienaras,

poorly monitored zones, and isolated routes. RakshaMarg addresses this gap by prioritizing safety over
speed.

The system evaluates multiple routes between a source and destination and assigns a safety score to
each route based on relevant safety iaidics. These indicators include crime data, community
generated safety reports, and proximity to emergency services such as police stations and hospitals. By
leveraging Atbased analysis, RakshaMarg recommends the safest available route to the user.

In adlition, the system provides refiine safety awareness through alerts and contextual insights,
enabling users to make informed decisions while navigating. The integration afridata safety
evaluation and intelligent routing makes RakshaMarg a relsablgion for safer urban mobility.

PROBLEM STATEMENT

Most existing navigation applications are optimized for speed and efficiency, neglecting the critical
aspect of user safety. This becomes particularly problematic for women traveling during latevhour
often face challenges such as poorly lit streets, isolated areas, asuliimglzones.

Currently, safety decisions during travel are largely based on personal judgment rather than reliable and
reaktime data. There is no widely adopted systen pinavides safetfirst navigation by integrating
crime data, community feedback, and intelligent risk analysis.

OBJECTIVE

The primary objective of RakshaMarg is to develop a navigation system that prioritizes user safety by:
Recommending safer rostenstead of merely the fastest ones

Utilizing crime data and useyenerated safety reports for risk evaluation

Providing access to nearby emergency services such as police stations and hospitals
Enhancing situational awareness througtbAsed safetyralysis

Too Joo To T

PROPOSED SYSTEM

RakshaMarg operates by generating multiple possible routes between a source and destination using
navigation APIs. It then evaluates these routes using a combination of safety indicators, including crime
data and redime user rports.
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The system integrates Alased analysis to interpret these inputs and assign a safety score to each route.
Based on this evaluation, the safest route is recommended to the user. Additionally, the system
highlights nearby safety resources, ensuguigk access to help in case of emergencies.

METHODOLOGY

The working of RakshaMarg follows a structured pipeline:

The user enters the source and destination.

The system generates multiple routes using mapping APIs.

Safety data is collected from crémmecords and community reports.

Nearby safety resources such as police stations and hospitals are identified.
Al-based analysis evaluates the risk associated with each route.

A safety score is assigned to each route.

The safest route is recommendedh® user.

NogbkhwhE

TECHNOLOGY USED

Google Maps API for map visualization

Google Directions API for route generation
Google Places API for identifying nearby services
Gemini API for Akbased safety analysis

Firebase for storing and managing user reports

Too Joo T Joo To

RESULTS AND DISCUSSION

The implementation of RakshaMarg demonstrates that integrating-gafesed data with navigation
systems can significantly improve user confidence and deaisédking during travel. The system
successfully identifies safer routeddaprovides reatime insights into potential risks.

Although the current model uses basic safety indicators, it establishes a strong foundation for more
advanced safety prediction systems. The results highlight the effectiveness of combining Al with real
time data for practical safety applications.

CONCLUSION

RakshaMarg presents a novel approach to navigation by prioritizing safety over speed. By integrating
crime data, community insights, and-Bdsed analysis, the system provides users with safa rou
recommendations and enhances overall travel security.

This project contributes to the development of intelligent and safetye urban navigation systems
and has the potential to create a meaningful impact on public safety.

FUTURE SCOPE

Integration with official government crime databases
Development of a mobile application for wider accessibility
Implementation of redime safety heatmaps

Enhanced Al models for predictive risk analysis
Voice-enabled safety assistance for hafrds interactio

Too To Joo Joo To
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Al-POWERED MONITORING SYSTEM FOR SMART
INFRASTRUCTURE

Kundan Raj Singh Roshni Kumati, Arijita Pari&, Sonu Kumat, Sumit Kumaf and
Shubhendu Banerjée

!Department of CST, Narula Institute of Technology, Kolkata, India
2Department of CSE, Naruladtitute of Technology, Kolkata, India
3Department of ECE, Narula Institute of Technology, Kolkata, India

INTRODUCTION

In modern environments such as defence zones, industries, and educational campuses, ensuring safety
and security is a major challengeaditional monitoring systems like CCTV lack re¢imhe intelligence

and predictive capabilities. To address this issue, our project proposesPawéied Monitoring

System that integrates Artificial Intelligence and IoT to create a smart, automateckadtiche
surveillance solution.

PROBLEM STATEMENT

Critical sectors face issues such as:

Unauthorized human intrusion

Hazardous gas leaks

Abnormal activities

Delayed emergency response

Dependence on manual monitoring

These problems can lead to sesgisks including accidents, security breaches, and unsafe
environments.

O¢ O¢ O¢ O¢ O«

OBJECTIVE
The objective of this project is to develop a +éale intelligent monitoring system that:

Detects intrusion and suspicious activities using Al
Monitors environmentalisks using 10T sensors
Provides instant alerts based on risk levels
Integrates all data into a centralized smart dashboard
Uses predictive analytics to prevent future risks

O¢ O¢ O¢ O¢ O«

PROPOSED SOLUTION

The system combines:

Al-based computer vision for detectingharmal behavior
IoT sensors for gas and environmental monitoring
Realtime alert system (Low, Medium, High priority)
Centralized dashboard for live monitoring and control
Predictive analytics for risk prevention

This creates a unified, intelligent, and@aated monitoring platform.

