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Abstract - This study presents a mechatronics-based
approach for real-time condition monitoring of split air-
conditioning systems. Integrating sensors and loT
technologies, the proposed system enables remote
monitoring and fault diagnosis of critical parameters such
as temperature, humidity, pressure, and vibration.
Mechatronics sensors, including temperature, pressure,
gas sensor and vibration sensors, are strategically
deployed to collect data on system performance.
Advanced signal processing and machine learning
algorithms analyze the data to detect anomalies, predict
potential faults, and optimize system efficiency. The
system provides real-time alerts and recommendations
for maintenance, reducing downtime and energy
consumption. Experimental results demonstrate the
effectiveness of the proposed approach in Improving
system reliability, efficiency, and overall performance.
Also with the help of sensor and some arrangements in
split Air-conditioned air exchange done to reduce indoor
pollution like excess of co2 and other pollutants. With
help of mechatronics arrangement self cleaning from dust
and give previous information of this cleaning.

Key Words:  Condition Monitoring, Mechatronics
Sensors, Split Air-Conditioning, 10T, Predictive
Maintenance, Energy Efficiency, indoor pollution, self
cleaning.

1.INTRODUCTION

This project addresses the issue of poor indoor air quality
in densely populated Indian metropolitan cities where
homes often lack sufficient ventilation. The problem is
exacerbated at night when air conditioners are used with
closed windows and doors, leading to a buildup of carbon
dioxide from human respiration, which poses health risks.
The project aims to solve this pollution problem by
integrating air purification capabilities into split air
conditioning systems. Additionally, it focuses on
developing a self-cleaning mechanism for the AC filter to
maintain  optimal performance and reduce the
inconvenience of manual cleaning.

The importance of indoor air quality is highlighted by
World Health Organization (WHOQO) data, which links
indoor air pollution to millions of deaths annually.
Various sources within homes contribute to harmful
pollutants like carbon monoxide, volatile organic
compounds, and particulate matter. Consequently,
research has shifted towards indoor air quality control due
to increasing urbanization and associated lifestyle
changes. Poor indoor air quality can lead to building-

associated illnesses, emphasizing the need for monitoring
and control systems. The efficient operation of air
conditioning systems is also crucial for energy efficiency
and longevity, motivating the exploration of mechatronics
sensors for real-time monitoring, predictive maintenance,
and fault detection.

The project proposes a smart split air conditioning system
with two key features: indoor air pollutant reduction and
self-cleaning. The self-cleaning filter system will use
sensors to detect dust accumulation and automatically
trigger a motorized cleaning mechanism. This will
maintain optimal airflow, improve indoor air quality, and
save energy. Furthermore, the smart air conditioner will
provide timely notifications for filter cleaning and other
maintenance needs, such as complete servicing or
potential  problems, leveraging sensors and a
microcontroller with Wi-Fi connectivity. The introduction
also includes data from NASA highlighting the significant
increase in atmospheric CO2 levels since the pre-
industrial era due to human activities, emphasizing the
broader context of air quality concerns and the impact of
human actions on the environment.
Problem Statement

The proposed solution aims to address this need by
developing a smart split Air-conditioned condition
monitoring system using advanced sensors and
mechatronics technology. In metro pollutant city there
are shearing wall’s so that no have windows for air
exchange that’s why indoor air quality too bad and in that
split Air-conditioned use to maintaining temperature and
humidity but not mentioned indoor pollution like CO2 ,
suffer and other. Pm2 partical are trapped in filter but
that cleaning manually.

Obijective

1. Giving all collective data(temp., humidity, air
quality, dust etc.) of split air conditioner on smart
phone

2. Give notification on smart phone when filter is
packed with collected dust.

3. Automated filter cleaning system

4. Reduce CO2 level from indoor.

5. Reduce bacterial from indoor.

6. Advanced air purification system.

2.LITERATURE REVIEW

The provided excerpts from Javier G. et al. [3] and Klepeis
N. E. et al. [4] underscore the growing significance of
indoor air pollution due to increased time spent indoors
(over 80% and 90% for general and urban populations,
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respectively) and the trend of sealing buildings for energy
conservation. This situation exacerbates the problem,
positioning indoor air pollution as a major contributor to
global health issues and economic losses, often surpassing
the pollution levels found outdoors. Historically
understudied, the complex and evolving nature of indoor
air pollutants, influenced by lifestyle changes and building
materials, necessitates further research and attention.
Addressing this critical issue, Nidhi Rawat and Prashant
Kumar [5] put forth four key recommendations aimed at
improving indoor air quality and fostering sustainable
urban planning. These include the adoption of Green
Infrastructure in schools, regular audits and repairs of
school buildings with third-party 1AQ monitoring, the
development of a publicly accessible tool for identifying
low-pollution commuting routes to school, and the
establishment of robust environmental policies with
binding international air quality standards.

