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T
he operating system is a computer’s core
software. It manages all of the computer’s
other software programs. Everyone is famil-
iar with PC operating systems. They are
large, feature-rich and prone to crash when

overstressed. But a PC typically works in a home or
office environment. If the system slows to a crawl or

occasionally crashes and must be rebooted, it is irri-
tating but no catastrophe. 

But computers flying airplanes or releasing
weapons have to be extremely reliable. At the soft-
ware level, this calls for government-approved and
standards-based real-time operating systems
(RTOSes). RTOSes are employed widely, not just in
the military/aerospace sector, but across the board in
must-not-fail telecom, medical and automotive
equipment. 

For many years individual companies developed
their own operating systems, which were used in
their own products. “Proprietary” operating systems,
optimized for particular applications, are still being
developed and used today. But increasingly, systems
developers are looking for commercial solutions that
are created, maintained and supported by informa-
tion technology specialists, freeing higher-level
designers to focus on the applications instead. 

The demand for commercially supported soft-
ware RTOSes and tools is substantial and growing. In
2002, the worldwide market for commercial RTOSes
and associated software tools, exclusive of mainte-
nance and consulting work, was $675 million.  The
market is expected to grow to $914 million in 2007,
according to the analyst group Gartner Dataquest. 

Unlike a desktop operating system, an RTOS is
far smaller in size, more modular in structure and
focused on the most essential functions, explains
Daya Nadamuni, principal analyst with Gartner
Dataquest. There is no need for an RTOS to include
programming interfaces to the hundreds of popular

software packages that desktop operating systems
must provide.

In “hard” real-time applications, such as aero-
space, the RTOS must be particularly compact. The
core, or kernel, may feature only essential functions
such as memory management and time scheduler
support. It must respond to requests for service with-
in guaranteed time windows, often measured in mil-
lionths of a second. “Hard freezes are not acceptable
in embedded operating systems,” Nadamuni says. 

“ Hard freezes are not acceptable in  

embedded operating systems.”
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For long-term success in the government market, real-time
operating systems need to be versatile, safe, secure and
supportable. 
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Key COTS RTOS Attributes:
➤ Versatility—applicable to multiple systems; 
➤ Safety—compliant to the DO-178B standard;
➤ Security—able to separate multiple levels of

data; and
➤ Supportability—maintained and enhanced by

specialist companies.



R
eal-time operating systems (RTOSes) play a crucial
role in avionics computers across the spectrum of
aviation—from small, private aircraft to the most
advanced airliners and military jets. This complex
software controls the running of safety-critical func-

tions that keep airplanes aloft, guide them along their intended
flight paths and “paint” the cockpit displays. For military aircraft,
the software also manages mission-critical functions like evading
attack and releasing weapons.

Speed and Predictability
A key feature of an RTOS is its ability to meet tight processing
deadlines. An application program controlling the release of a
weapon may require an action from the operating system in less
than one-thousandth of a second. The deadlines for servicing
flight control functions are measured in millionths of a second.
The operating system must perform predictably, with guaranteed
response times, in this “hard” real-time environment, despite the
frequent occurrence of unscheduled demands for services.

Notwithstanding the trend toward greater integration of avion-
ics functions, most aircraft still contain many different comput-
ers, provided with different operating systems. The next-genera-
tion Airbus 380 super jumbo airliner, for example, will use at least
four companies’ RTOS products, and probably more. Even a sin-
gle computer—such as the mission computer planned for the U.S.

4 Avionics Magazine

Commercial real-
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systems are proving

their value across 

a wide range of 

aircraft types and

avionics systems. 

Commercial RTOSes’
Broad Appeal
A  c r u c i a l  r o l e  a c r o s s  

t h e  a v i a t i o n  s p e c t r u m



military’s new Joint Strike Fighter—can
host more than one “embedded” RTOS.

RTOS Examples
Over the past decade the U.S. government
has stressed the use of commercial off-the-
shelf (COTS) technologies in order to con-
trol costs and simplify logistics. Commer-
cial technologies, the thinking goes, have
been employed and tested by more users
across a wider range of industries than have
their “proprietary” counterparts. Commer-
cial real-time operating systems have
proved themselves in various industries and
are being adopted by avionics manufactur-
ers as well. Among the key suppliers of
COTS RTOSes are Green Hills Software,
LynuxWorks and Wind River Systems.
Green Hills Software’s INTEGRITY-178B
and INTEGRITY RTOSes are being used
or designed into military bombers, fighters
and unmanned air vehicles, as well as civil-
ian helicopters and airliners. 

