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ABSTRACT

The growing call for shrewd automobile answers
is riding innovations in passenger comfort, power
efficiency, and sustainability. Traditional car
aircon (AC) systems frequently lack adaptive
controls, due to excessive electricity intake and
Restricted responsiveness to dynamic
environmental and cabin situations. This paper
offers an IoT-enabled system that automates AC
temperature modifications based on real-time
inner and external conditions. A DHT11 sensor
continuously video displays unit cabin
temperature and humidity, while ESP32
microcontroller strategies these statistics to decide
the most advantageous AC settings. The machine
integrates net-based adventure tracking,
eliminating the want for RFID-based key detection.
A Flask-primarily based interface enables
customers to remotely display AC popularity, log
strength consumption, and manually override
automation whilst wished.

Additional features encompass tracking the
journey, in which statistics experience info along
with duration, AC utilization, and temperature
variations, providing precious insights for
optimizing power efficiency. Intake analytics
assist lessen electricity wastage whilst enhancing
passenger consolation and minimizing the car's
carbon footprint. This paper discusses the system's
structure, development methodologies, and
implementation, together with destiny upgrades
together with AI-based optimization, predictive
analytics, and renewable energy integration to in
addition enhance performance.

IoT, Automotive AC Automation, Energy
Efficiency, Smart Vehicle Systems,
Temperature Control.

INTRODUCTION

The developing demand for progressive
automotive technology has caused sizeable
advancements aimed at enhancing passenger
comfort, energy performance, and sustainability.
Automobile air conditioning (AC) structures are
the various most strength-in-depth additives,
historically working in constant settings without
dynamic adaptability to changing environmental
and cabin conditions. As a result, those traditional
structures regularly battle to balance energy
consumption and passenger comfort, leading to
inefficiencies and pointless electricity usage.

Despite the mixing of smart technologies in
numerous car applications, AC structures still lack
adaptive controls that reply to actual-time factors
which include outside temperature, humidity, and
ranging passenger hundreds. This issue
consequences in energy wastage and suboptimal
thermal comfort, highlighting the need for shrewd,
automatic systems that optimize AC operations
while keeping electricity efficiency.

This has a look at an IoT-enabled clever AC
gadget designed to automate temperature changes
primarily based on actual-time sensor facts. The
system leverages an ESP32 microcontroller, a
DHT11 sensor, and net-based control mechanisms
to decorate performance and user comfort. With
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the aid of bridging the gap between static AC
controls and data-driven automation, this
challenge contributes to the continuing efforts to
improve energy optimization in the automotive
quarter even as ordinary people enjoy.

II. LITERATURE REVIEW

S. Karuna Gudapalli [1] has pronounced an IoT-
primarily based answer as a way to be remotely
applied with a view to control automobile air con
systems, enhancing strength performance and
personal comfort. It makes a specialty of using
IoT temperature sensors and presents cellular
applications and clever algorithms with which
manipulation may be exercised on the auto's
interior temperatures in actual time, specifically
for the duration of extreme climate situations. The
mixture of the net of things in automobile air
conditioning renders one radical answer that
improves consumer comfort, energy performance,
and sustainability. Given the feasibility of
harnessing actual-time data and smart controls,
IoT can rework car systems and assist preserve the
surroundings.

S. Ashleigh Philip [2] has proven a pre-cooling
strategy to optimize strength consumption and
reduce prices while preserving thermal
consolation. By leveraging renewable strength
technology and time-various power costs, the
method shifts aircon masses to renewable
generation periods and coffee-cost time slots. The
study uses a multi-level optimization framework,
attaining a 24% value discount on excessive calls
for summer season days. Combining renewable
strength, pre-cooling, and smart home generation,
it demonstrates tremendous price financial savings
and performance enhancements, even beneath
varying thermal insulation conditions.

S. A.m. Ali [3] offers an IoT-based clever system
for air conditioning (AC) management that
focuses on improving thermal consolation in
indoor environments, especially in tropical regions.
The regular mode of traditional AC usage leads to
over-cooling and accordingly causes soreness,
fitness problems, and extended strength
consumption. The proposed device integrates
customers' thermal options with sensor records

and an enhanced PMY-based version for the most
desirable ac placing advent. It efficiently creates
thermally at-ease indoor environments for lower
energy intake and advanced personal pleasure.
Scaling the advanced gadget to larger spaces and
integrating gadget learning for further adaptability
are capacity future instructions.