O« O¢ O¢ O« O«
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APPLICATIONS

Defence: Detect intruders in restricted areas
Industry: Prevent accidents and monitor worker safety
Smart Campuses: Ensure student and staff security

TECHNOLOGY STACK

AlI/ML (Computer Vision, Anomaly Detection)
loT Sensors (Gas, Environmental Monitoring)
Frontend Dashboard

Backend Server (Real time user)

Cloud Computing

FEASIBILITY & VIABILITY

The system is:

O¢< O« O« O

O¢ O¢ O¢ O¢ O¢

The proposed Apowered monitdng system is a futureeady solution that enhances safety through
automation and intelligence. With strong scalability, high demand, and practical implementation, this
project has the potential to grow into a successful startup in smart security agitlasuo® systems.

Technologically feasible using existing tools

Scalable across multiple sectors

Costeffective due to autoation

Marketready with high demand for smart surveillance

IMPACT & BENEFITS

Improved safety and security
Faster emergency response
Reduced human error

Realtime monitoring and insights
Multi-sector usability

CONCLUSION

OZONE: AN ADAPTIVE Al -POWERED ASSESSMENT AND

DIAGNOSTIC ENGINE
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Aditya Ranjan Manda) Chayan Neodj Athai Mitrat, Soumyaijit Dash Ankit Raf, and
Soumya Bhattacharya

!Department of IT, Narula Institute of Technology, Katia, India
’Department of ECE, Narula Institute of Technology, Kolkata, India
3Department of CSE, Narula Institute of Technology, Kolkata, India

INTRODUCTION AND PROBLEM STATEMENT

Traditional mock testing platforms suffer from a critical limitatioreytlare purely evaluative. When a
student completes an exam, they are typically presented with a static score and a basic answer key.
These platforms fail to semantically analyse the student & mistakes, leaving the student to manually
deduce their own knowtlge gaps. Furthermore, educators spend countless hours manually typing and
formatting Previous Year Questions (PYQs) or mock tests into digital platforms. To bridge this gap, we
developed OZONE, an adaptive, -&diven educational technology platform. OZ8Nransforms

passive testing into active, personalized learning by leveraging Large Language Models (Google
Gemini 2.5 Flash) to automate exam creation for educators and generatpdrgpaalized diagnostic

reports for students.

CORE ARCHITECTURE AND FE ATURES

The OZONE platform is divided into two distinct, seamlessly integrated portals: the Educator Studio
and the Student Dashboard.

2.1 The Educator Studio Al Extraction Engine the Educator portal acts as a comprehensive command
center for exam generan. Its flagship feature is the Al PDF Extraction Engiaéucators can upload
standard PDF documents of past exams. The system processes the document and utilizes Al to
automatically extract question text, multikoice options, numerical answers (NATand
corresponding diagrams or images.

1 Hybrid Generation: If the Al misses a nuance, educators can utilize the Build from Scratch
module to manually inject questions, adjust marking schemes (e.g.;04#&6), and attach
official solution diagrams.

91 Live Deployment: Once an exam is constructed, it can be deployed to a private Live Room via
a unique Room ID, or pushed to a public live feed categorized by exam type (e.g., GATE ECE,
JEE Mains).

1 2.2 The Student Assessment Interface The student portal is desamnkighfocus exam
simulation

1 and subsequent deéjve review. Students can join active mock tests via a Live Public Feed
or by entering a secure Room ID. The testing interface supports MCQ, MSQ (Multiple Select),
and NAT

1 (Numerical Answer Type) formataccurately simulating competitive engineering and entrance
exams.

1 2.3 Al Performance Diagnostics (The Unique Selling Proposition) The true innovation of

OZONE
lies in its postexam analysis. Upon completing a test, students do not just receive atspre; t
generate an Al Diagnostic Report.

1 Semantic Topic Clustering: The platform sends the student performandesgeizifically
X he guestions they answered incorrectly or left unatteénpoeitie Gemini Al
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1 model. The Al reads the questions andhaetically clusters them into academic subjects
(e.g.Analog Electronics) or micttopics (e.g. MOSFET Biasing).
1 Weakness Identification: The Al calculates the exact accuracy percentage for each clustered
1 topic and colorcodes the students proficiency (@al, Average, or Strong). It explicitly lists
the exact sutooncepts the student failed to grasp.
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Fig 1 : Diagnostic & plans

9 Custom Action Plans: Based on the critical weaknesses identified by the Al, the platform allows
students to gnerate a customized, tifdeund study schedule (e.g.,- @&y or 14day recovery
plan) targeting those specific subjects.

TECHNICAL IMPLEMENTATION

OZONE is built on a modern, highly scalable tech stack:

1 Frontend: Next.js (App Router) and React providdigatningfast, serverendered user
interface. Tailwind CSS is used for highly responsive, accessible, and modern styling.

1 Backend & Database: Firebase (Fire store) serves as the NoSQL databasetifoe reshm
state management, student progress tnggkind result storage. Firebase Storage handles the
hosting of extracted exam diagrams and solution images.

9 Authentication: Clerk handles secure, rbksed user authentication (separating Educators and
Students).

1 Allntegration: The @google/generatiaeSDK connects the platform to the Gemini 2.5 Flash
model, which acts as the computational brain for both PDF data extraction and tlexawst
diagnostic generation.