INTEGRITY-178B is a fairly new com-
mercial RTOS, an evolution of the original
INTEGRITY product released in 1997.
Introduced in 2000, INTEGRITY-178B is
one of the first commercial products to
comply with a standardized approach to
partitioning. This key feature enables the
RTOS to safely orchestrate the demands of
multiple application programs sharing a
single set of hardware resources. Partition-
ing involves dividing processing tasks in
time and in space so that the programs can
coexist safely on a single computer. ARINC
653 is the specification that standardizes
partitioning for aerospace RTOSes. 

The U.S. Air Force’s B-1B program
adopted the original INTEGRITY RTOS in
1997 as part of a project to convert the
bomber from a nuclear to a conventional
warfighting role. The B-1B prime contrac-
tor, Boeing, may move to newer versions of
the Green Hills operating system in a fur-
ther avionics upgrade. Lockheed Martin’s
new F-16E/F, Block 60, fighter aircraft uses
INTEGRITY to power its mission and dis-
play computers as part of a move towards

commonal i ty  of  sof tware  tools  and
resources within the company. And Siko-
rsky’s new medium-lift helicopter, the S-92,
uses INTEGRITY-178B as part of its
Avionics Management System (AMS).

B-1B Lancer
As part of the B-1B’s conversion to a con-
ventional role, Boeing replaced the six
Avionics Flight Software (AFS) computers
responsible for flight control, cockpit dis-
plays, terrain following, radar control, navi-
gation, self-defense management and
weapons delivery. Faster hardware and
more sophisticated software allowed all of
the applications programs to be run in a
smaller “footprint” on the aircraft. At this
time Boeing also adopted the INTEGRITY
RTOS as part of a move to commercial
technology.

The software applications described
above reside in two active computers. Two
additional computers
serve as backup. The first
c o m p u t e r  h o s t s  t h e
flight-critical, terrain-
following applications
code.  The remaining
applications reside in one
card in the second com-
puter. Both computers
a n d  t h e i r  b a c k u p s
include a second proces-
sor card to al low for
future enhancements.

Because of key, real-
time interaction between
the B-1B software appli-
cat ions—required to
ensure precision weapon
del ivery and cr i t ica l
flight controls—as well
as current applications
structuring, engineers
now must retest existing code when new
software is added. This is to assure that
existing functions have not been changed,
explains Nancy Anderson, Boeing’s B-1/B-
2 senior site engineering manager.

AFS Partitioning Prototype
The government has funded Boeing to
develop a proof-of-concept software parti-
tioning architecture prototype that provides
greater protection against the effects of
changes. One aim of the project is to show
that when changes are made the amount of
retesting can be reduced to support quick-
reaction turnarounds. 

Changes are anticipated for the B-1B, as

it adapts to priorities, such as “network-
centric warfare” and new rules for flying in
civil-controlled airspace. “But the immedi-
ate need is to be an important and integral
part of the global warfighting network,”
Anderson says. 

The Global Air Traffic Management
(GATM) program—for making military
aircraft compliant with civil ATM rules—
“requires navigation software to be DO-
178B-certif ied,” Anderson notes. (DO-
178B is the primary safety-software devel-
opment standard used in both commercial
and military aviation.) “Dividing the appli-
cations and upgrading to INTEGRITY-
178B will be one step along the way to
ensuring the B-1B meets GATM require-
ments,” Anderson says.

The prototype effort involves some
restructuring of existing applications pro-
grams to distribute and execute applica-
tions on both cards in the computer. The

restructuring also will position future appli-
cations to take advantage of operating sys-
tem features, such as partitioning. In the
prototype architecture the memory parti-
tioning and memory access control provid-
ed by the memory management unit
(MMU) would be enforced by the commer-
cial RTOS. “The beauty of partitioning is
that we can make modifications in one par-
tition and not have to ‘regression-test’ the
others because partition protection is in
place,” explains Devron Hanks, Boeing’s
B-1B AFS system architect.

In the prototype project, Boeing soft-
ware engineers will “split up” the applica-
tions software, Hanks says. Programmers,
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Green Hills RTOS Design-Ins
Airbus 380
B-1B
B-52
F-16E/F, Block 60
F/A-22
F-35 Joint Strike Fighter
S-92

Green Hills RTOSes support processing for the panel 
displays and head-up display of the F-16E/F, Block 60.




