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Designing an embedded system for a chocolate vending machine involves
multiple steps, including understanding hardware components, defining system
requirements, and developing the firmware that controls the entire operation.
The PIC microcontroller, renowned for its robustness, ease of use, and
extensive support, is an ideal choice for such a project. In this article, we
will explore how to write embedded C code to develop a functional chocolate
vending machine using PIC microcontrollers. We will cover hardware
considerations, software architecture, and detailed programming techniques to
ensure a reliable, user-friendly vending system.

Understanding the Hardware Components of a
Chocolate Vending Machine

Before diving into the programming details, it is crucial to understand the
hardware components involved in a typical chocolate vending machine.

Key Hardware Components

e PIC Microcontroller: Serves as the central processing unit managing all
operations.

e Display Module: Usually an LCD or 7-segment display to show status,
instructions, and selection options.

e Keypad/Buttons: For user input, including coin insertion, selection, and
cancellation.

e Coin/Note Sensors: Detect inserted coins or notes to process payments.
e Motor/Stepper Motor: To dispense chocolates from the selected slot.

e Servo Motor: Optional, used for precise control of dispensing
mechanisms.

e Relay Modules: Control power to motors or heating elements if needed.



e Power Supply: Provides appropriate voltage and current to the system
components.

e Sensors: To detect if chocolates are available in the slot, or to
confirm successful dispensing.

Hardware Connections Overview

- Connect the LCD or display to specific PIC I/0 pins for data and control
lines.

- Interface keypad buttons with PIC I/0 pins configured as inputs.

- Connect coin sensors and other sensors to input pins with pull-up or pull-
down resistors.

- Drive motors or relays with PIC output pins through driver circuits like
transistors or drivers.

- Power the entire circuit with a regulated power supply suitable for the PIC
microcontroller and peripherals.

System Requirements and Functional
Specifications

A chocolate vending machine should perform several key functions reliably:

Core Functionalities

1. Accept coins or notes as payment.

2. Display instructions and status messages to the user.

3. Allow the user to select a chocolate type from available options.
4. Verify the payment amount against the selected chocolate price.

5. Activate the dispensing mechanism upon successful payment.

6. Detect successful dispensing or any errors (e.g., jam, empty slot).
7. Return change if applicable.

8. Provide reset and maintenance options for operators.



Additional Considerations

- Security features to prevent fraud or theft.

- Error handling routines for hardware malfunctions.

- User-friendly interface with clear prompts and feedback.
- Power management and safety protocols.

Basic Software Architecture and Flowchart

Designing an embedded C program involves defining the main control loop,
interrupt routines, and sub-functions for specific tasks.

High-Level Program Flow

- Initialize hardware components and peripherals.
- Display welcome message and instructions.

- Wait for user input (coin insertion, selection).
- Validate payment against selected item.

- If payment is sufficient, activate dispenser.

- Confirm dispensing and update inventory.

- Return change if necessary.

- Reset system for next user.

Flowchart Overview
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Sample Embedded C Code for Chocolate Vending
Machine

The following is a simplified example illustrating the core logic. For a real
system, additional features like debouncing, error handling, and hardware-



specific configurations should be added.

Header Files and Definitions

e
include
include

define XTAL FREQ 8000000 // 8 MHz crystal oscillator

// Define pins connected to display, keypad, sensors, motors
define LED PORT PORTC
define LED TRIS TRISC

define DISPENSER PIN LATBbits.LATBO
define COIN_SENSOR PINCbits.RCO

define SELECT BUTTON PINCbits.RC1l
define CANCEL BUTTON PINCbits.RC2

// ... add other definitions as needed

// Price of each chocolate (in cents)
define CHOCOLATE PRICE 50

// Variables
volatile uintl6 t total inserted = 0;
uint8 t selected item = 0;

Initialization Function

e
void init system(void) {
// Configure oscillator
OSCCON = 0x70; // 8 MHz internal oscillator

// Configure I/0 pins

TRISCbits.TRISCO = 1; // COIN_SENSOR as input
TRISCbits.TRISC1 = 1; // SELECT BUTTON as input
TRISCbits.TRISC2 = 1; // CANCEL BUTTON as input

TRISBbits.TRISBO = 0; // DISPENSER PIN as output
// Initialize other pins as needed

// Initialize display (if any), sensors, and motors
// e.g., setup LCD, UART, ADC if required

// Initialize variables
total inserted = 0;
selected item = 0;



Function to Detect Coin Insertion

e
void check coin(void) {
if (COIN SENSOR == 1) { // Assuming high signal when coin inserted

total inserted += 25; // Assuming each coin is 25 cents
__delay ms(200); // Debounce delay

}

}

Function to Handle User Selection

e
void handle selection(void) {
if (SELECT BUTTON == 0) { // Button pressed

selected item = 1; // For simplicity, assume only one chocolate type
// Extend for multiple options
~_delay ms(200); // Debounce

}
.

