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Introduction

Welcome to a journey through practical electronics and motion sensing. This book is designed for the Early Intermediate to Intermediate maker, someone who understands the basics of the Arduino IDE but is ready to bridge the gap toward building sophisticated, integrated systems.

The 11 Projects and 30 Iterative Versions 

This book is structured differently than most. Instead of providing 30 random projects, we focus on 11 Core Projects. Each core project begins with a baseline version (Version A) and evolves through multiple iterations. This "Iterative Method" mirrors real-world engineering: we build a stable foundation, then add sensors, logic, and complexity step-by-step. By the time you reach the final version of Project 11, you will have mastered the art of translating physical sensor data into real-time visual feedback, creating a sophisticated and fully functional system.

Built and Verified 

Every circuit diagram and line of code in this book has been physically built, wired, and tested. The project executions and Fritzing diagrams were meticulously handled by Evaan Gandhi, ensuring that the wiring is logical and the instructions are achievable. Whether you are a student, a hobbyist, or an educator, these projects provide a clear path from basic logic to sophisticated, sensor-driven systems.

What You Will Need 

To complete all 11 projects and their 30 versions, ensure you have the following hardware and software ready. We have strategically selected components that are standard for early-intermediate to intermediate makers, ensuring these projects are both accessible and achievable for everyone.


		Microcontrollers: Arduino Uno and Arduino Mega.

		Sensors: MPU6050 IMU, Ultrasonic Sensor (HC-SR04), PIR Motion Sensor, and a Tilt Switch.

		Displays & Inputs: LCD1602 (16x2), 1.8" TFT Color Display (ST7735), 4x4 Matrix Keypad, and an Analog Joystick Module.

		General Hardware: Active Buzzer, Passive Buzzer, Push Buttons, Full-size Breadboard, and a standard assortment of LEDs, resistors, and jumper wires.

		Software: The Arduino IDE is required to upload the programs. Ready-to-use C++ programs are provided for every project and version.



Note: A detailed component list and wiring purpose is provided at the beginning of every project.

 



	1 Core Project 1: Multi-Mode LED & Visual Feedback System



 

Project Overview 

This project serves as the foundation for intermediate systems integration. You will journey from basic digital input management to sophisticated analog control, transforming how a user interacts with hardware. By progressing through four distinct iterations, you will master the art of "State-Driven Design"—the ability to make a single microcontroller handle multiple, simultaneous tasks with precision.

 

What You Will Learn


		Robust Input Management: Move beyond simple buttons to implement professional-grade debouncing and multi-duration press detection (Short vs. Long press).

		Advanced State Machines: Learn to manage complex logic where the system remembers its current mode and transitions smoothly between different behaviors.

		Analog-to-Digital Integration: Master the "Analog Threshold Triggering" technique, where analog sensors serve as both virtual power switches and dynamic controllers.

		Sensory Mapping & PWM: Gain expertise in mapping raw sensor data into meaningful physical outputs, such as proportional LED brightness and frequency-scaled audio feedback.

		Non-Blocking Logic: Learn to use the millis() function to create responsive systems that update displays, blink lights, and check inputs simultaneously without freezing the program.



By the end of this project, you will have moved from "on/off" electronics to creating a fully integrated, responsive dashboard that provides real-time visual and audio feedback.

 



	1.1 Version A: Single-Button LED & Sound Control System



 


	1.1.1 Concept & Functional Goals



This project serves as a comprehensive introduction to single-input state management and debouncing—a necessary skill for reliable intermediate projects. A single button controls all outputs (LED, Buzzer, LCD) but uses two different types of presses (Short Press and Long Press) to cycle through three distinct operational states: OFF, ON, and BLINKING/PATTERN. This requires the system to measure the duration of the button press, significantly advancing beyond simple on/off logic.

Key Functional Goals:


		Accurately distinguish between a Short Press (momentary) and a Long Press (sustained).

		Use a state variable to manage the current mode of operation.

		Simultaneously control both audio (Buzzer) and visual (LED) outputs based on the current state.

		Provide clear, character-based feedback on the LCD for the currently active state.



 


	1.1.2 Hardware & Component List




		
				Component

				Quantity

				Purpose

				Key Libraries Used / Notes

		

		
				Arduino Uno

				1

				Microcontroller

				(None - Handled by IDE)

		

		
				Push Button

				1

				Single input for all state transitions (Short/Long Press detection).

