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ABSTRACT 

The increasing demand for energy-efficient and reliable air conditioning (AC) 

systems highlights the need for advanced maintenance strategies beyond traditional 

reactive approaches. This project proposes an IoT and Blockchain-Based 

Decentralized AC Management System for Predictive Maintenance, integrating real-

time sensor monitoring, machine learning (ML) analytics, and blockchain 

technology. IoT sensors track critical AC parameters such as temperature, humidity, 

pressure, airflow, vibration, and energy consumption, while ML algorithms analyze 

this data to predict potential failures and optimize maintenance schedules.  

The IOTA Tangle blockchain ensures secure, tamper-proof storage of operational 

logs and enables automated smart contracts for seamless maintenance execution. 

Implemented on a 2-ton Voltas split AC with R22 refrigerant, the system 

demonstrates a 20-30% reduction in energy consumption, enhanced system 

reliability, and significant downtime reduction. This research contributes to 

sustainable AC operations, cost effective maintenance, and scalable integration into 

HVAC systems, offering a transformative approach to smart air conditioning 

management. 
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PROJECT IMPLEMENTATION 

The project has been successfully completed with the development of a fully 

functional IoT and Blockchain-Based Decentralized AC Management System for 

Predictive Maintenance. A dedicated test rig was fabricated using mild steel square 

pipes welded together to provide structural support for the 2-ton split AC unit. This 

setup allowed real-world testing and validation of the system under varying 

operational and environmental conditions. 

A. Website:   

The web application serves as the central interface for both users and maintenance 

providers, enabling seamless management of predictive maintenance operations. 

Developed using React.js for the frontend and Django with Python for the backend, 

the website provides a dual-dashboard system one for the user and another for the 

maintenance provider. The user dashboard allows users to monitor real-time AC 

performance metrics, view predictive maintenance reports, and track the status of 

ongoing service requests. The maintenance provider dashboard offers tools to 

manage assigned maintenance tasks, access fault prediction data, and generate or 

update smart contracts. The system is fully integrated with the Firebase server, which 

handles authentication, user profiles, and contract data management. Smart contract 

details generated by the predictive maintenance pipeline are automatically uploaded 

to the website, ensuring transparency and efficient communication between users 

and service providers. This integration of IoT data, blockchain records, and web 

accessibility creates a unified platform for intelligent, decentralized AC maintenance 

management. 

 

• Frontend: React.js  

• Backend: Node.js with Python with Django.  

• Database: Firebase  

• Deployment: GitHub  

• Blockchain computing: IOTA blockchain network 

• URL: https://airchain-web.github.io/ 
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Fig 1. Screenshots of AirChain Webpage 
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B. Test AC Unit Rig:  

To validate the proposed system under real-world operating conditions, a 

dedicated test rig was designed and fabricated. The rig was constructed using mild 

steel square pipes that were precisely cut and welded to form a rigid frame capable 

of supporting a 2-ton split AC unit. This test setup replicates actual installation 

conditions, allowing accurate measurement of performance parameters such as 

temperature, humidity, vibration, pressure, and power consumption. The rig serves 

as a controlled experimental environment for integrating IoT sensors, including 

temperature sensors (LM35, DS18B20), humidity sensors (DHT22), vibration 

sensors (ADXL345), and air quality sensors (MQ135). All sensors are interfaced 

with the Raspberry Pi 5, which acts as the central processing unit for data acquisition 

and analysis. This physical rig enables continuous data collection, real-time 

monitoring, and fault simulation, ensuring that the predictive maintenance system 

functions effectively before deployment on a commercial HVAC unit. 

The AC unit procured is 2 tons Voltas AC model EUGA024KXX1K with 

capacity of 2 tons the units working condition and other conditions are determined 

using R22 properties and graphical analysis with was calculated using standard 

values for R22 refrigerant. The data is acquired for various seasons and temperature 

conditions of Palghar region for proper calibration of data when given to machine 

learning model. Parameters taken for PH chart of R-22 refrigerant for different 

seasons (Palghar District)  

 

 

Fig 2. Test AC Unit Rig 
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C. Sensors:  

Tabel 1. Sensor Details 

Sr. 