Function to Dispense Chocolate

C
void dispense chocolate(void) {
// Activate motor or servo
DISPENSER PIN = 1; // Turn ON
~_delay ms(500); // Dispense duration
DISPENSER PIN = 0; // Turn OFF
¥

Main Control Loop

C
void main(void) {
init system();
while(1l) {
check coin(); // Check for coin insertion
handle_selection(); // Check for selection

if (selected item != 0) {



if (total inserted >= CHOCOLATE PRICE) {
dispense chocolate();

uintle t change = total inserted - CHOCOLATE PRICE;
// Implement change return if hardware permits
// Reset for next customer

total inserted = 0;

selected item = 0;

// Update display to show success

} else {

// Prompt user to insert more coins

// Update display accordingly

}

}

// Additional error checks or timeout handling
__delay ms(100);

}
b

Implementing User Interface and Feedback

Effective user communication enhances the customer experience. Use LCD
displays or LEDs to indicate statuses.

Display Messages and Indicators

- Welcome message on startup.

- Prompt to insert coins.

- Show current inserted amount.

- Indicate selection made.

- Confirm dispensing.

- Error messages for jams or insufficient funds.

Sample Display Code Snippet

C
void update display(const char message) {
// Assuming an LCD library is used
lcd clear();
lcd print(message);

AN



Handling Errors and System Safety

Robust systems anticipate failures and provide safe operation.

Error Handling Strategies

- Detect jammed motors and stop operation.

- Use sensors to verify chocolate availability.
- Implement timeout for user inactivity.

- Provide maintenance modes for troubleshooting.

Security and Safety Considerations

- Secure coin acceptance to prevent fraud.
- Isolate high-voltage components.

- Use protective enclosures.

- Incorporate emergency stop buttons.

Conclusion

Developing an embedded C program for a chocolate vending machine using a PIC
microcontroller involves a comprehensive understanding of hardware
integration, software architecture, and user interface design. The core logic
revolves around managing coin input, item selection, payment validation, and
motor control for dispensing chocolates. By carefully planning

Frequently Asked Questions

What are the key components required to develop an
embedded C program for a chocolate vending machine
using PIC microcontroller?

The key components include the PIC microcontroller (such as PIC16F877A),
input devices like push buttons or keypad, output devices like LCD display
and motors or servos for dispensing chocolates, sensors for detecting product
availability, and power supply. Additionally, necessary programming tools and
software like MPLAB X IDE and XC8 compiler are essential for development.

How can I implement the selection and dispensing
process in embedded C for a PIC-based chocolate



vending machine?

You can implement the selection process by reading user input from buttons or
keypad, then mapping each input to a specific chocolate type. Once a
selection is made, the program activates the motor or servo to dispense the
chocolate, updates the display, and deducts the stock count. Proper use of
interrupts or polling can ensure responsive operation.

What are the common challenges faced while
programming a chocolate vending machine with PIC
microcontroller, and how to overcome them?

Common challenges include handling concurrency between user input and
dispensing operations, managing power consumption, and ensuring reliable
sensor readings. These can be overcome by implementing proper debouncing,
using interrupts for real-time responsiveness, and incorporating error
handling routines to manage sensor faults or out-of-stock conditions.

Can you provide a sample embedded C code snippet for
initializing the LCD display in a PIC
microcontroller for a vending machine?

Certainly! Here's a basic example:

C
// Initialize LCD
void LCD Init() {
// Set data and control pins as outputs
TRISCbits.TRISCO = 0; // RS
TRISCbits.TRISC1 = 0; // RW
TRISCbits.TRISC2 = 0; // E
TRISD = 0x00; // Data port
// Initialization sequence
__delay ms(20);
LCD_Command (0x38
LCD_Command (0x0C
LCD_Command (0x06
LCD Command (0x01
__delay ms(2);
}

; // Function set
; // Display ON

; // Entry mode

; // Clear display
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This initializes the LCD for further use in your vending machine program.

How do I ensure the safety and reliability of the
embedded C program for a chocolate vending machine



using PIC microcontroller?

To ensure safety and reliability, implement thorough input validation,
include error detection and handling routines, use watchdog timers to reset
the system in case of malfunctions, and perform extensive testing under
various scenarios. Additionally, keep the firmware updated and incorporate
fail-safe mechanisms to prevent accidental dispensing or system crashes.

Additional Resources

Write The Embedded C Programming For Chocolate Vending Machine With The Help
Of PIC Microcontroller

Designing a chocolate vending machine using a PIC microcontroller is an
engaging project that combines embedded systems programming, hardware
interfacing, and user experience design. Embedded C programming plays a
crucial role in controlling hardware components, managing user inputs, and
ensuring reliable operation. This comprehensive review explores the entire
process, from hardware architecture to detailed embedded C coding, providing
a thorough understanding for developers interested in building such systems.