CONCLUSION AND FUTURE SCOPE

OZONE successfully demonstrates how generative Al canilizedtto move beyond simple text
generation and act as an intelligent, analytical tutor. By automating the heavy lifting of exam creation
for teachers and providing actionable, ddteven recovery plans for students, OZONE represents the
next evolution & competitive exam preparation. Future iterations will aim to includetireal Quiz
Battles, adaptive difficulty testing, and deeper integrations with interactive visual learning tools.
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Al & IOT -POWERED ADVANCED WASTE SEGREGATION AND
MONITORING SYSTEM
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INTRODUCTION

Through our experience in hackathons amlworld problemsolving, we identified waste
management as a major urban challenge driven by rapid urbanization, population growth, and
increasing waste generation, while existing systems remain manual and inefficient. To address this, our
project intoduces an Al and lobased smart waste segregation and monitoring system that integrates
Al, 10T, edge computing, cloud computing, and robotics. This solution transforms traditional waste
management into an intelligent, automated, and-didan system tt enables reatime monitoring,

efficient resource utilization, and scalable operations.

PROBLEM STATEMENT

Despite advancements in technology, waste management systems still suffer from

several key limitations:

1. Absence of Proper Segregation at Sewtaste is typically disposed of without classification,
resulting in mixing of biodegradable, recyclable, and hazardous materials. This significantly reduces
recycling efficiency and increases landfill usage.

2. Inefficient Collection mechanisms Traditarcollection system operate on fixed schedules rather
than actual need. This leads to overflowing bins in some areas while others are serviced unnecessarily,
wasting time and resources.

3. Environmental and Health Hazards Accumulated waste releases Ihgas#s such as methane,
contributing to air pollution, climate change, and potential fire hazards. Poor waste handling also leads
to the spread of diseases.

4. Dependence on manual labour Sorting and handling waste manually exposes workers to hazardous
conditions and is prone to human error.

5. Lack of real time monitoring and Data Analytical Existing system do not provide continuous
monitoring and actionable insights, making decigiwaking inefficient.

These challenges highlight the urgent need for atsenstomated, and integrated

waste management system.

OBJECTIVES

The primary objectives of this project are:

To automate waste segregation usinghbAsed image processing

To monitor waste bins in real time using loT sensors

To detect hazardous environntel conditions such as methane gas levels
To optimize waste collection routes using GPS and data analytics

To reduce manual labour through robotic automation

To provide a usefriendly interface for monitoring and control

=A =4 =8 -8 -8 =9

PROPOSED SOLUTION
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We propose aomprehensive smart waste management system that combines sensing,
intelligence, and automation.

The system operates as an interconnected network of smart bins, processing units, cloud services, and
user interfaces. It continuously monitors waste conditioriassifies waste types, and triggers
appropriate actions.

Key functionalities include:

Automated waste classification into biodegradable and non

biodegradable categories using Al

Realtime monitoring of bin fill levels and environmental conditions

Detection of hazardous gases to ensure safety

Smart routing and tracking of waste collection vehicles

Robotic waste handling to minimize manual effort

Mobile-based control and alerts for efficient management

This integrated approach ensures efficiency, safety,sustainability.

E R .

SYSTEM ARCHITECTURE

The system is divided into the following major components:

A. Smart Sensor Nodes (Waste Bins)

Each waste bin is equipped with multiple sensors to collectirraldata:

Ultrasonic Sensor to measure the fill legéthe bin

Gas Sensor (M) to detect methane gas concentration

Temperature and Humidity Sensor (DHT11) to monitor environmental
conditions

ESP32CAM Module to capture images for Alased classification

Metal Detector to identify metallic waste

These sesors continuously monitor conditions and send data to the loT gateway.

= =4 =8 =8 -4 -4 A

B. loT Gateway
The loT gateway acts as the central hub of the system:

Collects and aggregates data from sensor nodes

Performs edge processing for réiate analysis

Uses sensor fusidechnigues to combine multiple data inputs
Communicates with cloud servers via-Wi

Edge processing reduces latency and minimizes network load.

= =4 =8 -8 =9

C. Al-Based Waste Classification

The system uses an Al model based on computer vision:

Captures images of wiasusing ESP3ZAM

Extracts features such as colour, shape, and texture

Classifies waste into biodegradable and-bmuegradable categories
Continuously improves through retraining on updated datasets
This ensures accurate and efficient waste segregation.

= =4 =8 =8 =9

D. Cloud Platform

The cloud platform performs:

9 Data storage and management
Realtime monitoring and visualization
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1 Route optimization for waste collection
9 Predictive analytics and alert generation
1 It enables centralized control and scalability.

E. Mobile Application

The mobile application provides:

Realtime updates on bin status and location
Alerts for full bins or hazardous conditions
Control over smart vehicles and robotic systems
Manual override functionality

This enhances usability and operatiorffitiency.

=4 =4 =8 =8 -9

ROBOTICS AND AUTOMATION

To further enhance efficiency, the system integrates robotics:
1 A GPSenabled smart vehicle for waste collection
1 A 4-DOF robotic arm for automated waste sorting
1 Adaptive grippers for handling different types of waste
This reduces human involvement in hazardous environments and increases precision.

WORKING PRINCIPLE

The system operates in three stages:
1. Monitoring
Sensors continuously collect data including fill level, gas concentration, temperature, humidity, and
wase images.
2. Processing
Data is processed at the IoT gateway and cloud platform. The Al model classifies waste, and analytics
determine required actions.
3. Action and Alerts
1 Alerts are generated when bins are full or unsafe conditions are detected
1 Waste ollection is triggered automatically
1 Robotic arm performs sorting
1 Routes are optimized using GPS data
This ensures timely and efficient waste management.

