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Problem Definition and Background 
The Invisible Threat: Indoor air can be 2 to 5 times more polluted than outside air , causing headaches, poor sleep, and respiratory 
issues.
The "Dumb" Monitor Problem: Current consumer devices are reactive data collectors that lack context or actionable insights.

  

Design Specifications 

Design Alternatives
   Hardware Design Alternatives                       Software Design Alternatives

 

Final Design and Implementation

Hardware Design                             Software Design              ML Design   
                                      

 

   Fig 1. Hardware Architecture             
                          Fig 2. Software Architecture (Arduino)        Fig 3. ML architecture
                          
Air Scoring Model  : 

Event Signatures 

                          

    
     Fig 5. PM2.5 comparison of multiple events          Fig 6. Event Fingerprint for Smoking

   

a) Prioritizing Real Threats: Weighting core pollutants (PM, VOCs) at 
2.0x and ambient data (Temperature, CO₂) at 0.5x forces the AI to focus 
on true hazards rather than normal environmental shifts.
b) Eliminating False Alarms: a strict 70% confidence threshold prevents 
against false positive alerts triggered by environmental reasons 
c) Guaranteed Accuracy: Because of the weighting ratio, reaching the 
70% threshold mathematically guarantees that high-priority pollutant 
sensors must be at least 62.5% active for an event to be classified.

Design Evaluation and Iterative Process

Power Supply Issue : 

 

ML Scope Refining

Design Prototype

    Fig 7. Design Prototype

Results and Discussion (Future Work)

  

System Category Current Results & Validation Discussion & Future Work

Prototype 
Validation

Currently built on a breadboard prototype, 
provides modularity and an easier 
prototyping stage. 

Fabrication of custom PCB and vented 3D 
enclosure for enhanced durability 

Sensor 
Responsiveness

PM Sensitivity: Validated with immediate 
spikes from cigarette smoke vs. gradual 
candle-based increases
CO2 : Validated by human respiration and 
combustion tests.
VOC : validated with instant spikes with 
Vape smoke

CO Sensors: Safe calibration and 
sensitivity validation of CO sensors 
without high-concentration fire hazards. 
VOC Calibration: Optimization of the 
SGP30 baseline to eliminate drift and 
ensure accuracy across different clean-air 
thresholds. 

Machine Learning
Operational TFLite pipeline on ESP32 
utilizing real-time Z-score normalization 
and parameter weighting

Public dataset integration to reduce "safe-
air" bias and using a cloud-based LSTM 
model for predictive, short-term indoor air 
quality forecasting

IoT & User 
Interface

System development optimized at an 
estimated cost of $210–$257, well within 
the strict $300 budgetary constraint.

Deploy a comprehensive web dashboard 
or mobile application with future 
predictions and historical trends.
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