S. Obichere c. Dankiel [4] makes an IoT-based car
temperature monitoring system to identify engine
overheating and notify users through a beeping
sound and dashboard notification. The system
employs a dht11 sensor and Arduino Uno to
measure temperature and sound an alarm during
overheating. The data is stored via MySQL camp
server for reference purposes. The solution
improves driver safety, particularly for the elderly,
through audible notifications. Future enhancement
could be the integration of a mobile app for
remote monitoring.

Mohammad h. Salah [5] said automobile cooling
structures have advanced from unmarried-loop to
a couple of-loop architectures, improving thermal
control, power performance, and emissions
manipulation. Research emphasizes the
advantages of segregated cooling loops, clever
control techniques, and IoT-enabled systems for
optimized overall performance and predictive
preservation. In hybrid and electric vehicles,
revolutionary solutions like twin-loop systems and
thermoelectric materials beautify battery longevity
and efficiency. Destiny improvements will be
awareness of cost discounts, adaptive thermal
control, and real-time monitoring for advanced
reliability and overall performance.

Lizawati binti Jaafar [6] stated that IoT-enabled
automobile AC systems decorate efficiency and
comfort via actual-time monitoring and adaptive
fuzzy manipulation. Research highlights IoT-
integrated sensors, cloud-primarily based analysis,
and compressor pace optimization, reducing
electricity consumption and enhancing
temperature law. Adaptive fuzzy controllers
outperform conventional strategies, at the same
time as variable-velocity compressors and
alternative cooling technology similarly decorate
value savings. Destiny advancements ought to
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focus on actual-world implementation, predictive
manipulation, and hybrid cooling for top-of-the-
line performance.

Xingda Yan [7] discovered the importance of
optimizing automobile a/c systems to balance
gasoline performance and cabin comfort.
Traditional methods like thermostats and PID
control are extensively used, whilst superior
techniques which include fuzzy logic and
optimization-based totally manipulate address
nonlinearities and energy financial savings.
Metrics like finger’s PMY and PPD are key for
comparing thermal consolation. Current multi-
goal manipulation techniques, incorporating
engine performance maps, provide actual-time
optimization without extra sensors. Future studies
ought to integrate these techniques with electric-
powered and independent motors for further
performance gains.

Alexander Hansen [8] stated that the mixing of
IoT technology into energy monitoring and control
systems complements energy wi-fi performance
by allowing real-time records series and remote
control of devices like a/c units and lighting.
Structures generally use hardware (e.g., Raspberry
Pi, CT clamps), cloud databases, and cellular apps
for tracking and analysis. Challenges encompass
community reliability and information safety,
addressed via Wi-Fi wireless control measures.
Packages range from clever houses to business
centers, with future instructions specializing in
temperature manipulation and stepped-forward
infrastructure. IoT-based systems provide scalable,
low-fee solutions for strength management
and conservation.

III. METHODOLOGY/EXPERIMENTAL

1. Device evaluation
The proposed system integrates hardware and
software program components to offer real-time

records tracking and management. The
methodology follows a based method, ensuring
seamless communication among consumer
interfaces, API offerings, and hardware additives.

2. Frontend improvement
Gear used: HTML, CSS
-Designed an internet-primarily based person
interface using HTML and CSS.
-Integrated the interface inside an IDE to permit
actual-time statistics visualization.
-Applied guide manage alternatives for user
interplay.
-Displayed system logs for monitoring operations.

3. Backend and API development
Equipment used: flask (python API server)
-Advanced a flask-based API server to fetch
actual-time outside temperature based totally on
the person's town.
-Integrated API responses to be displayed within
the frontend.
-Hooked up verbal exchange among hardware and
software program components.

4. Hardware simulation
Tools used: proteus 8.11
-Simulated circuit components and hardware
interactions in proteus before deploying them in
the real setup.
-Examined diverse configurations to ensure
balance and reliability.
-Established the combination of ESP32 with
different sensors and actuators in a controlled
environment.

