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Problem
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Problem
⦿ Maintaining ideal temperature of beverages is 

challenging

⦿ Impact on taste and enjoyment of the drink

⦿ Existing solutions in the market are expensive, e.g., 
Ember Mug

⦿ Accessibility issues for average consumers
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Solution
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Solution
⦿ Advanced temperature control system to maintain 

desired temperature

⦿ Intuitive app interface for setting temperature 

⦿ Affordable cost compared to existing solutions

⦿ Eliminates the need for time-consuming and wasteful 
reheating
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Design Overview
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Schematics
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PCB
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Video Demonstration
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http://www.youtube.com/watch?v=2AVvhHkqb9Q


Cost table
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$ 97.30
vs. 

$129.95      

CHEAPER!



Performance Analysis
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Sensor Subsystem
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⦿ Expected: 
⌾ Less than 2% difference with the actual temperature. 
⌾ Detected temperature send to ESP32

⦿ Achieved:
⌾ Room temperature: 19.44 °C / 67 °F
⌾ Detected temperature: ~20.50 °C 
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Heating Subsystem
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⦿ Expected: 

⌾ Heating element controlled by a GPIO pin of ESP32 

⌾ Heating element heats up liquid in the mug
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Achieved: output voltage from GPIO 5
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battery
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voltage drop through the heating element



Successes and Difficulties
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Schematics



PCB
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Circuit Building: Successes

31

⦿ Breadboard Circuit

⦿ Most expectation achieved using the breadboard

⌾ Successfully controlled the on/off of the heating subsystem

⌾ Successfully detected the liquid temperature



⦿ Unable to power the heating element with MOSFET CD4007

⌾ Incorrect calculation of the current required for the heating 

element (1 A vs 200 mA)

⌾ Wrong MOSFET use of CD4007

⦿ Heating element heat up liquid slowly 
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Circuit Building: Difficulties



Software: Success
⦿ Responsive and user-friendly front-end 

⦿ Integrated the front-end with a real-time NoSQL database 

⦿ Configured the ESP32 to connect to a Wi-Fi and database

⦿ Program the ESP32 to receive temperature data from web app 

⦿ Communicates with the temperature control loop
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Software: Difficulties

⦿ Switch between a lot of microcontrollers

⦿ Subsystems were not fully integrated

⦿ Resolved most issues 
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Conclusion
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Future Work
⦿ Implementation of the software design

⦿ Implementation of ML

⦿ Proper heating elements

⦿ Lower cost



What we learned this semester
⦿ Program microcontroller 

⦿ Connect web app to a real time database 

⦿ Connect microcontroller to wifi and to real time database

⦿ Soldering experience 

⦿ Got KiCad experience
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What we learned this semester
⦿ Real-World Problem Solving

⦿ Interdisciplinary Collaboration

⦿ Project Management

⦿ Lifelong Learning
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THANKS!
Any questions?
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