No.  
Sensor  

Component 

Placed On  
Work  

Rate 

(Rs)  

Qty 

(Rs)  

Price 

(Rs)  

1  

LM35  

(National  

Semiconductor)  

Evaporator 

coil  

Measures coil 

temperature 

accurately  

100  1  100  

2  

DHT22  

(Kuongshun  

Electronic)  

Inside the 

indoor unit 

panel  

Indoor Temp. 

& Humidity  
574  1  574  

3  

DS18B20  

(Dallas  

Semiconductor)  

Condenser 

coil  

Condenser 

Coil Temp.  
896  1  896  

4  

PZEM-004T  

(Sharvi  

Electronics)  

Power supply 

cable load 

line  

Power  

Consumption 

detection  

6383  2  12766  

5  

ADXL345  

(Analog  

Devices)  

Compressor 

Body  

Vibration  

Measurement 

and fault 

detection  

785  4  1570  

6  Blower 

Motor  

7  
Outdoor Unit 

fan motor  

8  
Fin Bade 

Motor  

9  

MQ135  

(Winsen  

Electronics)  

On the 

indoor unit 

panel  

Indoor air 

quality 

checking  

200  1  200  

10  

ADS115  

(Texas  

Instruments)  

-  

ADC to 

convert 

reading to  

digital from 

analog  

2902  2  5804  

11  

PCF 8574  

(NXP  

Semiconductors  

& Texas  

Instruments)  

--  

ADC to 

convert 

reading to  

digital from 

analog  

300  1  300  
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12  

PCF 8591  

(NXP  

Semiconductors)  

--  

ADC to 

convert 

reading to  

digital from 

analog  

300  2  600  

13  

Relay 5v 

(Embeddinator)  --  

To turn 

system On 

and Off  

253  1  253  

14  
Voltage Sensor 

(Electrohms)  
--  

To calculate 

voltage  
561  1  561  

15  

ACS 772 5A 

(Schneider 

Electric)  
--  

Current 

sensor to 

calculate 

current  

201  1  201  

16  
Arduino SMD 

(Arduino)  
--  

ADC for 

PZEM-004T   
2240  1  2240  

17  2X3 PCB  --  
Circuit for  

LM35  
50  1  50  

18  
PROCIMIT 

SWITCH  
--  

For Flow 

measurement  
400  1  400  

Total  26415  

  

D. IOTA Blockchain Network and Smart Contracts:  

A strand has been made for blockchain on IOTA network for the system. An 

algorithm is developed to define smart contract on the network. The implementation 

of blockchain has been done system wide successfully ensuring better data 

encryption and security of sensitive data. 

 

E. Machine Learning Models:  

The machine learning component of the system plays a crucial role in predictive 

maintenance by analyzing real-time sensor data to detect potential faults before they 

occur. Each model is specifically trained to monitor and predict failures in different 

AC components using historical and live data collected from the test rig. The models 

were trained using supervised learning techniques and optimized through multiple 

iterations to achieve an accuracy exceeding 95%. Once deployed, the models 
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operate in coordination through the central pipeline.py script, which feeds relevant 

data to each model and compiles the predictions into a comprehensive maintenance 

report. The following table summarizes the function of each trained model: 

Table 2. Machine Learning Model Details 

Sr. 

No. 

Model Name Function / Purpose Output 

Type 

1 blower_failure_model.pkl Detects potential 

failures in the blower 

motor, ensuring 

smooth airflow 

through the indoor 

unit. 

Failure / No 

Failure 

2 coil_overheat_model.pkl Monitors evaporator 

and condenser coil 

temperatures to 

identify overheating 

conditions that could 

affect system 

performance. 

Overheating 

/ Normal 

3 compressor_failure_model.pkl Predicts early signs of 

compressor 

malfunction or 

inefficiency, which is 

critical for 

maintaining cooling 

efficiency. 

Failure / 

Normal 

4 fin_failure_model.pkl Detects abnormal 

vibration or load in 

the fin motor, which 

drives air circulation 

across the heat 

exchanger. 

Failure / No 

Failure 

5 indoor_air_quality.pkl Analyzes indoor air 

quality using gas 

concentration and 

humidity data to 

ensure optimal air 

Good / Poor 
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conditions for 

occupants. 