Understanding the Chocolate Vending Machine
System

Before diving into the programming aspects, it’s essential to understand the
core components and operations of a chocolate vending machine.

Basic Components

- PIC Microcontroller: Serves as the brain of the system, processing inputs
and controlling outputs.

- Display Module: Typically an LCD or 7-segment display to show instructions,
prices, and status.

- Keypad or Button Inputs: For user interaction, such as selecting chocolates
or entering money.

- Coin/Note Acceptors: Hardware to accept and validate currency.

- Motorized Dispensers/Servo Motors: To release the selected chocolate.

- Sensors: For detecting chocolate availability, door open/close, or coin
insertion.

- Power Supply: To supply consistent power to all electronic components.



Operational Workflow

1. User inserts coins or notes.

2. The system validates the currency.

3. User selects a chocolate using keypad or buttons.

4. The system checks if the selected chocolate is available and if the
inserted amount suffices.

5. If valid, the motor/servo activates to dispense chocolate.

6. Change is returned if necessary.

7. System resets for the next transaction.

Hardware Interfacing with PIC Microcontroller

Proper hardware interfacing is the foundation of embedded programming. It
involves connecting the PIC microcontroller to all peripherals and
configuring them correctly.

Connecting User Inputs

- Keypad/Buttons: Usually connected via GPIO pins in a matrix configuration
to minimize pin usage. Use pull-up or pull-down resistors as needed.
- Coin/Note Sensors: Digital input pins to detect coin insertion signals.

Displaying Information

- LCD (e.g., 16x2 LCD): Connected via parallel interface (4-bit or 8-bit
mode) . Requires control pins (RS, RW, EN) and data pins.

- 7-Segment Displays: Controlled via GPIO pins, possibly using shift
registers for multiple digits.

Controlling Motors and Servos

- Use PWM signals generated by the PIC’'s CCP modules for servo control.
- For DC motors, transistor or motor driver circuits are used, controlled
through GPIO pins.

Power Management

- Ensure the power supply provides adequate voltage and current.
- Use voltage regulators if necessary.
- Include protection circuits like diodes for motors.



Embedded C Programming: Core Concepts

Embedded C programming for a vending machine encompasses several key areas:
- Initialization routines

- Input handling

- State management

- Output control

- Error handling

- User interface updates

Let's explore each aspect in detail.

1. Initialization Routines

Set up the microcontroller’s I/0 pins, peripherals, and communication
interfaces.

e
void system init() {

// Configure GPIO pins for keypad
keypad init();

// Configure GPIO for LCD
led init();

// Configure GPIO for motor control
motor init();

// Configure ADC if using analog sensors
adc_init();

// Initialize timers for delays or PWM
timer _init();

// Initialize serial communication if needed
uart init();

// Display welcome message

lcd display("Chocolate Vending");
delay ms(2000);

}

2. Handling User Inputs

Detect keypad presses or button inputs, and process accordingly.

e



char get user selection() {
char selection;

while(1l) {

selection = keypad scan();
if(selection '= NO KEY) {
break;

}

}

return selection;

AN

For coin validation, read sensors or signals:

e
int coin inserted() {
return digitalRead (COIN_SENSOR PIN);

AN

3. Managing States and Logic

Implement a state machine to control the flow:

- WAITING FOR COIN

- WAITING FOR SELECTION
- DISPENSING

- RETURNING CHANGE

- ERROR

Example:

C
typedef enum {
STATE_IDLE,
STATE WAIT COIN,
STATE WAIT SELECTION,
STATE DISPENSE,
STATE_RETURN_CHANGE,
STATE_ERROR
} vending state t;

vending state t current state = STATE IDLE;

Transition between states based on input and conditions.



4. Motor and Dispenser Control

Control servo motors or DC motors via PWM:

C
void dispense chocolate() {
// Activate servo to release chocolate
servo_set angle(90);
delay ms(1000);
servo set angle(0);

AN

For DC motors:

C
void activate motor() {
digitalWrite(MOTOR PIN, HIGH);
delay ms(DISPENSE TIME);
digitalWrite(MOTOR PIN, LOW);
}

5. Display Updates and User Feedback

Use LCD functions to inform the user:

e
void show message(const char message) {
lcd clear();

lcd print(message);

AN

Update the display after each significant event, such as "Insert Coins",
"Select Chocolate", or "Thank You".

