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UNIT-II- Al and the Internet of Things

When we talk about Al and IoT working together, we’re not just
referring to “a smart device” but a sophisticated ecosystem of connected
devices, data flows, processing pipelines, intelligence at different layers,
and automated actions. Some of the deeper aspects include:

o Architecture Layers: A robust AloT system typically has multiple
layers:

o The device layer (sensors, actudtosxs; “things” that collect or
act). O

N\
y

o The edge/ gateway layer@ere some processing happens
near the devices (redlf&mg latency). (IOT World Today)

o The cloud/ datareen?fe layer, where large scale analytics,
model tralnlr}g\hﬁtoncal data reside. (MDPI)
Each layef has\dlstmct responsibilities (data ingestion, real-
time inferépce, long-term learning) and must communicate
effectively.

« Data Flow & Intelligence: [oT devices generate massive data
streams (sensor readings, device states). Al algorithms come into
play to clean, aggregate, analyse, detect patterns, predict future
states and then trigger actions. In other words: IoT = “things +
connectivity”, Al = “insight + decision”. Together they form AloT.
(AT&T Business)

« Edge Intelligence: One of the key advanced features is performing
Al inference closer to the devices (edge) rather than always
sending everything to the cloud. This reduces latency, bandwidth,
and risk of disconnection. For mission-critical applications
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(autonomous vehicles, industrial robotics) this is essential. (IOT
World Today)

o+ Architecture Patterns & Standards: For industrial scale AloT
(IIoT), frameworks like the Industrial Internet Consortium (IIC)
provide reference architectures (IIRA) specifying enterprise,
functional, implementation viewpoints. This helps design
interoperable, scalable systems. (MDPI)

« Emerging Phases: [oT has evolved through phases — from siloed
devices, to connected devices, to augmented IoT (with analytics),
and now full-fledged AloT (devices that learn, adapt, collaborate).
(lab45thinktank.com)

« Advanced Use-Cases: Beyond home devices, AloT is leveraged in
smart factories (predictive maintenance), smart cities (real-time
traffic, energy optimisation), healthcare (rémote monitoring +
anomaly detection), agriculture ( prec&on farming with sensor +

drone + Al). N

« Challenges & Complexity: mlng AloT is harder than “just
connect a sensor and run asmbdel” It involves data handling
(volume, velocity, Varm&{f ), security / privacy of many endpoints,
device managemerp-( ernware updates, patching), network
latency /reliabitity, ﬁ;)del deployment on heterogeneous devices,
and ensuring robustness in real-world shaky conditions.

« Real-World Systems: For example, many industrial systems
embed Al modules directly into the network infrastructure (edge-
cloud hybrid) for monitoring multi-tenant networks — integrating
heterogeneous IoT sensor data and containerised Al models.
(MDP)

Key Points (Advanced)
1. AloT = integration of IoT devices + connectivity + Al intelligence.

2. Multi-layer architecture (device — edge — cloud) enables scalable,
low latency systems.
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3. Edge Al is crucial for real-time decisions close to sensor/actuator.

4. Large-scale systems require reference architectures (IIRA etc.) for
interoperability.

5. Data pipeline: collection — preprocessing — inference — action.
6. Use-cases span consumer, industrial, infrastructure domains.

7. Challenges: security, device heterogeneity, model deployment,
real-world robustness.

8. AloT evolves IoT from passive monitoring to proactive,
autonomous action.

9. Gateway/edge devices often run optimized ML models, reducing
cloud dependence.

10.Effective AloT requires synergy: hardwate,)connectivity, software,
algorithm, business domain. \
O
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@ Real-Life Example (Advance,(:lJ\ﬁ
N\ )

Consider a smart manufactunvﬁgplant Thousands of sensors (vibration,

temperature, acoustic) arehf\h.bedded in machines. These sensors
continuously stream data‘to local edge gateways. At the gateway,
lightweight Al modeéls anélyse the sensor data in real time to detect
anomalies (e.g., beariné overheating). If anomaly detected, the gateway
triggers an alert and possible corrective action (slow down machine,
schedule maintenance). Meanwhile, raw data is sent to the cloud for
deeper model training, trend analysis, and global optimization across
plants. This system combines IoT (sensors + connectivity), edge Al (real-
time inference), cloud Al (learning, optimization), and
decision/actuation (maintenance scheduling).

= Summary in Hinglish (Advanced)

IoT matlab “smart devices connected” aur Al matlab “machines soch-
samajh kar action le”.
Jab ye dono milaate hain, yani AloT, to har sensor-device sirf data nahi
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bhejta - wo khud analyze kare, seekhe, aur action le sakta hai.

Ye kaam three layers mein hota hai: device layer, edge/gateway layer,
aur cloud layer.

Edge layer pe Al inference hone se latency kam hota hai aur system fast
hota hai.

Industrial plants, smart cities, precision farming - sab jagah AloT use ho
raha hai.

Lekin isme complexity zyada hai: devices ka maintenance, security ka
problem, data ka volume, network ka latency - in sab ko manage karna
padta hai.