5. Embedded gadget programming

http://www.ijetjournal.org/


International Journal of Engineering and Techniques-Volume 11 Issue 6,
November - December - 2025

ISSN: 2395-1303 https://ijetjournal.org/ Page 91

Gear used: Arduino IDE 2.3.4
-Wrote and uploaded code to the ESP32
microcontroller using Arduino IDE.
-Advanced firmware for controlling hardware
components based on actual-time records.
- Hooked up a verbal exchange protocol for
ESP32 to engage with the flask API.

6. Gadget integration and trying out
- Validated the seamless flow of records between
frontend, backend, and hardware.
- Ensured actual-time updates and guide manage
functionalities paintings as intended.
- Conducted more than one check-in simulation
and real-international situations to validate system
performance.
- Debugged and optimized code for higher
efficiency.

7. Deployment and tracking
-Deployed the final machine for actual-time
operation.
- Monitored overall performance metrics and
subtle components for improved accuracy and
response time.
- Documented logs for further evaluation and
future improvements.

This methodology ensures a systematic method to
integrate hardware and software programs for real-
time records processing and manage the usage of
ESP32, flask API, and an internet-based totally
user interface. The implementation is validated via
rigorous checking out, simulations, and real-global
overall performance evaluation, ensuring
efficiency and reliability.

IV. RESULTS AND DISCUSSIONS

A. Results
1)Device performance

The automated temperature manipulation system
successfully adjusted the automobile's AC
temperature based on actual-time inputs from the
DHT11 sensor and *openweather API. Trying out
confirmed that the machine maintained a most
suitable cabin temperature variety of *22°C–25°C,
improving thermal consolation for passengers.

2)Contrast with guide manipulate
Experimental effects imply that the automatic AC
machine decreased the want for common manual
adjustments. A comparison between manual and
automated control is summarized in Table I:

Table I: Temperature Regulation Comparison

Condition Manual
Control (°C)

Automatic
Control (°C)

External Temp:
35°C 19°C (User Set) 24°C (System Set)

External Temp:
28°C 22°C (User Set) 23°C (System Set)

External Temp:
18°C 26°C (User Set) 24°C (System Set)

Effects display that computerized law keeps a
strong temperature with minimum fluctuation,
decreasing power consumption.

3) Journey Tracking Data
The device recorded a couple of take-a-look drives,
logging adventure start and stop times, AC usage,
and temperature settings. Sample data from a 30-
minute drive is shown below:

Time
Interval

External Temp
(°C)

Cabin Temp
(°C)

AC
Status

0–5 min 32°C 30°C →
27°C ON

5–15 min 32°C 27°C →
24°C ON
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15–30 min 30°C 24°C (Stable) ON

The device is tailored dynamically to external
conditions, attaining balance within 15 minutes.

4) Sensor Accuracy
Trying out revealed that the DHT11 temperature
sensor had an accuracy of *±1°C, which was
sufficient for AC law. The *RTC module
accurately logged timestamps with a deviation of
±0.5 seconds per hour.

5) Power Consumption
The machine optimized AC utilization, decreasing
power intake by using 12% in comparison to
manual control. The relay module's switching
mechanism minimized useless AC operation
during short stops.

B. Discussion
1) Effectiveness of the Algorithm
The dynamic temperature adjustment set of rules
completed well in retaining consumer consolation.
The roulette-primarily based electricity allocation
correctly prioritized cooling wherein needed
without immoderate AC operation.

2) Challenges and Limitations
1. Sensor Delays: The DHT11 sensor had a

reaction put off of approximately 2

seconds, which could slightly affect real-
time modifications.

2. External weather impact: unexpected
changes in outside weather situations (e.g.,
rain) have not right now factored in
because of API update durations.

3. Strength supply Dependency: The gadget
relies on the vehicle’s battery; extra energy
optimization techniques should improve
overall performance.

3) Comparison with Existing Systems
Unlike conventional AC structures that function at
a constant user-set temperature, this device
dynamically adjusts based on actual-time
conditions. In comparison to those discovered in
high-end cars, this answer is cost-effective and
adaptable to older automobile models.

