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Abstract – Real Time Systems that insure execution of tasks so that no deadlines are missed are available 

everywhere and their applications can be seen in almost every industry. This paper will focus on how real time 

systems are implemented in airplanes and other vehicles and systems in the avionics industry. Specific 

technologies that have impacted the avionics industry such as FADECs and IMA systems will be covered as well 

as systems currently in use such as INTEGRITY, Deos, LynxOS-178 and new real time systems that are going 

to be implemented in the future will also be discussed including DeltaFliCOS, the ERIKA Enterprise RTOS as 

well as a real time system that adjusts a planes center of gravity which currently has no name.  

 

1. Introduction  

 

Real Time Systems (RTS) are systems that are 

required to not only complete their jobs but also to 

execute them in such a way that no deadlines are 

missed at a certain time. These systems include but 

are not limited to air traffic controllers, 

telecommunication systems, missile control 

systems, medical equipment, and vehicle braking 

systems among many others. This paper 

specifically  will focus on the impact of Real Time 

Systems research in the avionics industry. Specific 

technologies that have advanced airplane 

performance will be discussed in detail and their 

benefits for aircrafts will be observed as well.  

 

Such systems include Full Authority Digital 

Engine Controllers (FADECs) as well as Integrated 

Modular Avionics (IMA) systems. Real Time 

Operating systems used in aircrafts will be 

discussed including the INTEGRITY RTOS used 

in military bombers as well as helicopters, and 

commercial aircraft and the standards for RTS 

systems in aircrafts will also be briefly mentioned 

including DO-178B and POSIX. The Deos RTOS 

created by DDC-I will also be talked about and its 

contributions will be mentioned as well as the 

LynxOS-178 created by LynuxWorks. 

 

 New RTS systems currently being developed 

for commercial aircraft use will also be talked 

about such as DeltaFliCOS which is a new RTS 

system that will specifically perform flight control 

operation on aircrafts. Another new RTS system 

that will be talked about will be able adjust the 

center of gravity of an airplane during test flights 

for more accurate calculations and yet another real 

time operating system will be used to control 

UAVs to perform autonomous navigation and other 

mission related functions using the ERIKA 

Enterprise real time operating system.     

 

2. RTS Technologies in the Avionics Industry  

 

 One of the impacts of RTS research in the 

avionics industry was the use of Fixed Priority 

Scheduling (FPS) research from the University of 

New York to redesign Roll-Royce’s Full Authority 

Digital Engine Controllers (FADEC) [1]. This has 

notable beneficial implications because FADESC’s 

are used for the control and monitoring of aircraft 

engines and they help reduce dangers to the aircraft 

and increase its safety, and they also receive 

information from other areas of the aircraft and help 

to regulate the temperature of the cabin and the fuel 

[1].  

 

 Therefore FADEC’s are very important for the 

correct performance of an aircraft. The research into 

redesigning the FADEC’s focuses on changing the 

static scheduler into a fixed priority non preemptive 

scheduler so that hard deadlines can be met because 

static scheduling limits the number of periods and 

due to the changing of the number of tasks as well 

as the execution times the static scheduler is hard to 

maintain [1].  

 

 The other issue that was occurring with the static 

scheduler was that the processor was being utilized 

almost to 100% of its capacity which would make 

achieving deadlines much harder because there is 

no room to allow for missed deadlines [1].  Static 

schedulers assign priorities to tasks before the 



 
 

 

system runs and are done offline but fixed priority 

schedulers assign the same priority for all jobs in 

each task [2]. The fixed priority schedulers also 

assign tasks online while the tasks are running right 

after they are released [2]. The benefits of using this 

fixed priority non-preemptive scheduler are that 

new processing hardware was not needed since now 

the processors were not being used at their full 

capacity and processor board for avionics systems 

not only take time to create but they are also very 

expensive [1]. Using this scheduler also reduced 

hardware delays which were causing the Rolls 

Royce company to deliver aircraft engines later than 

expected [1].  

  

 Another impact of Real Time Systems research 

was the creation of Integrated Modular Avionics 

(IMA) systems which are real-time computer 

network airborne systems. These IMA systems have 

certain beneficial features which include: an open 

network architecture, a unified computing board 

with removable modules as well as a 

multifunctional computation system that could run 

more than one task on the same hardware of the 

aircraft [3]. Other benefits for aircraft developers is 

that using an IMA reduces weight on the aircraft 

because the number of parts of the processor units is 

reduced [4].  

