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Motivation and Problem 
• Humans awake at ~23 °C (our “operating temperature”). 
• For good sleep: Room must be ~ 2–3 °C cooler, so that body temperature drops 
• Humidity should be around 50% RH  
• Most people only adjust thermostat/window/fan right before bed 
• Too late → room doesn’t reach 20 °C in time, often ends up too hot or too cold. 
• Considers factors such as rain or snow outside  need constant adjustments to maintain the desired temperature



Proposed System
• An intelligent system that assists in speeding up sleep onset and shortening waking period (temp + humidity). 
• The system should be proactive (deliberative) rather than reactive.  
• The system should be able to learn from user habits, without a time investment from user.  
• Adjusts automatically (thermostat, window state, fan, humidifier). 

• The proposed system will need to: 
o Access sensor data to know the current room state (temp, humidity, light, noise). 

o Build a profile of the user’s environment and habits automatically. 

o Learn a model of the room’s thermal & humidity dynamics to estimate cooling/warming time. 

o Access actuators (thermostat, fan, window, humidifier) to adjust conditions. 

o Determine how long it will take to reach ideal sleep conditions. 

o Decide what actions to take and when to take them, before the user tries to sleep.



Sensing hubs
● 3 Esp 32 Nodes  +  1 Server

Window: 
• Outside vs inside temperature 
• Outside vs inside humidity

Bedside: 
• Light 
• Temperature 
• Humidity

Door: 
• Light 
• Noise 
• Humidity
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Under the hood
● Calibration 

○ Linear correction: actual = a·raw + b 

● Kalman Filtering 
○ 1-D Kalman filter per signal 
○ Assume only Light and Mic change quickly, and all sensors to be relatively low noise: 

Temp: Q=0.01, R=0.2    Humidity: Q=0.01, R=1.0    Light: Q=0.05, R=5.0   Mic: Q=0.1, R=10.0 

● Sensor Output 
○ Every 10 seconds: send fused JSON packet → server 
○ Includes: calibrated + filtered T, RH, mic, light, BLE RSSI, timestamp 
○ Connection maintained via TCP; auto-reconnect if dropped 

● ODE 
○ dT/dt=−(T−T_out​)/Τt          T(t)=T_out​+(T_0​−T_out​)*e^-(t/τT) 
○ Use the most recent Tau to solve for time from current temperature  

to target temperature 

● Spatio/Temporal Map 
○ Temperature only known at a few sensor nodes  
○ Compute its distance to each sensor. 
○ Use inverse-distance weighting (1/d) to assign weights. 
○ Take a weighted average of sensor temperatures.



Demo Time!
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