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Introduction .‘

Callback functions play a fundamental role in the

design of flexible and modular embedded systems.

They are widely used to decouple software
components, making the code more maintainable and
scalable. In the context of Embedded C
programming, callback functions enable
asynchronous execution, event-driven programming,
and hardware abstraction, all of which are critical for

embedded applications.

This article explores the concept of callback
functions, explains their implementation, highlights
best practices, and discusses real-world applications.
It also evaluates the advantages and potential pitfalls

of using callbacks, ensuring readers gain both

theoretical and practical insights into their use.






What Are Callback Functions? .‘

A callback function is a function that is passed as an
argument to another function and is executed later,
often in response to a specific event. In Embedded C,
callbacks rely on function pointers, allowing dynamic
Invocation of functions without hardcoding
dependencies.

Example — Basic Callback Function

#include <stdio.h>
executeCallback( (*callback) ( ));

myCallback() {
printf("callback function executed.\n");

executeCallback( (*callback)(
if (callback != y {
callback();




What Are Callback Functions?

Example — Basic Callback Function

o0

#include <stdio.h>
0id executeCallback(void (*callback)(void));

0id myCallback() {
printf(“"Callback function executed.\n");

01d executeCallback(void (*callback)(void)) {
it (callback 1= NULL) {
callback();

h

nt main() {
executeCallback(myCallback);
return 8;

This example demonstrates how a function pointer is

passed and invoked dynamically.







Functions?

When and Why to Use Callback 1

Callback functions are ideal for scenarios requiring

asynchronous event handling, interrupt-driven tasks,

or decoupling modules.

Common Use Cases

* Interrupt Service Routines (ISRs):. Execute
specific actions when an interrupt occurs, such as
handling a GPIO change..

 Timer-Based Tasks: Perform periodic actions
without blocking execution.

« Hardware Abstraction Layers (HALs): Allow
reuse of peripheral drivers across different
applications.

« Communication Protocols: Manage UART, SPI,

or I2C events like data reception or transmission.







Implementing Callback Functions
iIn Embedded C

Example — GPIO Interrupt Handling

#include <avr/io.h>
#include <avr/interrupt.h>

(*Callback)( );
Callback gpioCallback = 5

ISR(INTO vect) {
if (gpioCallback != ) {
gpioCallback();

}

}
registerGPIOCallback(Callback callback) {
gpioCallback = callback;
}
ledToggle() {
PORTB ~= (1 << PORTBO);
}

main() {

DDRB |= (1 << DDB@);




Implementing Callback Functions

IN Embedded C

void registerGPIOCallback(Callback callback) {
gpioCallback = callback;

}

void ledToggle() {
PORTB ~= (1 << PORTBO);

}

int main() {
DDRB |= (1 << DDB®);
EIMSK |= (1 << INTO);
EICRA |= (1 << ISCel);
sei();
registerGPIOCallback(ledToggle);

while (1) {

}

This example registers a callback for a GPIO interrupt,

enabling modular event handling.






Best Practices for Using Callback"
Functions

« Validate Function Pointers: Always check if the ‘
pointer is non-null before invoking it to avoid
runtime errors.

 Encapsulate Callbacks: Use structures or
typedefs to improve readability and maintainability.

 Minimize Execution Time: Keep callback
execution brief to avoid blocking interrupts or real-
time processes.

* Avoid Global Variables: Use parameters to pass
data, reducing dependence on global states.

 Document Clearly: Include comments specifying

the purpose and behavior of callbacks.







Pros and Cons of Callback "
FunctionsPros

Pros:

Modularity: Enables separation of concerns by
decoupling software components.

Reusability: Promotes code reuse through generic
Implementations.

Flexibility: Allows dynamic behavior changes during
runtime without code modification.

Asynchronous Support: Handles real-time events

efficiently without blocking execution.

Cons:

Debugging Challenges: Indirect function calls can make
tracing code execution harder.

Null Pointer Errors: Improper initialization can lead to
runtime crashes.

Code Complexity: Excessive callback chaining may

reduce readability and increase maintenance effort.






Advanced Concepts 1
\

Callback Chaining

Multiple callbacks can be registered and invoked
sequentially, useful for systems requiring layered
processing.

Dynamic vs Static Callbacks

Static callbacks are faster but less flexible, while
dynamic callbacks allow runtime modifications at the
expense of added overhead.

Thread Safety in RTOS

When callbacks are used in multi-threaded systems,
synchronization mechanisms such as mutexes or
semaphores should be employed to ensure thread

safety.







Real-World Applications

Example — Timer-Based Task Execution

#include <avr/io.h>
#include <avr/interrupt.h>

typedef void (*TimerCallback)(void);
TimerCallback timerCallback = NULL;

ISR(TIMER1_OVF vect) {
if (timerCallback != NULL) {
timerCallback();

void registerTimerCallback(TimerCallback callback) {
timerCallback = callback;

void toggleLED() {
PORTB ~= (1 << PORTBO);

}

int main() {



Real-World Applications

void toggleLED() {
PORTB ~= (1 << PORTBO);

}

int main() {

TCCR1B |= (1 << CS12);
TIMSK1 |= (1 << TOIE1l);
sei();

DDRB |= (1 << DDBO);

registerTimerCallback(togglelLED);
while (1) {

}

This example demonstrates a timer triggering a

callback function to toggle an LED.






Debugging Callback "
Implementations

Validate Pointers in Debug Mode: Use assertions to
check function pointers during development.

Log Execution: Print logs or toggle test pins to trace
callback execution.

Code Profiling Tools: Measure execution time for

performance evaluation in real-time systems.







Conclusion "

Callback functions are a powerful programming tool '

for embedded systems, enabling flexibility, scalability, ‘
and modularity. When implemented properly, they
simplify complex tasks such as event handling and
asynchronous operations. However, developers must
carefully manage function pointers to avoid pitfalls

like null pointer errors and debugging difficulties.

By following best practices and learning from real-
world examples, embedded developers can harness
the full potential of callback functions, creating robust
and efficient applications. Whether handling GPIO
Interrupts or managing timers, callbacks remain a

cornerstone of modern embedded programming.
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