6 outdoor_failure_model.pkl Monitors the outdoor 

fan unit motor for 

vibration, 

temperature, and 

current anomalies 

indicating possible 

failure. 

Failure / No 

Failure 

7 power_peak_predictor_model.pkl Evaluates real-time 

power consumption 
and identifies 

abnormal spikes, 

assisting in 

diagnosing electrical 

or mechanical faults. 

Peak / 

Normal 

Each model contributes to the predictive maintenance pipeline by 

continuously monitoring its respective subsystem. When a potential anomaly or 

failure trend is detected, the corresponding model raises a flag, and the results are 

compiled into the Predicted Maintenance Report. This proactive diagnostic 

framework allows the system to predict failures well in advance, specify the exact 

component at risk, and automatically trigger a smart contract through the 

blockchain-enabled maintenance management system. The metrics of ML models is 

as follows: 

Table 3. ML Model Metrics 

Model Name Accura

cy (%) 

Precisi

on (%) 

Reca

ll 

(%) 

F1 

Scor

e 

(%) 

False 

Positi

ve 

Rate 

(%) 

Log 

Los

s 

blower_failure_model.pkl 97.82 96.94 97.60 97.2

7 

1.15 0.06

2 

coil_overheat_model.pkl 96.45 95.80 96.10 95.9

5 

1.42 0.07

5 

compressor_failure_model.p

kl 

95.73 94.88 95.30 95.0

8 

1.68 0.08

9 
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fin_failure_model.pkl 96.91 96.40 96.70 96.5

5 

1.25 0.07

1 

indoor_air_quality.pkl 98.10 97.95 98.02 97.9

8 

0.94 0.05

1 

outdoor_failure_model.pkl 95.88 95.24 95.66 95.4

4 

1.61 0.08

4 

power_peak_predictor_mod

el.pkl 

97.24 96.81 97.12 96.9

6 

1.33 0.06

8 

The results demonstrate consistently high performance across all predictive 

models. Each algorithm achieved an accuracy above 95%, with strong precision and 

recall values, indicating reliable identification of both true positives and negatives. 

The F1 scores remain balanced, showing that models maintain consistency in 

detecting potential failures without bias toward any specific condition. The log loss 

values are notably low, confirming model stability and confidence in predictions. 

These metrics validate that the machine learning models are robust, generalize well 

on unseen data, and can be effectively deployed for real-time predictive maintenance 

in HVAC systems. 

F. System Integration and Workflow: 

The complete integration of hardware, software, machine learning, and 

blockchain modules forms the backbone of the IoT and Blockchain-Based 

Decentralized AC Management System for Predictive Maintenance. Each subsystem 

has been designed to function autonomously while maintaining seamless 

communication with other components to ensure end-to-end automation and data 

transparency. 

The system initiates its operation with the IoT sensor network connected to the 

Raspberry Pi 5, which acts as the central controller. The sensors continuously 

capture parameters such as temperature, humidity, vibration, pressure, airflow, 

current, and voltage from various sections of the test AC rig. This real-time sensor 

data is collected, filtered, and stored locally in structured format using the Pandas 

library for preprocessing and noise reduction. 

Once the data is processed, it is automatically passed to the pipeline.py 

automation script, which orchestrates execution of multiple machine learning 

models in parallel. Each model analyzes a specific component of the AC system, 

such as the compressor, blower motor, condenser coils, and fin motor, to identify 

abnormal operating patterns or early signs of malfunction. The results from all 
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models are compiled and merged into a single Predicted Maintenance Report, which 

provides detailed insights on component health, possible fault locations, and 

estimated time to failure. 

Following prediction generation, the Smart Contract Generator script 

automatically creates a JSON-based contract file containing the diagnostic results, 

predicted faults, and recommended maintenance actions. This contract file is then 

uploaded to the Firebase server, which stores it securely and makes it accessible to 

both users and maintenance providers through the web application. The web 

interface allows the user to review the maintenance report, while the provider can 

accept, update, or close the maintenance request based on the blockchain-

synchronized contract. 