 

 Another benefit is that there is less money spent 

on maintenance of the aircraft and in addition to 

that, the software can be upgraded without having 

to replace the hardware [4]. The functions of the 

IMA include electrical flight control, 

communications and warning, air conditioning and 

pneumatics as well as fuel functions and landing 

gear functions [4]. The IMA systems have been in 

use for a long time and it is used in aircrafts such as 

the Airbus A380, the Sukhoi Superjet, and the 

Boeing 787 as well as many others [4].  

 

 However certain IMA systems lack certain 

characteristics and therefore in certain countries 

new IMA technologies that are being developed 

will affect new aircrafts in those countries. For 

example in the Russian Federation real time 

operating systems are being developed that will 

support avionics interfaces such as ARINC 429, 

AFDX, CAN, MIL-STD-1553 [3]. An avionics 

interface such as ARINC 429 is a standard for 

commercial and transport aircraft that deals with 

functions including communications, guidance, 

altitude,  and flight management and helps them all 

to function properly through the proper 

communication of the avionics systems and their 

components [5].  

 

 Other desired characteristics for the real time 

operating systems include being able to support 

multicore CPU’s as well as being able to comply 

with safety standards and support graphical 

programming interfaces [3].  Redesigning the real 

time operating systems  in this country would allow 

for all of these benefits as well as the Russian 

Federation being able to design  their own RTS 

systems at a cheaper cost because most of the 

current RTS systems are made abroad [3].  

 

 IMA systems have also seen a growing increase 

in popularity and have been used more and more in 

place of federated architecture systems [6]. 

Federated architecture systems are single 

application operating system while IMA systems 

can run multiple applications and have a time and 

space partitioned system [6]. Time and space 

partitioning allow a piece of software to spend a 

certain amount of time on the CPU while other 

software performs other tasks and also it is 

guaranteed that software in one area cannot corrupt 

the memory in another area of the software [6]. 

Time and space partitioned systems also allow for 

the ability to run mixed-criticality applications [6]. 

This means that you can run both high priority tasks 

as well as low priority tasks and still have the 

system work properly [6]. A system such as Wind 

River’s VxWorks 653 is an IMA based system that 

uses time and space partitioning that is used for 

commercial aircraft [6]. 

 

3. RTS Systems Currently in Use 

 

 Real Time Systems are also seeing an impact on 

commercial aircrafts and military aircrafts by 

performing safety critical functions as well as 

performing guidance operations for planes and 

providing cockpit displays for pilots [7].  Most 

every plane right now can have either one or several 

real time operation systems [7].  For example, a 

new type of commercial real time operating system 

called INTEGRITY-178B which uses time and 

space partitioning  is currently being used in 

military fighters and bombers as well as other 

aircraft [7]. The B-1B Lancer made by Boeing is 

one of these bombers that has used the INTEGRITY 

RTOS to perform flight control, self-defense 

management as well as weapons delivery and radar 

control [7]. Another aircraft that uses this hardware 

is the F-16E/F, Block 60, fighter aircraft that is 

designed by Lockheed Martin and INTEGRITY is 

used here to power the mission and display 

computers among other functions [7].  

 



 
 

 

 INTEGRITY software is also being used in more 

aircrafts which include: the Airbus 380, B-52, F/A-

22, F-35 Joint Strike Fighter, and the S-92 

helicopter [7]. On the F-16 Fighting Falcon the 

INTEGRITY RTOS is used on the Advanced 

Mission Computer (AMC) to perform weapon and 

fuel management as well as data formatting for data 

buses and fiber optic links as well as navigation and 

creation of the head-up-display (HUD) [7]. 

INTEGRITY-178B is used in the S-92 helicopter 

developed by Sikorsky inside of the Avionics 

Management System (AMS) to display a digital 

map, weather radar,  and engine indication, as well 

as crew alert system information [7]. INTEGRITY 

is also currently being designed into aircraft mission 

computers, software-defined radios, a pad abort 

demonstrator for a space station, process and 

industrial controllers, and telecommunications 

equipment.  