4) Future Enhancements
1. AI-based Predictive control: implementing

gadget studying algorithms to adjust the
temperature based totally on past person
alternatives.

2. Humidity tracking: adding sensors to tune
humidity levels for advanced weather
control.

3. Sun electricity Integration: utilizing solar
electricity to reduce dependency on the
vehicle’s battery.

V. FUTURE SCOPE

The proposed automated temperature
management gadget has established sizeable
enhancements in comfort, strength performance,
and automation. However, there's enormous scope
for similarly improvements and optimizations:

A. AI-primarily based Predictive Temperature
manipulate
Destiny implementations can integrate gadgets to
get to know fashions to research consumer options
and driving patterns. By gaining knowledge of
beyond AC usage facts, the gadget can predict and
pre-modify temperatures before the adventure
begins, enhancing efficiency and personal comfort.

http://www.ijetjournal.org/


International Journal of Engineering and Techniques-Volume 11 Issue 6,
November - December - 2025

ISSN: 2395-1303 https://ijetjournal.org/ Page 93

B. Humidity monitoring for advanced weather
manipulation
Incorporating a DHT22 or BME680 sensor for
humidity detection could allow the device to alter
not just temperature but also cabin humidity. This
will enhance air high-quality, save you from
windshield fogging, and decorate overall thermal
consolation.

C. Integration with car Telematics
The device can be incorporated with the
automobile's CAN bus or OBD-II interface to get
the right of entry to telemetry records consisting of
engine load, gasoline efficiency, and battery
reputation. This will enable adaptive cooling
strategies primarily based on actual-time car
overall performance.

D. Sun-Powered AC Operation
To enhance power performance and decrease
dependency on the car battery, destiny variations
can include a sun-powered auxiliary cooling
system. This can permit pre-cooling of the
automobile when parked underneath sunlight,
decreasing the AC load after engine startup.

E. IoT-based far-flung manipulation and
Automation
Expanding the system with IoT connectivity (via
MQTT or cloud offerings) might permit users to
manipulate AC settings remotely with the use of a
smartphone app. Capabilities which include voice
assistant integration (Google Assistant/Alexa) and
geo-fencing-primarily based automation ought to
in addition beautify usability.

F. Multi-region climate control
Destiny developments may want to introduce
region-based cooling, wherein distinct regions of
the car are cooled independently based totally on
occupancy. This will be useful in large
automobiles including SUVs and trucks, ensuring
strength-efficient localized cooling.

G. Smart windows and air flow Synchronization
Integrating clever window tinting and automated
air flow systems may help optimize cooling
further. For instance, the device could routinely
decrease windows or activate air flow while the

car is parked in excessive temperatures, reducing
heat buildup earlier than AC activation.

VI. Conclusion
The proposed automatic temperature management
gadget for vehicles enhances passenger
consolation and optimizes electricity efficiency by
dynamically adjusting the AC temperature based
totally on real-time environmental and occupancy
facts. The machine integrates a couple of sensors
and modules with an ESP32-based manipulation
unit, enabling automated temperature regulation
and guide override through an internet-based total
interface.

Experimental effects exhibit that the machine
maintains a stable cabin temperature, reducing
manual interventions and improving overall
performance. The adventure monitoring
characteristic presents targeted logs of AC
utilization, external situations, and temperature
versions, imparting valuable insights for similar
optimization. Furthermore, electricity intake
evaluation indicates a discount in energy
utilization as compared to traditional manual AC
manipulation.

At the same time as the gadget performs
successfully, demanding situations along with
sensor reaction delays and outside climate
fluctuations have been discovered. Future
upgrades, consisting of AI-primarily based
predictive management, humidity monitoring,
solar-powered operation, and IoT connectivity,
could in addition enhance functionality and
performance.

In the end, the evolved gadget gives a cost-
effective, adaptable, and power-green alternative
to conventional vehicle air conditioning structures,
making it suitable for both older cars and modern-
day smart motors. With further improvements, this
era has the ability to contribute drastically to
sustainable and sensible climate control answers in
the car enterprise.
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