KEY FEATURES

1. Al-Based Waste Segregation:

Ensures accurate classification and improved recycfiigesncy.
2. RealTime Monitoring System:

Provides continuous updates on waste and environmental conditions.
3. Safety Monitoring:

Detects methane gas and prevents hazardous situations.

4. Automated Waste Collection:

Smart vehicles reduce manual depengienc

5. Route Optimization:

Minimizes fuel consumption and operational costs.

6. Cloud Integration:

Enables centralized data management and scalability.
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7. UserFriendly Interface:
Mobile app allows easy monitoring and control.

INNOVATION AND UNIQUENESS

The uniqueness of our solution lies in:
1 Integration of Al, 10T, and robotics in a single system
9 Edge Al processing for retime decisioamaking
1 Multi-sensor data fusion for enhanced accuracy
9 Modular and scalable design
1 Automated endo-end waste management
Unlike conventional systems, this solution provides both monitoring and action capabilities.

ADVANTAGES

Reduces manual labor and human exposure to hazardous waste
Improves recycling efficiency through accurate segregation
Minimizes environmental pollutioand landfill usage

Enhances safety by detecting harmful gases

Optimizes operational costs through smart routing

Provides scalable and adaptable infrastructure

APPLICATIONS

This system can be implemented in:

1. Smatrt cities for urban waste management

2. Industrial facilities for handling hazardous waste

3. Hospitals and laboratories for biomedical waste management
4. Educational institutions for campus waste management

5. Rural areas for decentralized waste handling

FEASIBILITY

The project is highly fasible due to:
1 Use of coseffective and easily available hardware components
1 Availability of opensource software tools
9 Scalable and modular architecture
1 Ease of integration with existing systems
1 Aworking prototype can be developed within a short timm&amaking it ideal for hackathons.

FUTURE SCOPE

Future enhancements include:
1 Integration of deep learning models for improved accuracy
1 Expansion to multcategory waste classification
1 Solarpowered smart bins for sustainability
9 Predictive analytics fowaste generation trends
1 Integration with government smart city initiatives

CONCLUSION
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This project represents a significant step toward building smarter and more sustainable cities. By
integrating Al, 10T, robotics, and cloud computing, it transforms@vamnagement into an intelligent,
automated, and efficient process. As a team experienced in hackathons, we believe that impactful
solutions must combine innovation with practicality. Our system is not only technologidaiyced

but also scalable anddsible for realvorld deployment. This solution has the potential to revolutionize
waste management by improving efficiency, reducing environmental impact, and enhancing public
health, ultimately contributing to a cleaner and more sustainable future.

Predictive Healthcare Analytics (with aspects of
Telemedicine & Ethical Al)

Prietish Pathak, Arnab Kumar Pal, Aritra Hazra, Soumyadip Dey, Ravi Pathak,
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INTRODUCTION AND GLOBAL CONTEXT

Globally, over 39 million people live with total blindness, alongside hundreds of millions with severe
visual impairments. For decades, the conventional white cashéden their primary navigation tool.
Though iconic, this purely mechanical aid has not adapted to the dynamic, complex, and often
dangerous nature of modern urban environments.

The traditional cane relies on 100% tactile feedback, requiring users sizaly strike an object to

detect it. This creates a critical limitation: a zero percent detection rate for-hgughemhazards.
Consequently, users suffer high rates of injury from-lbanging branches, open vehicle doors, and
protruding signs. Furtherme, visually impaired individuals are nearly twice as likely to experience
accidental falls, yet conventional mobility aids lack mechanisms to alert caregivers when emergencies
occur.

NaviSense bridges the gap between traditional cane use and modeotogpchdaviSense is afier
Assistive Mobility Solution encompassing Reflex Safety, Al Vision, Voice Navigation, and Guardian
Net. Utilizing a duamicrocontroller architecture, YOLOv1l1ls vision, and cldased telemetry,
NaviSense transforms the whiteneanto an interactive, dynamic guardian.

PROBLEM FORMULATION AND SHORTCOMINGS OF EXISTING SOLUTIONS
NaviSense addresses major shortcomings of traditional and early "intelligent" mobility aids:

Upper-Body Exposure: Traditional canes only detect groulael obstacles. This leaves the upper
body exposed, causing constant navigational anxiety that limits personal freedom.

Mental Overload and Lack of Clarity: Early smart canes relied on basic ultrasonic sensors and
vibrating motors or buzzers. These desigeovide no context, failing to distinguish harmless boxes
from dangerous vehicles, overwhelming users with ambiguous feedback.

The "Lost Tool" Emergency: Dropping or misplacing a cane in a crowded or unfamiliar room
instantly deprives the user of theiimary navigation tool.
Blindly feeling the floor to retrieve it is both dangerous and highly frustrating.

Disconnect in Emergency Situationstn the event of a severe fall or accident, existing canes offer no
SOS capabilities, GPS tracking, or remateesssment tools for caregivers to intervene.

REVIEW OF EXISTING LITERATURE AND TECHNOLOGIES

Previous attempts to modernize the white cane fell short. Early smart canes utilized basic infrared
sensors, which fail in direct sunlight and cannot detacsparent surfaces like glass.
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Recent products integrate ultrasonic sensors and Bluetooth connectivity. Though improved, these aids
suffer from high consumer costs and dangerous latency caused by relying on smartphone processors.
Academic projects usingaspberry Pi microcomputers for image processing suffer from severe thermal
throttling and highpower consumption, rendering devices too heavy and battery life too short for
practical use.