Armin R. et al. [6] contributed to air filtration technology
by fabricating a three-dimensional hybrid filter medium
(GeFM) with high porosity achieved through a multi-step
process involving ZnO microparticles and graphene,
resulting in a homogeneous and interconnected structure.
Addressing the maintenance challenges of air
conditioning systems, Shiv k. Sing et al. [7] developed an
innovative Al-based self-cleaning system for split ACs,
utilizing real-time data and predictive models to automate
cleaning and optimize performance. Similarly, Tomar T.
et al. [8] designed an automatic cleaning system for split
air conditioners with the aim of overcoming issues related
to neglected filter maintenance, thereby improving
efficiency, health outcomes, and safety by automatically
cleaning filters at scheduled times.

This excerpt from a literature review discusses several
approaches to improving air quality and the efficiency of
air conditioning systems. Amira et al. [9] explored
solutions for indoor air quality monitoring and
enhancement, emphasizing the importance of affordable,
eco-friendly, and microbe-resistant filters and discussing
various filtration methods and HVAC system impacts.
Dwivedil and B A Shah [10] demonstrated that
integrating evaporative cooling pads with split air
conditioner outdoor units can reduce condenser pressure
and energy consumption, thus enhancing efficiency.
Finally, Jiang et al. [11] experimentally investigated a
modified air conditioner for domestic hot water supply
(ACDHWS), finding a significant 38.6% increase in the
coefficient of performance (COP) compared to the
original unit.This section of the literature review continues
to explore innovations and performance enhancements in
air conditioning systems. Azridjal A. et al. [12] examined
a residential split air conditioner with a trombone coil
condenser operating as a heat pump water heater,
concluding that this modification improves energy
efficiency for both cooling and heating. Salman T. et al.
[13] analyzed the performance of a split-type air
conditioner system utilizing multiple evaporators with
refrigerants R22 and R134a, calculating the Coefficient of
Performance (COP) under different conditions, including
with and without sub-cooling. Lastly, Kelvin et al. [14]

designed and tested a portable air conditioner equipped
with a self-cleaning system, demonstrating its efficiency
and cost-saving benefits.

3. Design and selection of components

This section details the hardware and software
components selected for the project. The hardware
components include a microcontroller (ESP32/ESP8266
or Arduino), temperature and humidity sensors
(DHT11/DHT22 or alternatives), a pressure sensor
(BMP180/BMP280), an  air  quality  sensor
(MQ135/MQ7), amotion sensor (PIR), a relay module for
controlling the compressor and fan, a Wi-Fi module
(integrated in ESP32/ESP8266 or separate), and a 5V/12V
DC power supply. The software components consist of an
operating system (FreeRTOS or Arduino OS), a
programming language (C/C++ or MicroPython), a
mobile application (developed using Flutter, React
Native, or native platforms), and a cloud platform (AWS
10T, Google Cloud loT Core, or Microsoft Azure loT).

The sensor selection process emphasizes accuracy,
reliability, durability, and compatibility. For the
microcontroller, NodeMCU (ESP8266) is chosen due to
its integrated Wi-Fi connectivity, low cost, decent
processing power and memory, ease of programming
(Arduino IDE and MicroPython), compact size, strong
community support, integrated USB, and sufficient 1/O
and communication interfaces, making it ideal for loT
applications.For temperature sensing, while various
options like thermocouples, thermistors, LM35, TMP36,
and DHT22 are considered, the DHT11 temperature
sensor is selected for its affordability and low power
consumption. It communicates via a single-wire digital
interface and is suitable for basic temperature
monitoring.In the case of pressure sensors, several types
including piezoresistive, capacitive, piezoelectric, and
strain gauge sensors are discussed for their roles in various
applications. A comparison of specific pressure sensors
(BMP180, MPX series, MS5611, MPXV) leads to the
selection of the BMP180 pressure sensor. The BMP180
offers high accuracy (x1 hPa), fine resolution (0.01 hPa),
integrated  temperature compensation, a reliable
manufacturer (Bosch Sensortec), and the ability to
measure both precise atmospheric pressure and
temperature, making it a cost-effective and compact
solution for environmental sensing needs in the project.®