				(None - Handled by standard digitalRead)

		

		
				LED

				1

				Primary visual feedback (ON, OFF, or Blinking).

				(None - Handled by standard digitalWrite)

		

		
				Active  Buzzer

				1

				Primary audio feedback (ON, OFF, or Pattern).

				(None - Handled by standard digitalWrite)

		

		
				LCD1602

				1

				Character display for real-time status (e.g., "LED ON").

				LiquidCrystal.h (Built-in)

		

		
				Resistor

				2

				220Ω (1 for LED, 1 for LCD)

				N/A

		

		
				Resistor

				1

				10kΩ for Button

				 

		

		
				10KΩ Potentiometer

				1

				For LCD Contrast Adjustment V0 Pin

				N/A

		

		
				Connecting Wires

				Varies

				For breadboard connections.

				N/A

		

	

 


	1.1.3 Circuit Diagrams and Physical Layout



Schematic Diagram

[image: CP1VA_F_schem.png]

 

Breadboard Wiring Diagram

[image: CP1VA_F_bb.png]


	1.1.4 Logic Explanation & State Management



The core of this project is a State Machine managed by a single integer variable, combined with a timer for press duration. The system cycles through three primary states based on the button input:

State 0: OFF/IDLE


		LED is OFF.

		Buzzer is silent (digitalWrite(buzzerPin, LOW)).

		LCD displays: SYSTEM OFF.



State 1: ON/STEADY


		Trigger: Short Press from State 0 or Short Press from State 2.. 

		LED is steady HIGH.

		Buzzer is steady HIGH (Active Buzzer output).

		LCD displays: LED & BUZZER ON.



State 2: BLINKING/PATTERN


		Trigger: Long Press (e.g., > 1000ms) from State 1.

		LED blinks with 250ms pattern.

		Buzzer follows the LED blink pattern (digitalWrite() HIGH/LOW) 

		LCD displays: LED BLINKING. Short Press returns the user to State 1.



 


	1.1.5 Full Arduino Code C++



#include <LiquidCrystal.h> 

 

// --- Pin Definitions ---

const int buttonPin = 2; 

const int ledPin = 11; 

const int buzzerPin = 12; 

 

// --- LCD Initialization ---

// LCD Pin to Arduino Pin Mapping:

// LiquidCrystal(RS, E, D4, D5, D6, D7)

// Connections: RS(D7), E(D10), D4(D5), D5(D4), D6(D3), D7(D6)

LiquidCrystal lcd(7, 10, 5, 4, 3, 6); 

 

// --- State Variables ---

int systemState = 0;           // 0=OFF, 1=ON, 2=BLINK/PATTERN

int lastSystemState = 0; 

// Tracks the clean, stable state of the button, essential for debouncing

int stableButtonState = HIGH; 

 

// --- Button Timing Variables ---

long buttonPressStartTime = 0;

const long longPressThreshold = 1000; // 1 second threshold

int lastDebouncePinState = HIGH;

unsigned long lastDebounceTime = 0;

const long debounceDelay = 50;        // 50ms standard debounce time

 

// --- Timing Variables for Non-Blocking Functions ---

unsigned long lastBlinkToggleTime = 0;

const long blinkInterval = 250; 

 

// -------------------------------------------------------------------

// SETUP

// -------------------------------------------------------------------

 

void setup() {

  // Use internal pull-up for the button pin

  pinMode(buttonPin, INPUT_PULLUP); 

  pinMode(ledPin, OUTPUT);

  pinMode(buzzerPin, OUTPUT);

  

  // Initialize LCD and display startup message

  lcd.begin(16, 2);

  lcd.print("System Initialized"); 

  delay(1500); // Wait for the user to adjust contrast

}

 

// -------------------------------------------------------------------

// MAIN LOOP

// -------------------------------------------------------------------

 

void loop() {

  // Non-blocking functions keep the system responsive

  handleButtonInput();

  updateOutputs();

  updateDisplay();

}

 

// -------------------------------------------------------------------

// INPUT HANDLING FUNCTION (Robust Debounce & Edge Detection)

// -------------------------------------------------------------------

 

void handleButtonInput() {

  int reading = digitalRead(buttonPin);

 

  // 1. Reset Debounce Timer if RAW input changes

  if (reading != lastDebouncePinState) {

    lastDebounceTime = millis();

  }

 

  // 2. Check if the Debounce Period has passed (stable state)

  if ((millis() - lastDebounceTime) > debounceDelay) {

    