NaviSense overcomes these barriers through strict hardware segreBg offloading computational
work to a highperformance edge device while hardwiring reflex sensors to gpdover Arduino,
NaviSense balances Al capabilities with fatfe reliability.

PROPOSED SOLUTION

The 4Tier NaviSense Ecosystem NaviSensepmses a 4ier technological ecosystem to enhance
physical safety and psychological confidence.

Reflex Safety (Edge Hardware):An instantaneous, hardwabased proximity detection system
providing immediate, localized auditory feedback for imminent mlaysibstacles.

Al Vision (The Cloud/Laptop Brain): A Wi-Fi-enabled duatamera setup feeding visual data to an
edge computer for conversational YOLOv11s object detection.

Voice Navigation (Contextual Output): Replaces generic buzzers with humvarice saéty alerts and
integrates Google Maps for tulry-turn routing.

Guardian Net (Caregiver Connectivity): A Firebasdinked mobile application enabling live tracking,
automated faltletection SOS alerts, and live video feeds for caregivers.

HARDWARE ARCHITE CTURE AND SENSOR ARRAY

To eliminate processing bottlenecks, the hardware uses a segregatecichoabntroller architecture.
Video processing and physical sensor reading are incompatible on opewax board; therefore,
their roles are separated.

The Primary Controller (Arduino Uno) : The Arduino Uno serves as the central nervous system for
hardware reflex operations, reading sensors offline.

Ultrasonic Radar (HC-SR04):Positioned upward, this sensor continuously monitors the forward path
for upperbody obstacles up to 400cm, acting as a reflex shield.

Inertial Measurement Unit (MPUG6050): A 6-axis gyroscope and accelerometer monitor spatial
orientation. Upon detecting a sudden fall followed by a horizontal resting state, the Arduino triggers the
SOSProtocol.

Audio Output: A passive buzzer delivers localized auditory cues for proximity warnings, independent
of Al voice features.

The Vision Controller (ESP32CAM Array)

To provide situational awareness without burdening the Arduino, NaviSense dssgeatt ESP32
CAM modules for visual data. Powered by-a€dl lithium battery pack and 5V booster, these modules
bypass SD card storage. They utilize PSRAM to transmit continuous visual frames evierTis
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"Memory-Only" protocol guarantees the Al caeceives realime data with zero writing latency and
minimal power consumption.

The Wireless Stick Locator (433MHz RF System)

To eliminate the "Lost Tool" crisis, NaviSense incorporates an offline 433MHz Radio Frequency (RF)
locator system with a remmtcontrol and an integrated RF receiver. Bypassing unreliable Bluetooth
connections, the RF system uses the VirtualWire library to transmit a highly secure encrypted signal.
When activated, the signal easily penetrates household walls, triggering & tligtiecalarm on the

cane to ensure swift retrieval.

SYSTEM TESTING AND VALIDATION METHODOLOGY
Componemnievel testing validated the system's reliability during the prototyping phase.

Latency Validation: The dual ESP3ZAM streams were benchmarked@as a standard 2.4GHz Wi

Fi network. By writing directly to PSRAM and bypassing SD storage, video latency was reduced to
under 150 milliseconds. This ultlaw latency is critical to safely support rdahe YOLOv1ls
pedestrian detection.

Reflex Sensor Cébration: The HGSRO04 ultrasonic sensor underwent extensive aofgiecidence
testing. Results demonstrated that a strictd&gree upward tilt generated the optimal detection cone
for overheadhazards, successfully eliminating false positives causeddbyground textures.

RF Penetration Testing: The 433MHz locator module underwent simulated environmental testing
against up to three standard drywalls. The encrypted radio signal reliably penetrated these barriers,
successfully tr retgieyaalarrmfrom a distancebof 1 metemnspcbnelusively proving

its superiority over standard Bluetooth trackers.

ARTIFICIAL INTELLIGENCE AND SOFTWARE PARADIGM

The true innovation of the NaviSense ecosystem resides in its intelligent software, rahéfbrims
raw sensor data into contextual human assistance.

YOLOv11s Conversational Al Vision

Video streams broadcast by the ESIEIOM array are intercepted via WHi by a local high
performance edge computer. Utilizing Python and OpenCYV libraries aifmisuder processes the visual
data in reatime through a custofirained YOLOv11s Al model. Unlike standard object detection
algorithms that simply draw bounding boxes, the NaviSense Al functions conversationally. It identifies
complex obstacles, computémir trajectory and distance, and translates this data into specific spoken
warnings. Instead of a confusing rapid beep, the user receives precise audio instructions,togh as,
stairs going down."

Google Maps and Navigation

The central Al processincore is deeply integrated with the Google Maps API. By combining
smartphone GPS data with the AI &8s envir obyment al
turn voice routing directly to the user's earpiece, enabling confident navigation ofegouanpan
intersections.

The Guardian App and Firebase Cloud Integration
User safety extends beyond their immediate physical environment to include the peace of mind of their
caretakers. The Guardian App is a custmmit mobile interface linking caregive directly to the
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device. Hardware sensors push constant telemetry to a Firebase Realtime Database, enabling three
critical remote functionalities: Live GPS Tracking, Instant SOS Alerts triggered by the MPU6050 fall
detection sequence, and Secure Rem@®N Access, allowing caretakers to visually assess the user's
surroundings during emergencies.

