Enhanced Future Innovators STEM Program: Electronics, Robotics & Al
(Ages 12-16)

Program Overview:

Hands-on, project-driven curriculum blending electronics, robotics, loT, and Al.

Progressive sequence: simple circuits > Arduino C/C++ coding > smart robots >
TinyML applications.

Early introduction of AI/ML concepts: machine learning basics, NLP, ethics.
Early introduction of loT: data to cloud, app control.
Includes worksheets and mini-challenges for each lesson.

Students learn to think like engineers: applying design thinking to solve real-world
problems with Arduino and ESP32.

Curriculum Stages

Stage 1: Electronics & Circuit Foundations (4-6 hours)

Introduction:

Electrical concepts: voltage, current, resistance

Components: resistors, LEDs, RGB LEDs, pushbuttons, buzzers, potentiometers,
displays

Solderless breadboard usage
Logic: AND, OR, NOT gates, digital thinking

Reading and interpreting simple circuit diagrams

Applied Concepts:

Hands-on wiring: series/parallel circuits
Using multimeter
Controlling LED brightness (PWM)

Reading button/potentiometer inputs



e Arduino IDE setup

e First Arduino sketch: Blink

e Linking code to hardware
Projects:

1. Smart Lamp: RGB LED desk lamp controlled by potentiometer (color) + button
(on/off)

2. Mood Display: Potentiometer changes RGB LED color or updates simple I°C LCD
message

3. Alert Buzzer: Motion/IR sensor triggers buzzer (motion-detected alert)
Learning Outcomes:

¢ Understand basic circuits and components

e Use breadboard

¢ Write simple Arduino sketches (variables, loops)

e Apply Boolean logic

¢ Assemble circuits & debug hardware/software

Stage 2: Microcontroller Programming & Sensors (4-6 hours)

Introduction:

Arduino/ESP32 fundamentals: digital vs analog I/0, PWM

e (C/C++ concepts: functions, conditionals, loops, arrays
e Sensors: ultrasonic (distance), IR (obstacle/line), LDR, soil moisture
e Actuators: DC motors, servo motors, buzzers, LCD/LED displays
e Serial communication (UART) & Serial Monitor
Applied Concepts:
e Integrate multiple inputs/outputs

e Control motors/servos (motor drivers/transistor circuits)



Display sensor data on 7-segment/I°’C LCD
Decision-making: if-else, switch

Debug via Serial Monitor

Projects:

1.

Smart Plant Monitor: Soil moisture + light sensor; display status on LCD; optional
alerts

Line-Tracing Car (Prototype): IR line sensors for line-following behavior

Gesture/Remote Device: IR remote or gesture control (flex/ultrasonic sensor) for
LED/servo

Data Logger: Send sensor data to PC; visualize via Serial Plotter; basic data analysis

Interactive Robot: Ultrasonic sensor robot avoiding obstacles, reporting distance
on LCD

Learning Outcomes:

Write modular Arduino C/C++ code
Read/write digital and analog sensors
Use PWM for actuators

Implement if-else logic

Integrate Serial I/0

Iterative debugging & hands-on problem solving

Stage 3: Applied Robotics & Automation (5-6 hours)

Introduction:

Assembling complete robots

Chassis assembly

Motor driver modules: L298N/H-bridge

Advanced programming: arrays, complex functions

Communication protocols: I°C & SPI



Multi-sensor fusion (ultrasonic + IR)

Robot logic refinement: subroutines for tasks

Applied Concepts:

Autonomy and precision: line-following, maze navigation, obstacle avoidance
Servo control for arms/sensors

Feedback loops

I°C & SPl interface practice

Modular code design: libraries & custom classes

Projects:

1.

2.

5.

Autonomous Delivery Robot: Line/path following to deliver objects
Enviro-Monitor Bot: Mobile temp/humidity/air-quality sensors; I°C LCD display

Game Bot (Sumo/Rescue Robot): Push objects or search maze; optional “follow
the leader” challenge

Protocol Demos:
o I*C: distance sensor or IMU > display
o SPI: OLED display or SD card logging

Optional Robotic Arm Mini-Project: servo pick-and-place

Learning Outcomes:

Build & program autonomous robots

Integrate multiple sensors

Apply I°C/SPI in projects

Gain mechanical assembly & iterative design experience

Write reusable code modules

Stage 4: loT & Smart Connectivity (4-5 hours)