Finally, the system integrates with a locally deployed IOTA blockchain network, 

ensuring the immutability and authenticity of all maintenance records. Each contract 

transaction is timestamped and stored on the blockchain, enabling transparent 

recordkeeping and decentralized verification. 

Through this fully automated workflow, the system achieves a closed-loop 

architecture starting from data acquisition to prediction, contract creation, and 

blockchain recording thereby providing a secure, intelligent, and self-managed 

predictive maintenance ecosystem for HVAC systems. 

The core automation of the entire system is managed by the pipeline.py script. 

It acts as the central controller that sequentially executes sensor data collection, ML 

model execution, result compilation, smart contract generation, and blockchain 

integration. The script uses Python libraries such as Pandas, NumPy, and Requests 

for data handling and inter-script communication. The pipeline ensures that 

maintenance predictions and blockchain contract updates occur automatically and in 

real time, forming the backbone of the system’s predictive and decentralized 

architecture. 
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Fig 3. System Workflow 

G. Hardware Architecture Diagram: 

The hardware architecture of the IoT and Blockchain-Based Decentralized AC 

Management System forms a robust, three-layer data pipeline, beginning with the 

Data Acquisition Layer where a diverse network of sensors, including LM35, 

DS18B20, DHT22 for temperature, ADXL345 for vibration, and power sensors 

PZEM-004Tm ACS 772 5A, continuously monitor the AC rig, with their analog 

signals conditioned by various ADCs before being consolidated by the Raspberry Pi 

5 central controller. This data is then fed into the Processing & Prediction Layer 

residing on the Pi, where the pipeline.py script uses Pandas for preprocessing and 

executes specialized Machine Learning Models (e.g., compressor_failure_model) to 

generate a detailed Predicted Maintenance Report. Finally, the Decentralized 

Management Layer takes over, automatically generating a Smart Contract (JSON) 

from the report, storing it securely on the Firebase Server for user and provider 

access via the Web Application, and concluding the closed-loop workflow by 

timestamping and permanently recording the transaction on the IOTA Blockchain to 

ensure data immutability and authenticity. 



12 

 

 

Fig 4. Hardware Architecture Diagram 
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TOTAL COST INCURRED 

Table 4. Total Cost Incurred 

Sr. 

No.  

Component  Price (Rs)  

1  Sensors (Refer Table 1) 26415/- 

2  Test AC Unit Rig (Stand & AC Unit) 20000/- 

3 Raspberry Pi setup (rPI 5, Power Supply, HDMI & 

Monitor, Memory Card) 

20750/- 

 Total  67165/- 
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PERFORMANCE AND TESTING RESULTS 

Table 5. Performance and Testing Results 

Parameter Before 

Implementation 

After 

Implementation 

Improvement 

(%) 

Energy 

Consumption 

2.6 kWh/day 1.9 kWh/day 26.9% reduction 

Average 

Downtime 

8 hrs/month 2 hrs/month 75% reduction 

System 

Reliability 

78% 96% +23% 

improvement 

These results indicate that the developed system achieved significant 

improvements in energy efficiency, reliability, and predictive accuracy, validating its 

effectiveness for real-world HVAC predictive maintenance. 
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CONCLUSION 

The complete implementation of the IoT and Blockchain-based Decentralized 

AC Management System demonstrates the feasibility of combining smart sensing, 

AI-driven analytics, and decentralized data management for predictive maintenance. 

The system effectively detects anomalies, predicts potential failures, and automates 

maintenance scheduling through blockchain-based smart contracts. By integrating 

IoT sensors, machine learning models, and web-based management dashboards, it 

achieves real-time monitoring, accurate fault prediction, and transparent 

maintenance records, resulting in a more energy-efficient and reliable HVAC 

operation. In the future, the system can be made more robust through cloud 

integration for hosting machine learning models, reducing on-device computation 

and hardware costs. Implementing edge–cloud hybrid processing, digital twins, and 

adaptive control algorithms can further enhance accuracy and scalability. Expanding 

blockchain interoperability and incorporating AI-based optimization for automatic 

performance tuning could transform the system into a fully autonomous predictive 

maintenance platform for next-generation HVAC and smart building applications. 
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