    // 3. Check for a Stable Change (the actual press/release event)

    if (reading != stableButtonState) {

      stableButtonState = reading; // Update the clean state

 

      // --- PRESS EVENT (HIGH to LOW) ---

      if (stableButtonState == LOW) {

        buttonPressStartTime = millis(); 

      } 

      // --- RELEASE EVENT (LOW to HIGH) ---

      else { 

        long pressDuration = millis() - buttonPressStartTime;

        if (pressDuration < longPressThreshold) {

          // --- SHORT PRESS LOGIC: State 0->1, State 1->0, State 2->1 ---

          if (systemState == 0 || systemState == 2) {

            systemState = 1; 

          } else if (systemState == 1) {

            systemState = 0; 

          }

        } else {

          // --- LONG PRESS LOGIC: State 1->2 ---

          if (systemState == 1) {

            systemState = 2; 

          }

        }

      }

    }

  }

  

  // 4. Update the raw tracking state 

  lastDebouncePinState = reading; 

}

 

// -------------------------------------------------------------------

// OUTPUT CONTROL FUNCTION (Based on State)

// -------------------------------------------------------------------

 

void updateOutputs() {

  switch (systemState) {

    case 0: // OFF/IDLE State

      digitalWrite(ledPin, LOW);

      digitalWrite(buzzerPin, LOW); 

      break;

    case 1: // ON/STEADY State

      digitalWrite(ledPin, HIGH);

      digitalWrite(buzzerPin, HIGH); 

      break;

 

    case 2: // BLINKING/PATTERN State

      handleBlinkAndPattern();

      break;

  }

}

 

// -------------------------------------------------------------------

// NON-BLOCKING BLINK AND PATTERN HANDLER (Used in State 2)

// -------------------------------------------------------------------

 

void handleBlinkAndPattern() {

  if (millis() - lastBlinkToggleTime >= blinkInterval) {

    lastBlinkToggleTime = millis(); 

    

    // 1. LED Toggle

    if (digitalRead(ledPin) == HIGH) {

      digitalWrite(ledPin, LOW);

    } else {

      digitalWrite(ledPin, HIGH);

    }

 

    // 2. Buzzer Pattern Toggle (Active Buzzer follows the LED)

    if (digitalRead(ledPin) == HIGH) {

      digitalWrite(buzzerPin, HIGH); 

    } else {

      digitalWrite(buzzerPin, LOW);

    }

  }

}

 

// -------------------------------------------------------------------

// DISPLAY UPDATE FUNCTION

// -------------------------------------------------------------------

 

void updateDisplay() {

  // Only update the LCD if the system state has changed

  if (systemState != lastSystemState) {

    lcd.clear();

    lcd.setCursor(0, 0); 

 

    switch (systemState) {

      case 0:

        lcd.print("SYSTEM OFF");

        lcd.setCursor(0, 1);

        lcd.print("Ready to Start");

        break;

      case 1:

        lcd.print("LED & BUZZER ON");

        lcd.setCursor(0, 1);

        lcd.print("Long Press for Blink");

        break;

      case 2:

        lcd.print("LED BLINKING");

        lcd.setCursor(0, 1);

        lcd.print("Buzzer Pattern Active");

        break;

    }

    lastSystemState = systemState; 

  }

}

 


	1.1.6 Key Code Analysis & Extensions



Key Code Analysis

A. Button Duration Logic

The key challenge is measuring the duration of a stable button press. This logic is handled robustly within the handleButtonInput() function, eliminating the need for simple checks that are prone to bounce errors. We use millis() to record the time the button was first pressed down (buttonPressStartTime) and calculate the duration (pressDuration) when a stable release is detected.

// --- Logic executed only when a stable release (LOW -> HIGH) is detected ---

else {

    long pressDuration = millis() - buttonPressStartTime;

 

    // Short Press: less than 1000ms

    if (pressDuration < longPressThreshold) { 

        // Logic for Short Press (State 0->1 or State 2->1)

    } 

    // Long Press: greater than or equal to 1000ms

    else { 

        // Logic for Long Press (State 1->2)

    }

}

B. Non-Blocking Blinking (For State 2)

To allow the system to continuously check the button state and update the LCD while the LED is blinking, the delay() function cannot be used. Instead, we use a simple timer check:

void handleBlinkAndPattern() {

    // Checks if 250ms (blinkInterval) has passed

    if (millis() - lastBlinkToggleTime >= blinkInterval) {

        

        // Toggle the LED state

        // Play the next step in the buzzer pattern

 

        lastBlinkToggleTime = millis();

    }

}

Extension Idea

A. Modify the long-press duration to activate a third pattern 

(e.g., a "Triple Press" for a fourth state)

This extension introduces a second time threshold in your button release logic.