Introduction:



e Networking & cloud basics

e NodeMCU/ESP32 Wi-Fi connectivity

e MQTT & HTTP protocols

¢ Mobile/web dashboards: Blynk, Arduino loT Cloud, open platforms

o REST APIs, data logging, app integration
Applied Concepts:

e Real-time sensing & remote control

o Publish sensor data to cloud/mobile

o Trigger alerts (email/SMS, webhooks)

o Combine UART + I°C for loT projects

¢ Wi-Fi security basics

e Conditional automation logic
Projects:

1. Smart Home Monitor: ESP32 collects sensor data; remote control via mobile app
(LED/fan)

2. loT Weather Station: NodeMCU + temp/humidity/light sensors - cloud dashboard

3. Campus Alert System: ESP32 reads gas/motion sensors > phone/email alerts + I°C
LCD

4. Mobile-Controlled Lock: Wi-Fi door lock via mobile app; optional keypad/RFID
input

5. Protocol Integration: UART (ESP32 > PC) + I°C (sensors + LCD)
Learning Outcomes:
¢ Wireless data exchange

loT cloud/mobile visualization & control

Network protocol understanding (MQTT/HTTP)

Build connected devices & understand loT architectures



Stage 5: Al, TinyML & Innovation (5-6 hours)

Introduction:

Al/ML fundamentals: classification, regression

Ethics of Al

Computer vision (camera basics)

Voice recognition

TinyML (ML on microcontrollers)

Tools: Teachable Machine, Edge Impulse, Arduino TinyML libraries

Advanced programming: state machines, modular design

Applied Concepts:

Project-based Al: train & deploy models on microcontrollers

Collect data - train model » run inference on ESP32

Combine Al with robotics & sensors

Use protocols in tandem: I°C (display), SPI (camera), UART (PC communication)

Creative problem-solving: add autonomy, predictive sensing

Projects:

1.

Face/Color Recognition Robot: ESP32-CAM or Arduino Vision Shield; greet faces
or sort colors

Voice-Activated Assistant: TinyML voice recognition > control motors/sounds
Trash Sorting Bot: Al classifies recyclables; robot sorts into bins

Gesture Control Gadget: Flex/accelerometer sensor - train gestures - control
devices

Capstone Challenge — STEM Solution:
o Team project addressing real-world problem

o Collect data, train models (Edge Impulse/Teachable Machine), integrate all
learned skills

o Presentation/demo



Learning Outcomes:
e Apply TinyML on microcontrollers
o Combine Al + sensor-driven robotics
e Program robots that see and hear
e Ethical Al usage
e |terative ML model improvement

¢ Complete capstone project solving real-world problem

Key Curriculum Features
e Embedded C/C++ coding throughout
e Project-based learning with worksheets & mini-challenges
« Communication protocols (UART, I°C, SPI) taught in projects
¢ Age-adaptive: scalable for beginner > advanced students
¢ Innovation-focused: Al, loT, robotics, real-world problem solving

e Portfolio-ready projects for competitions or presentations

Hardware & Software Requirements
Hardware:
e Arduino UNO, ESP32/NodeMCU
o Breadboard, jumper wires, resistors, LEDs (RGB), buttons, buzzers, potentiometers
o 7-segment/I°C LCD, optional OLED
¢ DC motors, servo motors, motor driver modules

e Sensors: ultrasonic, IR, LDR, temp/humidity, motion (PIR), camera, microphone,
accelerometer

Software/Platforms:

e Arduino IDE, Blynk, Arduino loT Cloud



e Teachable Machine, Edge Impulse, TinyML libraries

Learning Materials:

e Worksheets (circuit diagrams, code shippets)
e Quizzes & mini-challenges

e Project documentation templates

Age-Based Learning Path

Age Coverage Focus

12-13 yrs Stages 1-3 Circuits + basic robotics

14-15yrs Stages 1-4 Add loT connectivity + intermediate robotics

16 yrs Stages 1-5 Full Al/TinyML + capstone innovation

Learning Format & Assessment
e Live orrecorded online lessons
e Worksheets & quizzes after each module
e Mini-challenges at end of each stage
e Peer/group projects (higher stages)

e Portfolio building: circuits, code, videos, capstone

Final Outcomes

Students will be able to:
e Build & code functioning circuits
e Program Arduino/ESP32 (loops, conditionals, functions)
e Design autonomous robots using multiple sensors

e Create loT devices sending data to cloud/mobile



Train & deploy TinyML models on microcontrollers
Use UART, I°C, SPIl in real projects
Solve real-world challenges creatively

Maintain portfolio for STEM competitions & presentations