 

 The INTEGRITY RTOS is also used in more 

than 100 flight critical systems and is used more 

than other Commercial Off The-Shelf (COTS) 

operating systems according to Green Hills 

Software Inc which is the developer of the 

INTEGRITY ROTS because it is certified by DO-

178B Level A which is the most strict safety 

standard for avionics software [7]. The D0-178B 

standard helps to assure that there will be no 

catastrophic failure of the RTOS when used for 

aircrafts [7]. ROTS systems must meet certain 

levels of this standard or else loss of life and failure 

of equipment will result.  

 

 For example level A of the DO-178B  standard  

stands for catastrophic, so a RTOS system that does 

not satisfy this level might lead to a loss of life and 

safe flight or landing might be prevented [7]. Level 

A systems under this standard might include flight 

control devices or the computers that are flying the 

aircrafts while they are on autopilot [11]. Also level 

E of this standard means that the use of a RTOS 

system will not affect the aircraft at all so level E is 

the lowest standard for aircraft equipment [7]. 

 

  Level E systems might include the 

entertainment systems that are used to play the 

movies on some commercial planes [11]. Another 

benefit of the INTEGRITY RTOS system lies in its 

ability to detect and prevent any bugs that could 

crash the system, lock it up, or corrupt it unlike 

other RTOS such as VxWorks and pSOS [8]. There 

is also a new version of INTEGRITY named 

INTEGRITY-178 tuMP which is one of the only 

RTOS that has been tested and certified by the 

Federal Aviation Administration (FAA) and it is 

used in the Traffic Collision Avoidance System of 

commercial aircraft. 

 

 Yet another real time operating system that is 

used currently in the avionics industry is called 

Deos and it was created by a company called DDC-

I [10]. Deos is a safety critical time and space 

partitioned system that supports ARINC 653 APEX 

and Rate Monotonic Scheduling [10]. This system 

has been certified as a very safe system and has 

been in use since 1998 in thousands of aircrafts with 

the approval of various agencies including the FAA 

[10]. The Deos RTS system has been used with 

microprocessors such as the x86, PowerPC,ARM, 

and MIPS and has performed lots of flight critical 

functions including managing cockpit video, traffic 

collision avoidance systems (TCAS) , electronic 

flight bags, enhanced ground proximity warnings, 

radios, weather radar and more systems as well 

[10].  

 

 Deos is also certified to DO-178C Design 

Assurance Level A (DO-178C DAL A) which is as 

mentioned previously is the highest safety standard 

that a RTS system on an aircraft can achieve and it 

is the only certifiable time and space partitioned 

COTS real time operating system that has this level 

of safety [10] The Deos RTS system also allows for 

the use of multiple cores to safely schedule tasks in 

the system [10]. Deos includes ARINC 653, Rate 

Monotonic, and Portable Operating Systems 

Interface (POSIX) schedulers already on it [10]. 

Another reason why the Deos RTS system is used 

in the industry is because it contains security 

software packages that include functions such as 

encryption, secure networking, and key 

management among others so these features along 

with its high safety standard make it one of the most 

widely used RTS systems in the avionics industry 

[10].  

 

 The LynxOS-178 RTOS by LynuxWorks is 

another system that has been used in millions of 

safety-critical applications including multiple 

military and aerospace systems [12]. LynxOS-178 

is a hard real-time partitioning operating system that 

has been certified to FAA DO-178B/C DAL A 

which is one of the safety levels mentioned before 

[12].  This real time operating system supports x86, 

ARM, and PowerPC microprocessors and it is 

designed to support multi-processor applications in 

safety-critical systems as well as multithread 

applications [12]. LynuxOS-178 is also a POSIX 

conforming system meaning that it can meet POSIX 

standards [12].  

 



 
 

 

 POSIX standards provide for the communication 

between an application and the operating system 

below it [12]. Meeting POSIX standards is currently 

being mandated for commercial and government 

applications because POSIX standards allow for 

code portability [12]. LynxOS-178 currently 

conforms to POSIX.1 and provides the services 

specified by POSIX 1.b which provides real-time 

extensions such as priority scheduling, real-time 

signals, memory locking, share memory and many 

others [12].    

 

 The time-partitioning of the LynxOS-178 is 

implemented by giving each partition a fixed 

execution time so that the system can be considered 

safe [12]. In each time slice of a fixed execution 

time, only the processes in that partition can be 

executed [12]. In addition to time partitioning, 

memory and resource partitioning are also done as 

well [12].  