6. Error and Exception Handling

Detect and handle issues like insufficient funds, out-of-stock chocolates, or
hardware faults:

C
void handle error(const char error _msg) A{
lcd clear();
lcd print(error _msg);
delay ms(3000);
reset system();

}



Sample Embedded C Code Structure for Chocolate
Vending Machine

Below is a simplified skeleton code structure illustrating the core logic:

e
include

include "lcd.h"
include "servo.h"
include "keypad.h"
include "motors.h"

void main() {
system init();

unsigned int inserted amount = 0;
int selected chocolate = -1;

while(1l) {

switch(current state) {

case STATE IDLE:

show message("Insert Coins");
current state = STATE WAIT COIN;
break;

case STATE WAIT COIN:
if(coin_inserted()) A

inserted amount += get coin value();
lcd print("Amount: ");

lcd print _int(inserted amount);

}

if(user _ready to proceed()) {

current state = STATE WAIT SELECTION,;
}

break;

case STATE WAIT SELECTION:

show message("Select Chocolate");

selected chocolate = get user selection();

if(validate selection(selected chocolate, inserted amount)) {
current state = STATE DISPENSE;

} else {

handle error("Invalid Selection");

current _state = STATE IDLE;



}

break;

case STATE DISPENSE:

dispense chocolate(selected chocolate);
deduct amount(selected chocolate price);
if(change due()) {

return_change();

}

show message("Thank You");

delay ms(2000);

reset transaction();

current state = STATE IDLE;

break;

// Additional states for error handling, change return, etc.
}
}
}

This skeleton demonstrates how to organize the program flow, but real
implementation requires detailed functions for each hardware component.

Best Practices in Embedded C Programming for
Vending Machines

- Modular Design: Break code into modules/functions for hardware interfacing,
logic, UI, and error handling.

- Debouncing Inputs: Ensure button presses are debounced to prevent false
triggers.

- Efficient Use of GPIOs: Use matrix keypads and shift registers to conserve
pins.

- Interrupts: Use interrupts for real-time events like coin detection or
emergency stop.

- Power Saving: Implement sleep modes if applicable to reduce power
consumption.

- Robust Error Handling: Prepare for hardware faults, sensor failures, or
communication issues.

- Testing and Validation: Rigorously test each module independently before
integration.



Conclusion

Developing embedded C programs for a chocolate vending machine using a PIC
microcontroller involves a combination of hardware understanding, software
design, and user interface considerations. The core approach revolves around
initializing peripherals, handling user inputs, controlling hardware outputs,
and maintaining a reliable state machine. The real challenge and satisfaction
lie in creating a seamless, user-friendly experience while ensuring hardware
safety and operational robustness.

By following best practices and structuring code effectively, engineers can
build efficient, scalable, and maintainable vending systems that can be
customized for various products beyond chocolates. The embedded C
programming, when used judiciously with a clear understanding of hardware
capabilities, opens the door to innovative automation and control solutions
in vending machines and similar embedded systems.

Note: For real-world applications, always consider safety standards, hardware
datasheets, and testing protocols. Properly document your code and hardware
connections for future maintenance and upgrades.

Write The Embedded C Programming For Chocolate Vending
Machine With The Help Of Pic Microcontroller

Write The Embedded C Programming For Chocolate Vending Machine With The Help Of Pic
Microcontroller

Related Articles

e 4.12 1.AB: Air-traffic Control
PlaneQueue Class

¢ ) A Wire Made Of Copper (density 8.5 G/cm') Is Shaped Like A Helix That Spirals Along The R-
axis From

e When You Board A Ferris Wheel Your Feet Are 1 Foot Off The Ground. At The Highest Point Of
The Ride

ueue Using A Linked List)Given A Partial Main.

Back to Home


https://sip.evo9x.com/ma16/write-the-embedded-c-programming-for-chocolate-vending-machine-with-the-help-of-pic-microcontroller.pdf
https://sip.evo9x.com/ma16/write-the-embedded-c-programming-for-chocolate-vending-machine-with-the-help-of-pic-microcontroller.pdf
https://sip.evo9x.com/ma16/4-12-lab-air-traffic-control-queue-using-a-linked-list-given-a-partial-main-py-and-planequeue-class.pdf
https://sip.evo9x.com/ma16/4-12-lab-air-traffic-control-queue-using-a-linked-list-given-a-partial-main-py-and-planequeue-class.pdf
https://sip.evo9x.com/ma16/a-wire-made-of-copper-density-8-5-g-cm-is-shaped-like-a-helix-that-spirals-along-the-r-axis-from.pdf
https://sip.evo9x.com/ma16/a-wire-made-of-copper-density-8-5-g-cm-is-shaped-like-a-helix-that-spirals-along-the-r-axis-from.pdf
https://sip.evo9x.com/ma16/when-you-board-a-ferris-wheel-your-feet-are-1-foot-off-the-ground-at-the-highest-point-of-the-ride.pdf
https://sip.evo9x.com/ma16/when-you-board-a-ferris-wheel-your-feet-are-1-foot-off-the-ground-at-the-highest-point-of-the-ride.pdf
https://sip.evo9x.com