4, Architecture of Microcontroller:

Fig 1. Block diagram of architecture
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The ESP8266 microcontroller is the central processing
unit, responsible for:

e Central Control: Orchestrating all components.

o Data Processing: Converting raw sensor data
into meaningful units (CO2 in PPM, pressure in
hPa, dust in pg/ms).

e Communication Hub:

o Directly controlling the GP2Y1010AUOQF
LED for dust sensing.

o Directly controlling a relay based on CO2
levels.

o Communicating with the PCF8591 ADC
and BMP180 sensor via the PCA9548A 12C
multiplexer to avoid address conflicts.

o Connecting to Wi-Fi for internet

communication.

o Interacting with the Blynk Cloud for remote
monitoring and potential control.

o Sending sensor data to Google Sheets via
HTTP requests.

o Outputting debugging information to the
Serial Monitor.

The PCA9548A Multiplexer acts as an 12C
switchboard, allowing the ESP8266 to communicate with
multiple 12C devices (PCF8591 and BMP180) that might
have the same address. The PCF8591 ADC converts
analog voltage signals from the MQ135 gas sensor and the
GP2Y1010AUOQF dust sensor into digital values that the
ESP8266 can process. The MQ135 sensor detects various
air pollutants, outputting an analog voltage. The BMP180
sensor measures atmospheric pressure and communicates
digitally via 12C. The GP2Y1010AUOF sensor uses an
infrared LED and phototransistor to detect dust and
outputs an analog voltage. The Relay acts as an electronic
switch controlled by the ESP8266 based on CO2 levels.
The Blynk Cloud provides a platform for remote
monitoring and potential control via a user-friendly
dashboard. Google Sheets serves as a data logging and
analysis tool, receiving sensor data from the ESP8266.
The Serial Monitor is used for local debugging and real-
time feedback during development.

Data Flow: Analog signals from MQ135 and
GP2Y1010AUOF are read by the PCF8591 ADC through
the PCA9548A multiplexer. Digital pressure data from the
BMP180 is also read by the ESP8266 via 12C through the
multiplexer. The ESP8266 processes this data and sends it
to the Blynk Cloud and Google Sheets over Wi-Fi. It also
controls the relay based on CO2 levels. The Blynk App
visualizes the sensor data, and Google Sheets stores it for
analysis.

Wiring of Microcontroller, Sensor, and Relay:

This subsection details the physical connections
between the ESP8266 and the various sensors and the
relay. It specifies the GPIO pins used for controlling the

GP2Y1010AUQF's LED and the relay. It also explains the
I12C connections required for the PCA9548A, PCF8591,
and BMP180, including the SDA and SCL pin
connections and the need for ground and power. The
analog output connections for the MQ135 and
GP2Y1010AUOF to the PCF8591's analog input channels
are described, along with the power requirements for these
sensors, potentially needing a separate 5V supply and
level shifting. The digital 12C communication of the
BMP180 and the LED control and analog output of the
GP2Y1010AUOF are also elaborated. Finally, it
summarizes how the code interacts with each sensor,
including the formulas used to convert raw data into
meaningful units and the libraries used for 12C
communication with the BMP180. It also highlights the
approximate nature of PM2.5 and PM10 estimations.

Architecture of Google Script:

The project is described as a distributed system
involving hardware, firmware, and cloud services. Key
architectural aspects include data acquisition and
conversion, the wuse of 12C and Wi-Fi/HTTP
communication protocols, event-driven relay control, data
logging and remote monitoring, and backend processing
via the Google Apps Script.

The system's data flow and interactions are outlined in
seven steps:

1. Sensor Data Acquisition: The MQ135,
BMP180, and GP2Y1010AUOF sensors collect
environmental data.

2. Data Conversion and Multiplexing: The
ESP8266 uses the PCF8591 ADC (accessed
through the PCA9548A multiplexer) to read
analog sensor outputs. The BMP180
communicates digitally via 12C (also through the
multiplexer). The ESP8266 directly controls the
GP2Y1010AUOF's LED.