UNIQUE SELLING PROPOSITIONS (USPS) AND INNOVATION

NaviSense differentiates itself from traditional mobility aids and market competitors through core
innovations: Dual-Microcontroller Segregation: Forcing the Arduino to handle reflex safety while
the ESP32 handles vision guarantees that a droppedrMgonnection will never disable the physical
radar shielding the user.

Conversational Context: Upgrading fromambiguous mechanical buzzers to specific, huntce
environmental context fundamentally shifts the user experience from stressful to empowering.

Wall-Penetrating Retrieval: The analog 433 MHz RF remote eliminates the daily frustration of a
misplaced cam functioning instantly without requiring the user to navigate a smartphone app blindly.

Memory-Optimized Video Streaming: Directto-RAM Wi-Fi streaming guarantees the fage
YOLOv11s Al inference required for rapid pedestrian detection while signifjceonserving device
battery life.

Fig 1: Block Diagram ® The Project Fig 2: Front View Of The Blind Stick

FUTURE SCOPE AND CONCLUSION

While this prototype proves the viability of theTder ecosystem, there is massive potential for future
scalability. Upcoming developments will focus on hardware miniaturizagiomng to condense the
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architecture onto a single custginted PCB featuring an advanced edge computing chip, allowing

the YOLO Al to execute entirely onboard the cane. Furthermore, integrating LIDAR sensors could
eventually replace ultrasonic modulesabling millimeteraccurate 3D environmental mapping. In
conclusion, the NaviSense project demonstrates that advanced assistive mobility does not require
exorbitantly expensive hardware. By intelligently integrating-loast microcontrollers, cuttingdge
conversational Al, and cloddased telemetry, NaviSense represents a vital paradigm shift in assistive
technology. It proves that with the right engineering architecture, a conventional walking stick can
evolve into an active, protective companion, graptiisually impaired individuals thedependence,

safety, and confidence to navigate the modern world without barriers.

Al-POWERED LEGAL COURTROOM SIMULATOR FOR INDIAN
LAW STUDENTS
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OVERVIEW OF THE PROJECT

Legal education in India has long been rooted in a predominantly tlvabreimework. Students
pursuing law degrees spend several years reading statutes, memorizing case judgments, and attending
lectures, yet many enter the legal profession with remarkably limited exposure to actual courtroom
proceedings. This disconnect betm academic training and practical advocacy results in graduates
who possess substantial knowledge of legal provisions but struggle to apply that knowledge in high
pressure, realorld courtroom environments. The ability to construct compelling arguntesisond

to crossexamination, cite relevant provisions under time constraints, and navigate procedural
courtroom dynamics are skills that can only be developed through repeated, guided practice.
Unfortunately, opportunities for such practice remain scancevenly distributed, and resource
intensive in the current Indian legal education landscape.

To address this critical gap, we present Adjournment.Al, aR&Wered Legal Courtroom Simulator
designed specifically for the Indian legal context. This ptatf provides law students, moot court
participants, and legal professionals with an immersive, intelligent simulation environment where they
can engage in realistic courtroom proceedings, argue against-powated opponent, receive
structured feedbackdm an Al judge, and track their performance over time. The system is built on a
foundation ofmodern artificial intelligence techniques, including Large Language Models (LLMS),
RetrievatAugmented Generation (RAG), and a maltient architecture, all taied to the specific
requirements of Indian law.

The platform integrates a comprehensive knowledge base of Indian legal documents, including the
Indian Penal Code (IPC), the Code of Criminal Procedure (CrPC), the Indian Evidence Act, and relevant
Constitutonal provisions. These documents are preprocessed, chunked, and indexed into a ChromaDB
vector database, enabling semantic search capabilities. When a user presents an argument during a
simulation session, the RAG pipeline retrieves the most contexteyant legal sections and feeds

them into the LLM reasoning engine. This ensures that both the Al Judge and the Al Opponent Lawyer
ground their responses in verified legal sources rather than hallucinated or inaccurate legal content, a
critical requiremat for a domain as precise and consequential as law.

The system architecture, illustratedrilgure 1, consists of several integrated layers. The Client Layer
includes a welbased Game Interface, a Performance Analytics Dashboard, and a Case Dashboard, al
accessible through a standard browser. A Voice Interface power@dribgm Al enables speeeio-

text (STT) and texto-speech (TTS) functionality, along with language translation support for regional
Indian languages. Authentication is handled via Go@eith, ensuring secure and seamless user
login. The Backend Services layer is built on FastAPIl, which manages session state, routes user
arguments to the appropriate Al agents, and coordinates scoring. The Al Services layer houses the core
LLM Engine, whch runs two roldbased agents: the Opponent Al, which dynamically generates legally
grounded countearguments, and the Judge Al, which evaluates the user's argument quality and
provides structured feedback. A dedicated Scoring Engine computes perfommgtnics based on

legal accuracy, argument coherence, evidence citation, and logical structure. The Data Layer consists
of MongoDB collections for storing user profiles and session interactions, as well as a repository of
static legal case files used totialize simulation scenarios.
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The simulation workflow begins when a user selects a case from the available repository, which
includes criminal, civil, and constitutional scenarios. The system presents the case facts, withess
statements, and relevant evide, after which the user delivers an opening argument. The Al Opponent
responds with a countargument informed by thRAG pipeline, while the Al Judge evaluates the
exchange and provides reahe feedback. This cycle continues through subsequent raovesing

legal arguments, evidence submission, and closing statements, closely mirroring real courtroom
procedure. At the end of each session, users receive a detailed performance report covering their
argument quality, statute citation accuracy, andor@ag consistency across the session.

