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Project Overview
PopMatic is an automated popcorn production line designed to prepare flavored popcorn cups with minimal human intervention. An Arduino Mega microcontroller controls the entire workflow – corn dispensing, oil pumping, spice distribution, mixing, heating, and automated serving through a conveyor mechanism – delivering a consistent product across multiple flavor options.

Problem Statement
Preparing flavored popcorn involves multiple manual steps that are time-consuming, inconsistent, and prone to human error, resulting in variations in taste, portion size, and cooking quality. PopMatic addresses this need by providing a compact, automated, and efficient popcorn production system that ensures consistent output with multiple flavor options.

Operation Modes
The system supports three modes selectable via keypad or web app:
1. Mode 1 – Corn with salt and paprika
1. Mode 2 – Corn with salt only
1. Mode 3 – Corn with salt and double paprika


Production Workflow
1. Prepare cooking pot; dispense corn (NEMA 17), pump oil, open spice servos per selected mode
1. Activate 1500W heating element via relay; run DC mixing motor inside pot; ventilation fan on
1. DVD drive mechanism pushes a cup onto the conveyor belt; IR sensor detects cup and stops belt
1. NEMA 23 stepper motor tilts the pot to pour popcorn into the waiting cup
1. Conveyor transports the filled cup to the output collection point

Key Hardware Components
Controllers
1. Arduino Mega 2560: Main controller managing motors, sensors, relays, keypad, and LCD
1. ESP32: Wi-Fi module serving the web application for remote mode selection and monitoring
Actuators & Motors
1. NEMA 23 stepper + TB6600 driver: Tilts the cooking pot for popcorn discharge
1. NEMA 17 stepper + A4988 driver: Flips corn feeder to drop kernels into pot
1. 2× DC motors 12V (H-bridge): One for mixing; one for driving the conveyor belt
1. 2× Servo motors MG996R: Dispensing doors for salt and paprika containers
1. 12V oil pump: Pumps cooking oil into pot before heating begins
Sensors & Safety Components
1. IR sensor: Detects cup on conveyor and stops belt for filling
1. Ultrasonic sensor: Monitors corn level inside the container in real time
1. 2× Dual-channel relay modules: Isolate 220V AC heating element from low-voltage control
1. 12V fan: Exhaust ventilation to clear smoke during cooking
1. I2C LCD display: Shows real-time operation stage (e.g., "Dispensing Corn", "Heating", "Serving")
1. DVD drive mechanism: Pushes cups onto conveyor on demand; 12V power supply (12.5A) feeds all components



Constraints & Challenges
1. Budget: Required careful selection of cost-effective yet reliable components
1. High-voltage safety: 220V heater required strict relay isolation and insulation
1. Serial synchronisation between Arduino Mega and ESP32 required careful timing management
1. Spice dispensing jams: Resolved by widening openings and adjusting servo angles
1. Cup height mismatch: Resolved by switching to shorter cups that fit under the discharge chute
1. NEMA 23 power shortage: Resolved by optimising overall power distribution across all components

Testing & Results
1. Cooking performance: Consistent popcorn output; heater turns off immediately after each cycle
1. Dispensing accuracy: Correct corn, salt, and paprika quantities for all three modes
1. Cup handling: DVD drive positioned cups reliably; IR sensor stopped belt accurately
1. Sensor accuracy: Ultrasonic corn level and IR cup detection both functional after calibration
1. User interface: LCD provided clear stage feedback; web app enabled remote control and monitoring

Future Work
1. Replace DVD drive with a stronger, motor-based cup-pushing system
1. Expand mobile app with operation logs and maintenance alerts
1. Add more flavour options by expanding ingredient containers
1. Improve ventilation with a stronger or dual-fan system
1. Integrate computer vision (ESP32-CAM) for AI-based quality control on fill level



Conclusion
PopMatic successfully demonstrates how embedded systems, mechatronics, and automation can be combined to design a compact, low-cost, and efficient food production prototype. The system integrates a full production cycle – cooking, ingredient dispensing, cup handling, and serving – with real-time sensor feedback, IoT connectivity, and safety isolation, proving both educational value and practical viability for small-scale snack production.
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