3. Data Processing and Control: The ESP8266
processes the sensor data, performs calculations,
and controls the relay based on CO2 levels.

4. Cloud Communication: The ESP8266 sends
processed data to the Blynk Cloud for
visualization and potentially receives control
commands. It also sends data to Google Sheets
via HTTP GET requests to a deployed Google
Apps Script.

5. Data Storage and Visualization: The Blynk
Cloud provides a real-time dashboard, and
Google Sheets stores the data for historical
analysis.

6. Data Reception and Processing (Google Apps
Script): The doGet() function in the Google Apps
Script receives sensor data as parameters in the
HTTP GET request, parses it, and writes it into a
Google Sheet with a timestamp. It also returns a
confirmation to the ESP8266. The stripQuotes()
function is a utility for data cleaning.
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7. DebL_Jgging: The ESP82§6 uses the Serial 38 32.90 41.50 420.89
o o vt o o e % @as o awss
information and errors in its execution log. 40 32.70 41.67 418.27

5. Observation table 41 32.65 41.75  416.96

: m CO?2 42 32.60 41.84 41565
(Tr:mf; Temgf(r:;““re H”(r(',‘/:)‘)"ty level 43 32.54 4193 41434
(PPM) 44 32.49 42.02  413.03

il 38.30 29.90 347 45 32.44 4210  411.72

2 38.10 30.90 3559 46 32.39 4219 41041

3 37.90 31.60 368 47 32.34 42.28 409.1

4 38.10 31.90 380.1 48 32.28 4237  407.79

5 37.80 32.00 392.2 49 32.23 4245  406.48

6 37.60 33.50 404.3 50 32.18 4254  405.17

7 37.10 34.70  415.76 51 32.13 4263  403.86

8 36.60 35.00  427.55 52 32.08 4271  402.55

9 36.30 3580  439.34 53 32.02 4280  401.24

10 36.20 36.90  451.13 54 31.97 42.89  399.93
11 36.00 37.50 456.1 55 31.92 4298  398.62
12 35.80 38.20  455.01 56 31.87 43.06  397.31
13 35.90 39.50 454.3 57 31.82 43.15 396

14 35.70 42.80  452.99 58 31.76 4324  394.69
15 35.40 4310  451.68 59 31.71 4333  393.38
16 35.10 41.80  450.37 60 31.66 4341  392.07
17 35.10 40.40  449.06 61 31.61 4350  390.76
18 34.80 39.50  447.75 62 31.55 4359  389.45
19 34.70 42.80  446.44 63 31.50 4367  388.14
20 34.40 39.10 44513 64 31.45 4376  386.83
21 34.20 37.60  443.82 65 31.40 4385  385.52
22 34.20 41.30 44251 66 31.35 4394  384.21
23 34.00 43.40 441.2 67 31.29 44.02 382.9
24 33.80 4520  439.89 68 31.24 4411  381.59
25 33.70 4420  438.58 69 31.19 4420  380.28
26 33.70 4390  436.61 70 31.14 4429 37897
27 33.40 42.50 435.3 71 31.09 4437  377.66
28 33.40 41.80  433.99 72 31.03 4446  376.35
29 33.40 41.30  432.68 73 30.98 4455  375.04
30 33.30 4050  431.37 74 30.93 4463  373.73
31 33.20 40.10  430.06 75 30.88 4472 37242
32 33.00 39.50  428.75 76 30.82 4481 37111
33 32.90 41.50 427.44 77 30.77 44.90 369.8
34 32.90 42.90  426.13 78 30.72 4498  368.49
35 32.90 4250  424.82 79 30.67 4507  367.18
36 33.00 41.10  423.51 80 30.62 4516  365.87
37 32.90 40.10 422.2 81 30.56 4525  364.56
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82 30.51 45.33 363.25
83 30.46 45.42 361.94
84 30.41 4551 360.63
85 30.36 45.59 359.32
86 30.30 45.68 358.01
87 30.25 45.77 356.7
88 30.20 45.86 355.39
89 30.15 45.94 354.08
90 30.10 46.03 352.77
91 30.04 46.12 351.46
92 29.99 46.21 350.15
93 29.94 46.29 348.84
94 29.89 46.38 347.53
95 29.83 46.47 346.22
6. ANALYSIS
60
40 T
———
20
0

5 15 25 35 45 55 65 75 85 95 105 115 125 135

Temp. Humitidy

Figure 1 Charet of time(min.) VS Temperature("C) and
Humidity(%)

This section explains the capabilities of a 1-ton split air
conditioner in terms of cooling capacity, temperature
reduction, humidity control, energy efficiency, and the
impact of external conditions, particularly relevant to a
location like Sangola, Maharashtra.