The scoring framework is deliberately designed to reward sound legal reasoning rather than simply
correct final verdicts. Students are evaluated on four weighted dimensions: legal correctness, which
checks whether ®d statutes and provisions are accurately applied; argument strength, which measures
the logical persuasiveness of the argument; structural cohemghiot, assesses how well the argument
follows recognized courtroom conventions; and evidence integratibich evaluates whether the
student effectively connected factual evidence to legal provisions. Thisdiménsional approach
ensures that students who present wadkoned, legally accurate arguments are appropriately
recognized, even if their conalons differ from historical case outcomes.

Fig 1: System Architectu®iagram

A key technical challenge in building this system was mitigating Al hallucination, a known risk in
LLM -based applications where the model may confidently generate legattyiatecinformation. We
address this througstrict RAG enforcement, where all Algenerated legal reasoning is anchored to
retrieved documenthunks from the verified legal database. Only sections that score above a semantic
similarity threshold are incluetl in the LLM context window, reducing the risk of fabricated statute
citations or misrepresented case law.

Figure 2 illustrates the useiacing application interface, which presents the simulation in a clean,
conversational format. The interface showeschrrent case context, the user's submitted argument, and

the Al Judge's feedback alongside a scoring breakdown. Performance indicators such as Legal Accuracy
and Evidence Usage are displayed as progress bars, providing immediate visual feedback#bes moti
continued improvement.
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Fig 2: Application Ul Screenshot

The platform is intended for a broad audience, including undergraduate and postgraduate law students
seeking supplementary practical training, participants prepasingdmpetitive moot court events,

legal educators who wish to incorporate simulatiased assessments into their curriculum, and
professionals preparing for litigation.

Future development plans include expanding the case repository with real landrrearjuddments,
introducing multiplayer debate modes where two users argue against each other with Al moderation,
adding support for additional regional languages beyond Hindi and English, and developing a mobile
application for orthe-go practice. Voicenly simulation modes are also planned to prepare students
for oral argument scenarios.

In conclusion, Adjournment.Al represents a meaningful step toward modernizing legal education in
India by combining artificial intelligence, legal knowledge engineeramgl interactive gambased
learning into a single cohesive platform. By simulating the pressures and procedures of real courtroom
advocacy, the system equips law students with practical skills that traditional classroom methods cannot
adequately provideyltimately contributing to the development of more competent, confident, and
analytically rigorous legal professionals.

Al-POWERED ZERO-TOUCH PERSONAL SAFETY COMPANION
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OVERVIEW OF THE PROJECT

The Personal Safety Companion is a wearable device that helps keep people safe. It can automatically
detect when someoneirs trouble and send alerts for help. Sometimes people are not able to call for
help because they're too scared, hurt or unconscious. Old safety systems that need you to press a button
to call for help do not work well in these situations.

This project usg an approach that lets the device recognize when someone is in danger and send for
help without anyone needing to do anything. The device has a computer called an ESP32 that helps it
work. This computer is good because it does not use a lot of poweamcdmnect to the internet and

other devices.

The device also has a sensor that can feel when someone is moving and can tell if they fall down or get
hurt. It can even hear if someone is screaming for help. The device uses a kind of computer program
thatcan understand what it is hearing and decide if someone needs help.

One of the things about this project is that it uses information from both the movement sensor and the
sound sensor to decide if someone is in trouble. This makes it more accurateréiepsfalse alarms.

For example if someone falls down and screams the device knows that they really need help.

The device can work all by itself without needing to connect to the internet. This makes it faster and
more reliable. When it detects an emageit sends a message to a phone app, which then sends the
persons location to people who can help.

The Personal Safety Companion is a way to keep people safe. It uses technologies like artificial
intelligence and special sensors to help people in teoltlik better than safety systems because it can
detect problems before they get worse and send for help right away.

The device is made up of parts including:

* A small computer called an ESP32

* A movement sensor called an MPU6050

* A sound sensor caltta MAX4466

* A phone app that connects to the device

* A cloud backend that stores information and sends alerts

All of these parts work together to help keep people safe. The Personal Safety Companion is an example
of how technology can be used to makeples lives better and safer.

In the end the Personal Safety Companion is an useful device that can help people in many situations.

It is an idea that can make a big difference, in peoples lives. The Personal Safety Companion is a device
that people cawear to stay safe.

Al IN SMART CITIES
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INTRODUCTION AND CORE MISSION

The presentation titled "Bit Heads," developed anesented by the team of Anirudha Sarkar, Ishan
Sengupta, and Soham Mondal, explores a critical technological intervention within the broader theme

of "CLIMATE & URBAN FUTURE". The core mission of this ambitious initiative is described as
"Mapping the iwisible threat to build climateesilient cities". Driven by a proactive and solution

oriented philosophy, the project team emphasizes their unique approach to environmental engineering

by stating, "We aren't just s stpt@mem gncapselatds theirwe 6 r e
overarching goal of transitioning from mere climatic observation to the active, structural mitigation of

urban heat threats.