 

 

4.  New RTS Systems Being Developed in the 

Avionics Industry 

 

 Another real time operating system that is going 

to be used in the avionics industry is called DeltaOS 

which was developed by CoreTekSystems [9]. This 

real time system runs on a x86 processor and it is 

sought to use this real time system to perform flight 

control operations [9]. However this system was 

considered insufficient for this flight control 

operation and another system which is called 

DeltaFliCOS is in the process of being developed to 

have certain characteristics which include: all tasks 

in the system being periodic, the scheduling 

algorithm being non-preemptive and static, all of 

the tasks in the system being independent tasks, and 

having the system specifically perform flight 

control operations because currently there is no 

flight control system that performs these tasks [9].  

 

 Typical flight control systems control sensors, 

CPUs for computing control laws, and actuators [9]. 

Sensors can consist of the inertial measurement unit 

(IMU) that measures linear acceleration and angular 

velocity, the global positioning system (GPS) that 

measures position, the air data measurement system 

that measures air pressure, and the pilots controls 

which can include such things as the pilot’s stick all 

of which are sensors of the cruise mode of the 

system [9]. The control laws calculate the positions 

for the pitch, lateral, and throttle controls and the 

system has four actuators which control the ailerons 

which are located at the edge of airplane wings and 

are used to control the lateral balance of aircrafts, 

the tailplane, and the rudder which is located at the 

back of the plane and is used to control rotations of 

the aircraft and is also known as the yaw of the 

plane[9].  

 

 There are also other modes that are controlled by 

the flight control system which include the take-off, 

autopilot, degraded mode which is used when some 

plane sensors are damaged, and landing modes 

which have their own sensors and functions [9]. 

Some of the other flight control systems functions 

include retracting the landing gear as well as 

controlling the autopilot of the plane and leaving its 

control to the flight planner as well as not allowing 

certain plane maneuvers in the degraded mode 

when components are damaged [9].  

 

 Therefore the new DeltaFliCOS real time 

systems which is implemented in the C 

programming language is being developed to handle 

these specific operations and two scheduling 

algorithms are going to be used on this clock-driven 

system and these include the Multiple-Rate and the 

Single Cycle scheduling algorithm [9]. Both of 

these scheduling algorithms are non-preemptive, 

and they make an assumption that tasks with 

arbitrary rates will always terminate within a 

minimal cycle [9]. In the case of these two 

scheduling algorithms, they can be scheduled in the 

same way as the Rate Monotonic scheduling 

algorithm for when the task set consists of only 

independent periodic tasks [9]. The tasks will be 

grouped into the following categories: sensing 

tasks, actuating tasks, and tasks for computing the 

control laws and the tasks will be split into three 

parts which include: reading the sensors, computing 

the control laws, and writing actuators [9].  

 

 A running task will stop its execution if it is 

terminated by executing a task stop command or if 

the time allocated to its time slice is running out, or 

if it is rescheduled by issuing a mode schedule 

command [9]. In addition to this there are also data 

structures called Task Control Blocks (TCB) and 

Mode Control Blocks (MCB) which keep 

information about tasks and about the modes of the 

system respectively [9]. The mode of the system is 

defined as the maximal frequency of the mode 

divided by the minimal frequency of the cycle of 

the task where the maximal frequency is the cycle 

number of the task times the frequency of the task 

[9].  

 

 For these scheduling algorithms, if a task is 

executed normally such as when a task stop 

statement is executed then the scheduler checks the 



 
 

 

current task list and if the task list is empty then the 

idle task is executed for the rest of the time in the 

cycle [9]. If the task set is not empty then the task at 

the top of the task list is selected according to its 

index list [9]. When the index list is empty then the 

task at the top of the list must be executed every 

cycle and the task is chosen for execution 

immediately [9]. When the index list is not empty 

then the top of the current index list is checked to 

see if it is the same as the current mode frequency 

and if it is then the task is executed but if it the top 

of the current index list is not the same as the 

current mode frequency then the current index list is 

changed by the tail list and the process is continued 

again until there is a match [9]. 

 

 If the task is not executed normally but instead a 

regular time out occurs then this means that either 

the cycle has been completed or the period of the 

execution of the current mode has reached its end 

[9]. If the cycle has been completed then the 

scheduler will check the current task list and if it is 

empty then the idle task will be executed again for 

the rest of the cycle and if the task list is not empty 

then the task at the top of the list will again like 

before be  selected based on its index list [9]. If the 

index list is empty then the task is chosen again for 

execution like before and if the index list is not 

empty then the current index list will be checked 

[9]. If the current index list is empty then the next 

task in the task list will be executed [9]. If the 

current index list is not empty then the mode 

frequency will again be checked with the current 

index list to see if they are equal and if they are then 

the task will be selected [9]. If not then again the 

tail list will update the mode frequency and the next 

task in the task list will be checked [9].   