Simple words: [oT = “things + data”, AloT = “things that think and act”.

¢ Use-Case 1: Roomba Robotic Vacuum Cleaner

Explanation (Paragraph):

The Roomba vacuum cleaner is a stellan ex%@\ple of how IoT devices
combined with Al create intelligent aytomiation in the home. Roomba
units connect to WiFi, map their e@mem using sensors and
cameras, and use machine learn}ﬁ’g\to recognise furniture, obstacles, and
frequently d1rt—prone Zones. Tnﬁey’don t just vacuum blindly — they
build a “smart map” of thél:tame, learn the owner’s schedule and
cleaning patterns, and infegrate with other smart-home systems (voice
assistants, apps) to start) stop or target cleaning. (iRobot MediaKit) For
instance, Roomba’s “Clean Zone” feature uses Al to suggest targeted
cleaning around often-used areas like the couch or dining table.
(Gadgets 360) The mapping capabilities also enable tasks like keeping
out of no-go zones or avoiding obstacles intelligently. The cloud/IoT
backend enables remote control, scheduling, firmware updates, and data
analytics (via platforms like AWS) to handle millions of devices.
(Amazon Web Services, Inc.)

Key Points:

1. Connectivity: Roomba connects via WiFi and integrates with
smart-home systems.

2. Mapping & Environment Learning: Uses sensors & cameras to
build maps of rooms and furniture.
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3. User Learning: Learns cleaning patterns and suggests “Clean
Zones” based on history.

4. AI Assisted Navigation: Avoids obstacles, steep drops (stairs),
and adapts path. (Venturebeat)

5. 1oT Backend & Data Analytics: Cloud services manage fleet,
remote controls, scaling.

6. Voice & Smart Home Integration: Works with voice assistants
and home automation routines. (Voicebot.ai)

7. Targeted Cleaning & Automation: Can start/stop based on
location, schedule, or other triggers.

Real-Life Example:

Imagine you return home after work and tell Goegle Home: “Hey
Roomba, clean around the living room and dining area.” The Roomba
uses its floor-map (built from previous runs{). recognises the couch,
coffee table and chairs, and focuses cleanmﬁg‘ in those zones. It avoids pet
bowls, cables, and stairs automatma}@ fter finishing, it returns to its
dock, reports completion via the »and logs cleaning data to the cloud

for future scheduling. QN Q>

A C‘ '
Hinglish Summary: ..:\ >
Roomba ek smart Vacuum\hal jo sirf saaf nahi karta — uske paas WiFj,
sensors aur Al hai jisse¢'wo tumhare ghar ka map bana leta hai, furniture
aur zones pehchanta hai, aur tumhare schedule ke hisaab se saaf-safaai
karta hai. Ghar baithe command do, aur kaam ho gaya!

¢ Use-Case 2: Nest Smart Thermostat Solution

Explanation (Paragraph):

The Nest smart thermostat is a prime example of how IoT sensors
coupled with Al can optimise home energy usage while improving
comfort. These devices collect data from temperature sensors, humidity
sensors, motion sensors (detecting if people are home or not), time of
day, and even weather information from the internet. Then, using
machine learning algorithms, the thermostat learns the occupants’
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behaviour (e.g., when you wake up, leave for work, return home) and
adjusts heating/cooling accordingly, reducing energy waste.
(worldresearchlibrary.org) It allows remote control via smartphone
apps, and integrates with other smart-home systems. The data collected

also helps in generating usage analytics and smarter scheduling. This
convergence of IoT + Al means the thermostat isn’t just reacting but
predicting and adapting.

Key Points:

1. Sensor inputs: Temperature, motion (presence), humidity,
external weather data.

2. Learning behaviour: Al analyses patterns over days/weeks to
anticipate needs.

3. Automation: Adjusts heating/cooling based>on absence/presence,

time, comfort.
\

. . . AN (Y ) i )
4. Connectivity: Remote access via sSuiartphone app; integration with

A

home network.
)

5. Energy efficiency: Reduce{Wasted energy by adapting to real use
rather than static schedq'fei&)
! \

6. Smart Home Integﬁl;fo‘r'l: Works with voice assistants and other
IoT devices.

7. Data insights: Uéage analytics provide feedback and optimisation
opportunities.

Real-Life Example:

Your Nest thermostat observes that you usually leave home at 8 am and
return at 6 pm. It lowers heating while you're away, and pre-warms the
house just before you arrive so it's comfortable. On weekends, since you
sleep in, it adjusts later automatically. The app allows you to view real-
time energy usage and remotely change settings if you decide to work
from a cafe for the day.

Hinglish Summary:

Nest smart thermostat matlab ek aisa gadget jo sirf temperature set
karne ka nahi hai — ye tumhare ghar ka “brain” ban jaata hai. Ghar se
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jao to heating/bijli kam kare, wapas aane se pehle cosy bana de.
Behaviour samjhe, schedule yaad rakhe aur energy bachaye.
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