Fig 1: A thermographic world map illustrating global temperature variations and heat distributi
THE URBAN HEAT CRISIS AND ITS COMPOUNDING PILLARS

At the center of the presentation is the "Urban Heat Challenge," which positions the Urban Heat Island
(UHI) effect not merely as a matter of localized, everyday discomfort, but rather as a severe and
compounding crisis. Due to the UHI phenomenon, modern cities are currently baking at temperatures
that are 5 to 10 degrees hotter than their surroundingurbamized areas. The presenters argue that
the failure to adequately address this crisis doestaot from a lack of general data, but rather from a
fundamental lack of targeted, actionable intelligence.
To fully understand the severity of this compounding threat, the presentation categorizes the crisis into
three distinct, interconnecting pillars:
1 The Health Crisis: This identifies extreme urban heat as a silent killer and a literabife
death issue that is drastically increasing the rates of both heatstroke and overall urban mortality.
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 The Energy Trap: This describes a vicious, salfistaining cyle where hotter urban
environments demand significantly more air conditioning.

1 The Equity Divide: This highlights the reality that heat does not hit everyone equally. Eower
income neighbourhoods systematically lack adequate tree canopy and green spaces.

Cities absorb and retain heat, turning urban environments
into high-temperature hotspots.

Trapped heat
in buildings
Restricted Dense mu'guvec Waste heat
release heat from human
Limited vegetation  |airflow slowly at night Heat-absorbing s
Few trees reduce shade | Urban layouts limit surfaces Vehicles, AC
ond natutal cooling :.'}'Isﬂ:m and Aspholt and and industry
concrete store add heat 1o
daytime heat the air

Fig 2: An infographic by the UNDRR explaining the primary drivers of the Urban Heat Island (UHI)
effect, including restricted airflow, heabsorbing surfaces, and waste heat from human activities

IDENTIFYING THE GAP AND PROP OSING A SOLUTION

To pivot towards a viable solution, the team identifies a critical gap in current environmental
management strategies. While the scientific community and municipal governments already know that
cities are hot, and they possess the broacradevel data to definitively prove it, this generalized data

is entirely insufficient for practical problesolving. What is currently missing from the urban planning
toolkit is the hypetocal intelligence required to take definitive action.

To bridgethis critical gap, the Bit Heads team introduces their primary solution: the Autonomous
Micro-Climate Rover & Dashboard. This advanced system functions as an overview tool, providing a
duatpurpose digital twin designed specifically for the benefit ohbatan planners and everyday
citizens. The core value proposition of this technology is the vital shift from passive observation to
targeted, physical action. By utilizing this localized data platform, the project successfully shifts the
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broader climatimarrative from a generic observation like "It's hot today" to highly specific, actionable
directives such as, "This specific street needs-alghdo coating, reducing local risk by 15%".

Fig 3: Anexterior view of the "AuraHeat" autonomous mictiomate rover prototype, showcasing its
sensor suite and computer vision webcam

Fig 4: The internal hardware and electronic assembly of the rover, featuring the Raspberry Pi 5,
ESP32 ceprocessor, motor drivers, and power management system.

TECHNICAL ARCH ITECTURE AND DATA ECOSYSTEM

The physical hardware and core technology driving this targeted action are highly sophisticated.

1 Physical l1oT Framework: The system relies on physical infrastructure centered around an
autonomous Pi 5 and ESP32 rover, which sntye freespace of its environment utilizing
computer vision.

1 Data Integration: The fundamental operation of the system relies on deep data integration,
which actively fuses live telemetry gathered from ambient and surface sensors with broader
geospatiatata, including satellite imagery and lamske mapping.

1 Sensor Telemetry:To process this telemetry, the rover captures localized surface heat using
an MLX90614 IR sensor, while simultaneously gathering ambient air data using a DHT22
sensor and ambient kg data using a BH1750 sensor.
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Beyond the rover's redime physical telemetry sent via MQTT, the data ecosystem ingests baseline
regional atmospheric trends and forecasts through an Open Weather API. We also use spatial data from
Open Street Map to analyauilding density and "Urban Canyon" heat trapping effects. The Urban
Heat Resilience Planner subsequently utilizes this vast ecosystem to creatéideliigiigital twin

of the environment by seamlessly merging the-tiead physical telemetry witthese global geospatial
datasets.

Fig 5: A comprehensive Technical Architecture diagram detailing the data flow from physical sensors
to the edgecomputing logic and the final frontend dashboard

THE HEAT RISK INDEX (HRI) AND SYSTEM OUTPUTS

The synthsis of this massive data intake culminates in the-Reaé Heat Risk Index (HRI). The HRI
Engine relies on a proprietary mathematical model and an automated algorithm designed explicitly to
calculate localized vulnerability. The formula used by this aateth algorithm merges the
aforementioned sensor data into a single;tiga danger score for specific miecbmates, calculated
mathematically as: HRI = (Temp * HumidityVegetation Density).

Once this vulnerability score is calculated, the coréesysprovides two primary, actionable outputs.
The first is a 3D Heat Vulnerability Map, delivered via a Nexigsvered Leaflet dashboard that
visualizes urban hotspots in rdahe. The second output is a Mitigation Recommender Al, which
utilizes automate logic to suggest sispecific interventions, such as higtbedo "cool roofs," green
corridors, or targeted tree canopy placement based entirely on the newly generafgelcgiterisk
scores.

UI/UX FEATURES FOR USERS AND PLANNERS
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