 

 Further plans on the use of the Multiple-Rate and 

the Single Cycle scheduling algorithms for the new 

DeltaFliCOS system indicate that these two 

algorithms may be combined into one algorithm 

instead of being separate [9]. A benefit of limiting 

this new RTS system to just the flight controls is 

that the calculation of the worst case execution time 

would be easier to calculate and this is also in the 

future plans of using this system [9]. In the future 

implementation of this system there also might need 

to be a special language needed to communicate 

with the input and output devices of the aircraft 

systems including the sensors as well as the 

actuators and other units [9].  

 

 There is also another new real time system that is 

going to be used in new airplanes which does not 

even have a name yet but this new RTS system will 

be used for real-time adjustment of an airplane’s 

barycenter which is another name for the airplanes 

center of gravity [13]. The barycenter of the 

airplane is important parameter that must be 

measured during test flights in order to ensure that 

an airplane can maintain flight stability and 

aerodynamic control when the barycenter is placed 

in different positions of the aircraft [13].  

 

 Typically a counterweight was placed in the 

aircraft and it was moved towards the back and 

front of the plane to adjust the barycenter of the 

plane, but this solution was not efficient or precise 

[13]. This is where the new RTS system which is 

based on CompactRIO (cRIO) comes into play [13]. 

cRIO is a real time embedded controller designed 

by National Instruments which will be used to 

collect sensor data, communicate with the airplane, 

store and playback test data, display the user 

interface, and calculate the airplane’s barycenter 

[13]. The cRIO controller contains an FPGA and 

embedded processors along with other modules 

[13].  

 

    In order for the RTS system to calculate the 

barycenter of the plane it has to take into account 

the landing gear status, the fuel consumption of the 

plane, load changes as well as the position of the 16 

water tanks in the plane including the level of each 

tank as well as the position of the fuel tanks [13]. 

After the RTS system calculates the barycenter 

position based on the data it is given by an FPGA 

on the aircraft, the system will use pumps and 

valves to move water from the front of the plane to 

the back of the plane or vice versa using the 8 water 

tanks in each side [13]. The simulation results of 

using this new RTS system show that this new 

system is more accurate than others in the 

calculation of the barycenter.  

 

 One more real time system that is being 

developed uses the ERIKA (Embedded Real tIme 

Kernel Architecture) Enterprise real-time kernel 

operating system which will be used for the control 

of Unmanned Autonomous Vehicles (UAV) to 

monitor dangerous and large areas, perform 

autonomous navigation and to perform missions 

[14]. The kernel used to control the UAVs will be 

able to support common scheduling algorithms such 

as Rate Monotonic and Earliest Deadline First 

(EDF) [14]. The kernel will consist of two layers of 

which one which is the Kernel layer will be 

containing scheduling algorithms including fixed 

priority with preemption threshold and the EDF 

algorithm mentioned before with preemption 

threshold [14]. The Stack Resource Policy (SRP) 



 
 

 

algorithms will also be used to share resources and 

to share the system stack and it will be used to 

prevent priority inversion in the system tasks[14].  

 

The control application of the UAV which will be 

used to control the direction and orientation of the 

UAV to follow a certain trajectory will consist of a 

set of periodic real-time tasks which will use the 

SRP scheduling algorithm [14]. However not all 

tasks in the system are periodic and therefore can be 

changed at any time to meet the needs of the 

microcontroller in the system [14]. Future plans for 

this real time system include installing it on an 

aircraft model for fire monitoring  and fire detection 

for later installation into an actual UAV system 

[14].  

 

5. Conclusion 

 

 From the sources chosen it was evident that real 

time systems can be seen to be used everywhere in 

the avionics industry. Not only were common 

scheduling algorithms such as Rate Monotonic,  

EDF, and SRP used in airplanes, helicopters, UAVs, 

and many more but it was also clear to see that 

without RTS systems flight controls, flight 

trajectories, autopilot, and many more functions 

could not be carried out without their use to perform 

periodic and non-periodic tasks and ensure proper 

safety for users and are of a great importance for 

aircraft use.  
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