Logic: You would check the pressDuration against your existing longPressThreshold (1000ms) and a new superLongPressThreshold (e.g., 3000ms).

Code Change: The else block in handleButtonInput() must be split: If 1000ms is less than or equal to duration and duration is less than 3000ms: Transition to State 2 (Blinking). If duration is greater than or equal to 3000ms: Transition to State 3 (New Pattern).

Result: The user now has a three-way button input: Short Press, Long Press, and Super-Long Press.

B. Use the potentiometer to adjust the blink speed in State 2

This extension makes the blinkInterval dynamic instead of fixed at 250ms.

Hardware Note: This requires using an analog pin (e.g., A0) for a dedicated speed-control potentiometer, as the main one is already used for LCD contrast (V0).

Logic: The system continuously reads the analog value (0 to 1023).

Code Change: Inside the handleBlinkAndPattern() function, the analogRead() value is converted using the map() function to set the blinkInterval. For example, map(0, 1023, 50, 1000) would change the blink interval from a quick 50ms to a slow 1000ms, based on the knob's position.

Result: The user can instantly and manually change the speed of the LED and Buzzer pattern while in State 2

 


	1.1.7 Project Execution and Validation



This section provides photograph of the final, built circuit, allowing you to visually validate your wiring against a successfully executed project.

[image: CP1VA_PE_F_300DPI_2.jpg]

 



	1.2 Version B: Dual-Button Independent LED & Sound Control



 


	1.2.1 Concept & Functional Goals



This project advances system control from a single monolithic input (Version A) to two independent inputs. The core challenge shifts from complex single-button state sequencing to managing two simultaneous, decoupled state machines. One button (B1) controls the LED and its operational modes, while the second button (B2) controls the Buzzer and its patterns. Both buttons utilize the same advanced Short Press and Long Press detection learned in Version A.

Key Functional Goals:


		Independent State Control: Implement two separate state variables to track the mode of the Visual System (LED) and the Audio System (Buzzer) independently.

		Input Scaling: Successfully handle inputs from two distinct buttons, each capable of triggering two types of events (Short and Long Press).

		Maintain Debouncing: Apply reliable debouncing and duration detection to both input buttons simultaneously without blocking the main loop.

		Comprehensive Feedback: Update the LCD to display the status of both the LED and the Buzzer simultaneously (e.g., LED ON, Buzzer BLINKING).



 


	1.2.2 Hardware & Component List




		
				Component

				Quantity

				Purpose in this Version

				Key Libraries Used

		

		
				Arduino Uno

				1

				Microcontroller

				(None - Handled by IDE)

		

		
				Push Button

				2

				One for LED control, one for Buzzer control. Requires external 10kΩ pull-down resistors.

				(None - Handled by standard digitalRead)

		

		
				LED

				1

				Primary visual feedback (ON, OFF, or Blinking).

				(None - Handled by standard digitalWrite)

		

		
				Passive Buzzer

				1

				Primary audio feedback (ON, OFF, or Pattern).

				tone() function (built-in)

		

		
				LCD 16x02 (Parallel)

				1

				Character display for real-time status of two systems.

				LiquidCrystal.h

		

		
				Resistor

				3

				Two 10kΩ for button pull-down, one 220Ω for the LED.

				N/A

		

		
				Connecting Wires

				Varies

				For breadboard connections.

				N/A

		

	

 


	1.2.3 Circuit Diagrams and Physical Layout



Schematic Diagram

[image: CP1VB_F_schem.png]

 

Breadboard Wiring Diagram

[image: CP1VB_F_bb.png]


	1.2.4 Logic Explanation & State Management



The core of this project employs two independent State Machines, each controlled by its dedicated button, B1 and B2.


		
				System

				Control Input

				State Variable

				State 0 (OFF)

				State 1 (ON/STEADY)

				State 2 (PATTERN/BLINK)

		

		
				Visual (LED)

				Button 1 (B1)

				ledState

				LED OFF

				Short Press → LED ON

				Long Press → LED BLINKING

		

		
				Audio (Buzzer)

				Button 2 (B2)

				buzzerState

				Buzzer silent

				Short Press → Steady Tone

				Long Press → Tone Pattern

		

	

 

State Cycle Logic (Identical for both systems):

OFF (0): Short Press cycles to ON (1).

