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Introduction  

Airplanes are greatly contributed of today’s 

transportation. Thanks to airplanes we are 

able to travel to different countries, get 

packages from every part of the world, and 

so many things. Airplanes, in the eyes of an 

engineer, it has a lot of complex processes 

in order to work safely.  

 

As an electrical engineer with some 

knowledge on RTS, we can consider an 

airplane as a Hard RTS. We will go in depth 

on how the Integrated Modular Avionics, 

known as IMA, interacts with  RTS process 

functions in real-time. 

 

IMA and RTOS 

IMA and RTS are dependent of each other. 

The table below is a good example of a 

current IMA system integration issues.  

 

 

Table 1 : Airplane Information Management 

System IMA (AIMS) 

 

IMA benefits and challenges 

An IMA system is designed to exchange 

data in a controlled way. The good thing is 

that information is easy too share, but it also 

provides challenges. A challenge could be 

something like failures are introduced based 

on dependencies of an integrated system. 

The RTOS govern the overall operation of 

an IMA system that is needed for several 

special system-related considerations. The 

IMA system architecture and shared 

resources should be tested for potential 

system failure conditions. 

Accommodating the IMA system with the 

RTOS would be subject to vulnerability 

analysis and robustness test[1].  

 

 IMA and ARP4754 

Aerospace Recommended Practice (ARP) is 

a guideline from SAE international that deals 

with the development process to certify 

Aircraft Systems [2]. ARP4754 is a design 

that provides isolation that potentially reduce 

effort for unnecessary processes. IMA 

functions are critical to protect the errors in 

different parts of the IMA system. The 

partition should develop an assurance level 

to the worst failure condition classified. 

 

 

 

Table 2: Safety Assessment and System 

Development Processes 

 



IMA System Roles 

The IMA system is comprised for a set of 

modules and components that will provide 

certain aviation functions:  

 

- A platform supplier that provides the 

connection between the hardware and 

the software. The IMA is responsible to 

ensure that the hardware and software 

components provide high levels of 

availability, safety, and integrity. 

 

- An RTOS supplier that work with the 

platform supplier to ensure the hardware 

works efficiently. This RTOS supplier will 

operate on a variety of hardware 

platforms. 

 

- An application supplier is an application 

development that will accomplish without 

consideration of other application 

functions, unless the functions are 

related. 

 

- An IMA system integrator that is 

necessary to incorporate one or more 

avionic functions for the system. The 

IMA system integrator is going to 

address all interfaces that enters and 

exits the IMA system configuration. As 

well as resource allocation, system 

integration, and performance of the 

system.  

 

RTOS Scheduling 

The RTOS schedules the partitions by 

running them in a repetitive sequence that is 

supplied by the IMA system integrator. The 

RTOS is responsible for process transitions 

and scheduling. Based on this, the RTOS 

assists applications on time providing control 

of a schedulable operation that is not 

responding to the allowing periodic processes 

and missing their deadline. RTOS will be 

capable of recognize that containing an error 

handler to deal with the error. 

 

IMA integration stages 

The IMA system ranges from a single 

hardware platform to a complex system that 

contain numbers of functions. The different 

Integration Stages are named below: 

 

Integration Stage 1 -  Integration of 

components 

Integration Stage 2 - Integration of a single 

application with a platform 

Integration Stage 3 – Integration of multiple 

applications with a platform 

Integration Stage 4 – Integration of multiple 

platforms into an IMA system 

Integration Stage 5 – Integration of IMA 

systems onto the aircraft. 

 

 

Table 3 : Staged Integration View of IMA 

System Development 



IMA Functions 

The functions that are incorporated into the 

IMA system using the guidance of ARP4754, 

where the functional hazard analysis, 

system safety assessment, and the 

allocation of these functions from hardware 

to software are aligned. When the 

allocations are in place, the IMA and the 

RTOS would consider all the modes of 

operation. Also the IMA system developer 

needs to consider all the various states of 

operation in order to make  the IMA system 

initialization, normal operation, shutdown 

and degraded operation work accordingly. 

There may be alternate tasks employed that 

are based of sequencing the events and 

synchronization commitments to be 

documented and the various states and 

modes to be check and verified. 

 

RTOS Vulnerabilities 

RTOS will make sure to run all the 

applications to classify safety concerns 

related to RTOS vulnerabilities. The 

vulnerabilities are going to address any 

safety concerns related to interference that 

are not robustly partitioned. [3]  

 

The vulnerabilities of the RTOS could be 

systematic. Lower branches are detailed 

until there is sufficient detail to identify one 

or more RTOS requirements to ensure if 

vulnerability is mitigated. 

 

 

 

 

 

RTOS Shared resources 

The RTOS is responsible for managing 
shared resources among the various 
applications using those resources[4]. The 
four major areas are : 
 
Memory – RTOS controls a variety of memory 

types like cache, RAM, ROM and nonvolatile 

memory types. The RTOS uses various 

modes of operation like copy and write. 

Reading and writing nonvolatile memory 

takes longer as for the flash drives require a 

protocol to write. RTOS supplier and platform 

provider is consider for the application to use 

shared memory. 

 

Input/Output – Information is passed 

between and I/O device. The IMA system 

integrator connects to communication 

channels. Certain constraints are needed to 

communicate between the RTOS supplier, 

platform supplier, and application supplier. 

Many implementations incorporate some 

type of RTOS partition that permits only 

certain tasks to a specific I/O. Memory and 

timing are effective controlled by the RTOS 

and used by the application. Because of this, 

constraints and assumptions made by the 

RTOS must be conveyed to the IMA system 

integrator to special verification activities. 

On an IMA system, the I/O is controlled to 

dedicated devices that are not shared, which 

means that the IMA integrator connects to 

communication channels. This constraints 

will be specified in interface specification 

documents and will be communicated in 

configuration records for more information. 

 

Central Processing Units – The IMA system 

controls and schedules allocations between 

partitions on a processor. The control of this 



processing element is being used 

exclusively by the RTOS. There are some 

features of the hardware where the 

processor run time is not necessarily mean 

the number of instructions in all cases. 

 

Communications – RTOS provides 

communication services to support 

information flow between partitions hosted 

on a processor. This services support 

streams of information that use a variety of 

communication mechanisms. Messages are 

fixed and can be sent periodically and 

aperiodically. Some implementations require 

a port interface to fulfill the mapping 

requirements. To make the communications 

services work, it requires commitments from 

the platform supplier, who has the potential 

data communications for the application 

supplier and the RTOS supplier. 

 

IMA System Startup 

A highly integrated IMA initialization can be 

difficult. The components of the IMA system 

integrator requires some commitments to 

run resource priorities, task priorities, chip 

initializations, etc. 

Parameter defaults and state machines must 

be considered for the system initialization to 

balance the resources. This would require 

execution schedules during the initialization 

than the execution modes. 

The RTOS and the IMA system can handle 

errors that are monitored by one partition 

which will not affect the software. 

 

 

 

 

 

Conclusion 

 

IMA systems provide multiple applications 

that has some benefits and challenges. 

Information is easier to share in a system 

that is designed to exchange data could be 

consider as a benefit. On the other hand, 

common mode failures are introduced and 

dependencies existed that may consider a 

challenge.  

 

Specific modules and components in IMA 

systems focused on RTOS. The difficulty of 

achieving an RTOS IMA system is 

elaborated.  
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