
Real Time Operating System (RTOS)



What is Operating System?
An operating system is system software that manages computer hardware and software 
resources, and provides common services for computer programs.



OS



A general-purpose OS represents an array of operating systems intended to run a multitude of
applications on a broad selection of hardware, enabling a user to run one or more applications or
tasks simultaneously



GPOS Vs RTOS
GPOS

RTOS



OS for Embedded System

 FreeRTOS

 Mbed OS

 Mynewt OS

 Zephyr

 RIOT

 TinyOS

 Contiki OS



RTOS vs GPOS Task Scheduling 

GPOS

In the case of a GPOS – task scheduling is not based on “priority”
always!

RTOS

Where as in RTOS – scheduling is always priority based. Most RTOS

use pre-emptive task scheduling method which is based on priority
levels.



RTOS vs GPOS Task Switching Latency

In Computing , Latency means “The time that elapses between a stimulus 
and the response to it”.

Task switching latency means, that time gap between “A triggering of an event 
and the time at which the task which takes care of that event is allowed to run 
on the CPU”



RTOS vs GPOS Task Switching Latency



RTOS vs GPOS Task Switching Latency



RTOS vs GPOS: Interrupt Latency



RTOS vs GPOS: Priority Inversion

GPOS RTOS

Priority inversion effects must be solvedPriority inversion effects are in-significant 



RTOS vs GPOS: Kernel Preemption

Preemption
In computing preemption is the act of temporarily removing the task from the running state without its co-
operation

In RTOS , Threads execute in order of their priority. If a high-priority thread becomes ready to run, it will, within 
a small and bounded time interval, take over the CPU from any lower-priority thread that may be executing that 
we call preemption. The lower priority task will be made to leave CPU, if higher priority task wants to execute.

The kernel operations of a RTOS are pre-emptible where as the kernel operations of a GPOS are not pre-emptible



What is Multitasking?



FreeRTOS

 FreeRTOS is a RTOS kernel created in 2003, broadly used In MCU based projects
 Now distributed under the MIT licence. 

Device Drivers

Communication 
Stacks

Crypto
Other 

libraries

Radios Sensors Actuators

Hardware

Task Management Communication

Devices

…

FreeRTOS Kernel

Download FreeRTOS: https://freertos.org/a00104.html
Reference Book FreeRTOS: https://freertos.org/Documentation/RTOS_book.html

https://freertos.org/a00104.html
https://freertos.org/Documentation/RTOS_book.html


FreeRTOS



FreeRTOS



FreeRTOS Allow Multitasking 

• An RTOS is a software that manages the time and resources of a CPU
• Application is split into multiple tasks 

• The RTOS’s job is to run the most important task that is ready-to-run

• On a single CPU, only one task executes at any given time



Task States



Task States

Running When a task is actually executing it is said to be in the Running state. It is currently utilising the processor. If 
the processor on which the RTOS is running only has a single core then there can only be one task in the Running 
state at any given time.

Ready Ready tasks are those that are able to execute (they are not in the Blocked or Suspended state) but are not 
currently executing because a different task of equal or higher priority is already in the Running state.4

Blocked A task is said to be in the Blocked state if it is currently waiting for either a temporal or external event. For 
example, if a task calls vTaskDelay() it will block (be placed into the Blocked state) until the delay period has expired -
a temporal event. Tasks can also block to wait for queue, semaphore, event group, notification or semaphore event. 
Tasks in the Blocked state normally have a 'timeout' period, after which the task will be timeout, and be unblocked, 
even if the event the task was waiting for has not occurred.
Tasks in the Blocked state do not use any processing time and cannot be selected to enter the Running state.

Suspended Like tasks that are in the Blocked state, tasks in the Suspended state cannot be selected to enter the 
Running state, but tasks in the Suspended state do not have a time out. Instead, tasks only enter or exit the 
Suspended state when explicitly commanded to do so through the vTaskSuspend() and xTaskResume() API calls 
respectively.



Tasks
 For each task:

 YOU assign a priority based on its importance

 Requires its own Stack

 Manages its own variables, arrays and structures

 Is typically an infinite loop

 Possibly manages I/O devices

 Contains YOUR application code



Task 1

Task 2

Task 3

Task 4

Task Create

Task Define



Task taking CPU time



Creating Task
 YOU must tell the RTOS about the existence of a task:

 The RTOS provides a special API: OSTaskCreate() or (equivalent)

 The RTOS assigns the task:
 Its own set of CPU registers 
 A Task Control Block (TCB)



Signaling a task using Semaphore

• Semaphore can be used to signal a task
• Called from ISR or Task
• Does not contain data

Interrupt Service Routine









List of Notation

• API Application Programming Interface

• CMSIS Cortex Microcontroller Software Interface 
Standard

• FIFO First In First Out

• HMI Human Machine Interface

• IDE Integrated Development Environment

• IRQ Interrupt Request

• ISR Interrupt Service Routine

• MCU Microcontroller

• MPU Memory Protection Unit

• RMS Rate Monotonic Scheduling

• RTOS Real-time Operating System

• SIL Safety Integrity Level

• TCB Task Control Block

• UART Universal Asynchronous Receiver/Transmitter