ON (1): Long Press cycles to PATTERN (2).

PATTERN (2): Short Press cycles back to OFF (0).

The updateOutputs() and updateDisplay() functions will now read both ledState and buzzerState to determine the overall system output and feedback.

 


	1.2.5 Full Arduino Code C++



#include <LiquidCrystal.h> 

 

// ---------------- PIN DEFINITIONS ----------------

 

// Buttons (external 10kΩ pull-down → GND, button to +5V)

const int ledButtonPin  = 2;

const int buzzButtonPin = 3;

 

// Outputs

const int ledPin    = 9;

const int buzzerPin = 8;

 

// LCD: RS, E, D4, D5, D6, D7

LiquidCrystal lcd(12, 11, 5, 4, 7, 6);

 

// ---------------- STATE VARIABLES ----------------

 

// 0 = OFF, 1 = ON, 2 = PATTERN

int ledState = 0;

int buzzerState = 0;

 

int lastLedState = -1;

int lastBuzzerState = -1;

 

// ---------------- TIMING CONSTANTS ----------------

 

const unsigned long debounceDelay = 50;

const unsigned long longPressThreshold = 1000;

const unsigned long ledBlinkInterval = 250;

 

// ---------------- BUTTON TRACKING ----------------

 

// LED button

int ledStableState = LOW;

int ledLastReading = LOW;

unsigned long ledDebounceTime = 0;

unsigned long ledPressStart = 0;

 

// Buzzer button

int buzzStableState = LOW;

int buzzLastReading = LOW;

unsigned long buzzDebounceTime = 0;

unsigned long buzzPressStart = 0;

 

// ---------------- BLINK TIMING ----------------

 

unsigned long lastBlinkToggleTime = 0;

 

// ------------------------------------------------

// SETUP

// ------------------------------------------------

 

void setup() {

  pinMode(ledButtonPin, INPUT);

  pinMode(buzzButtonPin, INPUT);

 

  pinMode(ledPin, OUTPUT);

  pinMode(buzzerPin, OUTPUT);

 

  lcd.begin(16, 2);

  lcd.print("CP1VB: Dual-Mode");

  lcd.setCursor(0, 1);

  lcd.print("Pull-Down Ready");

 

  delay(1500);

}

 

// ------------------------------------------------

// MAIN LOOP

// ------------------------------------------------

 

void loop() {

  handleButton(

    ledButtonPin,

    &ledLastReading,

    &ledStableState,

    &ledDebounceTime,

    &ledPressStart,

    &ledState

  );

 

  handleButton(

    buzzButtonPin,

    &buzzLastReading,

    &buzzStableState,

    &buzzDebounceTime,

    &buzzPressStart,

    &buzzerState

  );

 

  updateOutputs();

  updateDisplay();

}

 

// ------------------------------------------------

// BUTTON HANDLER (EXTERNAL PULL-DOWN)

// ------------------------------------------------

 

void handleButton(

  int pin,

  int *lastReading,

  int *stableState,

  unsigned long *debounceTime,

  unsigned long *pressStart,

  int *state

) {

 

  int reading = digitalRead(pin);

 

  if (reading != *lastReading) {

    *debounceTime = millis();

  }

 

  if (millis() - *debounceTime > debounceDelay) {

 

    if (reading != *stableState) {

      *stableState = reading;

 

      // Press detected (LOW → HIGH)

      if (*stableState == HIGH) {

        *pressStart = millis();

      }

      // Release detected (HIGH → LOW)

      else {

        unsigned long pressDuration = millis() - *pressStart;

 

        if (pressDuration < longPressThreshold) {

          if (*state == 0) *state = 1;

          else if (*state == 1 || *state == 2) *state = 0;

        } else {

          if (*state == 1) *state = 2;

        }

      }

    }

  }

 

  *lastReading = reading;

}

 

// ------------------------------------------------

// OUTPUT CONTROL

// ------------------------------------------------

 

void updateOutputs() {

  // LED

  if (ledState == 0) digitalWrite(ledPin, LOW);

  else if (ledState == 1) digitalWrite(ledPin, HIGH);

  else handleLedBlink();

 

  // Buzzer

  if (buzzerState == 0) noTone(buzzerPin);

  else if (buzzerState == 1) tone(buzzerPin, 1000);

  else handleBuzzerPattern();

}

 