A 1-ton AC provides approximately 12,000 BTU/h (3.5
kW) of cooling, suitable for rooms around 100 to 150
square feet under normal conditions. However, factors
like windows, sun exposure, and internal heat sources can
influence its effectiveness.

The temperature reduction achieved depends on the
thermostat setting, outdoor temperature, insulation,
airflow, and internal heat load. An ideal temperature range
for comfort and efficiency is 22-24°C (72-75°F). Setting
it lower increases energy consumption.

Air conditioners inherently dehumidify by condensing
moisture on the cold coils. However, the unit's size and
operation cycle affect dehumidification efficiency. An
oversized unit might cool too quickly without removing
enough humidity. Some ACs have a "Dry Mode" for
dedicated dehumidification. Comfortable indoor humidity
is between 30% and 50% RH.

Energy consumption increases with lower temperature
settings. Effective dehumidification can improve comfort
at slightly higher temperatures, saving energy.
Maintaining an energy-efficient temperature (around
24°C) and ensuring proper dehumidification are crucial
for balancing comfort and energy savings.

High outdoor humidity, common in places like Sangola
during certain times, forces the AC to work harder for
dehumidification, potentially affecting its cooling and
humidity  regulation  efficiency. High  outdoor
temperatures also increase the AC's workload.

In summary, a 1-ton split AC can cool a small to medium
room and reduce humidity. Optimal performance and
energy efficiency depend on correct sizing, user settings,
maintenance, and external conditions. In highly humid
areas, a supplementary dehumidifier might be necessary
for ideal comfort.

500

400 %

300

200
100

0
15 30 45 60 75 90 105120135150165180195210

e (02 = Safe Level

Fig-2 CO2 level reduction by project
The experiment described involves increasing carbon
dioxide levels in a closed room by burning paper and
plastic. The air from this room is then passed through a
sodium hydroxide (NaOH) solution. The chemical
reaction that occurs is:
2NaOH(s)+C0O2(g)—Na2C0O3(s)+H20(1)
This equation shows that solid sodium hydroxide reacts
with gaseous carbon dioxide to produce solid sodium
carbonate and liquid water. At a molecular level, the
hydroxide ions (OH—) from the sodium hydroxide react
with the carbon dioxide (CO2) molecules. Initially, a
bicarbonate ion (HCO3-) is formed, which then reacts
with another hydroxide ion to produce a carbonate ion
(CO32-) and water (H20). The sodium ions (Na+) then
combine with the carbonate ions to form sodium carbonate
(Na2C03).
Observations of this reaction would include the solid
sodium hydroxide appearing damp due to the water
produced, and an increase in the mass of the sodium
hydroxide as it absorbs carbon dioxide and transforms into
sodium carbonate. The text also states that 1 kg of NaOH
can filter nearly 0.5 kg of CO2.

7. CONCLUSIONS

This project presents an integrated approach to managing
indoor air quality by simultaneously reducing carbon
dioxide (CO2) levels and monitoring air conditioner
performance. CO2 reduction is achieved by passing air
through a sodium hydroxide (NaOH) solution. The smart
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air conditioner monitoring system tracks indoor and
outdoor temperatures and humidity, as well as the
condition of the air filter, providing notifications for
timely replacement.

The benefits of this project include improved indoor air
quality through CO2 reduction and ensuring the air
conditioner operates with clean filters. It also enhances
the air conditioner's performance and efficiency by
maintaining optimal operating conditions, potentially
leading to energy savings. The filter replacement
notifications offer a proactive maintenance approach.
The project has significant implications for future smart
home technology and indoor air quality management,
setting a precedent for integrating these aspects into more
sophisticated and automated systems. It offers a
comprehensive solution focused on both health and
efficiency, with potential for adaptation in various indoor
settings.
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