// ------------------------------------------------

// LED BLINK HANDLER

// ------------------------------------------------

 

void handleLedBlink() {

  if (millis() - lastBlinkToggleTime >= ledBlinkInterval) {

    lastBlinkToggleTime = millis();

    digitalWrite(ledPin, !digitalRead(ledPin));

  }

}

 

// ------------------------------------------------

// BUZZER PATTERN

// ------------------------------------------------

 

void handleBuzzerPattern() {

  static unsigned long lastBuzzTime = 0;

  static bool buzzOn = false;

 

  if (millis() - lastBuzzTime >= 120) {

    lastBuzzTime = millis();

    buzzOn = !buzzOn;

 

    if (buzzOn) tone(buzzerPin, 2000, 50);

    else noTone(buzzerPin);

  }

}

 

// ------------------------------------------------

// LCD UPDATE

// ------------------------------------------------

 

void updateDisplay() {

  if (ledState != lastLedState || buzzerState != lastBuzzerState) {

    lcd.clear();

    lcd.setCursor(0, 0);

    lcd.print("LED:");

    lcd.print(ledState == 0 ? " OFF   " :

              ledState == 1 ? " ON    " : " BLINK");

 

    lcd.setCursor(0, 1);

    lcd.print("BUZZ:");

    lcd.print(buzzerState == 0 ? " SILENT" :

              buzzerState == 1 ? " TONE  " : " PATTERN");

 

    lastLedState = ledState;

    lastBuzzerState = buzzerState;

  }

}

 


	1.2.6 Key Code Analysis & Extensions



Key Code Analysis

A. Generic Button Duration Logic with Pointers

The code features a highly efficient and reusable handleButton() function. The key innovation is using pointers to manage the state and timing variables of two independent buttons (LED and Buzzer) with a single function. This ensures that the robust debouncing and duration logic is applied uniformly across both inputs without duplicating code.

The core logic for distinguishing between a Short Press and a Long Press occurs upon a stable button release (HIGH → LOW for an external pull-down setup):

  // ---------------- Logic executed only on a stable release (HIGH -> LOW) ----------------

  else {

    unsigned long pressDuration = millis() - *pressStart;

    if (pressDuration < longPressThreshold) {

      // Short Press: less than 1000ms

      if (*state == 0) *state = 1;              // OFF (0) -> ON (1)

      else if (*state == 1 || *state == 2) *state = 0; // ON/PATTERN -> OFF (0)

    } 

    else {

      // Long Press: 1000ms or longer

      if (*state == 1) *state = 2;              // ON (1) -> PATTERN (2)

    }

  }

 

B. Decoupled Non-Blocking Pattern Handlers

To allow for simultaneous button checking, LCD updates, and background output functions (blinking/patterns), the code uses two separate, non-blocking handlers for the complex states (State 2). This relies on the millis() function to manage time.

Blink Handler (handleLedBlink)

This function toggles the LED state only when the ledBlinkInterval (250ms) has passed since the last change, ensuring the CPU is free for other tasks in between toggles.

  void handleLedBlink() {

    if (millis() - lastBlinkToggleTime >= ledBlinkInterval) {

      lastBlinkToggleTime = millis();

      digitalWrite(ledPin, !digitalRead(ledPin)); // Toggle

    }

  }

C. Buzzer Pattern Handler (handleBuzzerPattern)

This function uses a similar timing approach but also employs a static boolean variable (buzzOn) to manage a two-step pattern (a short tone followed by a short silence), giving the audio feedback a unique signature.

void handleBuzzerPattern() {

    static unsigned long lastBuzzTime = 0;

    static bool buzzOn = false;

 

    if (millis() - lastBuzzTime >= 120) { // Cycle repeats every 120ms

      lastBuzzTime = millis();

      buzzOn = !buzzOn;

 

      if (buzzOn) tone(buzzerPin, 2000, 50); // Play 2kHz tone for 50ms

      else noTone(buzzerPin);

    }

}

 

Extension Idea

The current state machine only uses the short press from State 1 (ON) to cycle back to State 0 (OFF). An excellent extension is to add a separate and dedicated "System Reset" feature for each system, independent of the short/long press sequence.

Two-Press (Double-Tap) Reset

Modify the button logic to detect two quick presses (e.g



		Adding counter/timing variables to track consecutive presses in handleButton.

		Prioritizing the double-tap detection within the stable release logic to execute a reset before the normal state transition (e.g., 0 → 1) takes place.





	1.2.7 Project Execution and Validation
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