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What is RTOS
Real Time operating System
– These operating system are used where task has 

to be completed in defined time constraints
RTOS are used in Real Time Embedded System 
(RTES)
In RTES if task is not completed in defined time 
then there is no use of it
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Consider an example surface to air missile 
(SAM)

Purpose  was To destroy aircraft or missile
SAM is equipped with target via missile (TVM) guidance 
systemsystem
TVM continuously monitor target
TVM send signal to control unit and control unit do the 
exact (remember exact ) timing calculations 
and fire antimissile to target, calculation 
is highly accurate and antimissile systemis highly accurate and antimissile system 
can hit target even at 70km far away
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Patriot Missile Failure
It happen on February 25, 1991, during the Gulf 
War
American Patriot missile fail to intercept Iraq’s Scud 
missile, and 
Scud struck at American army barracks and kill 28 
soldiers
Actually it was due to software bug
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What was software bug  1/2

Inaccurate calculation of time since boot
System was measuring time in 100 ms, by internal 
clock 

Binary representation of 1/10 =

Value of time was stored in 24 bit fixed point 
register
Obtained value was multiplied by 10 to get 1 sec

y p
0.0001,1001,1001,1001,1001,1001,1001,100...
Storing above value in 24 bits will result in
0.0000000000000000000000011001100... Error
= 0.000000095 in decimal
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What was software bug 2/2

This number was multiplied by 100 hours
0.000000095× 100× 60× 60× 10=0.34
So mistake was 0.34 second in 100 hour
Scud missile speed was 1,676 meters per second
In 0.34 second it traveled 500 meter, which was 
sufficient time for scud to struck on American 
barracks

R fReference
http://www.howstuffworks.com/patriot-missile.htm
http://www.ima.umn.edu/~arnold/disasters/patriot.html
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Conclusion 1/2

Surface to air missile system is the example of 
Safety Critical Real Time System
System is useless ify
– Give incorrect result
– Misses time deadline

Real Time System is meant for 
– Giving correct resultg
– Never ever miss time deadline

8
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Conclusion 2/2

You are free to miss deadline but it could be a 
threat for life
Real Time Embedded System are always y y
important part of Safety critical system
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Soft Real Time and Hard Real Time System 

In hard real time system, deadlines are never 
ever be crossed,
– All critical tasks will be completed in defined p

time limits
Example:
– Missiles, Aircraft Flight Control, Special Robots, 

Medical devices like ventilator etc 

10
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Soft Real Time and Hard Real Time System

But in soft real time system, some critical tasks 
may be delayed, 
but due to this there is no any threat to life 
Example:
– Video Players (24 frames/sec), Internet 

Telephony etc
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Hard Real Time System ! Difficult story

Should we use Hard Real Time or Soft Real Time 
System ?
This all depends on requirementp q
Hard real time system are very difficult to handle
So, if there is not such need, then avoid

12
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RTOS Available in Market 
Different RTOS are available in market
– Proprietary

• Property of a organization

• You have to pay for it

• Mostly closed source

• But for sometime Source code can also be available for extra 
payment

– Freeware
De eloped b either comm nit or b organi ation
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• Developed by either community or by organization

• Most of the time open source

• Most of the open source code software are free

Proprietary RTOS
Montavista Linux
http://www.mvista.com/
VxWorks
http://www.windriver.com/
Threadx
http://www.rtos.com/
QNX
http://www qnx com/http://www.qnx.com/ 
uC/OS – II
http://www.micrium.com
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Open Source and Freeware RTOS
Embedded Linux
– Linux with RTAI Library

https://www.rtai.org/

– OSADL  Realtime Linux
http://www.osadl.org

– uCLinux
http://www.uclinux.org/

FreeRTOS
http://www.freertos.org

ECOS
http://ecos.sourceware.org/
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Open Source and Freeware RTOS
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Open Source and Freeware RTOS
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RTOS Market Survey 

20

10



RTOS ProgrammingRTOS Programming

http://imbuent.com/ http://www.embeddedcraft.org/

When to use RTOS
Depends on application requirement
– Need of multitasking 
– Need to decide priority of taskp y

21

Example of a Real Time System
Consider a real-time system comprised of three motors and 
three switches. 
The switches have two positions, ON and OFF. 
The switches must be scanned at about 10 times perThe switches must be scanned at about 10 times per 
second, 
and the motors turned on or off as appropriate. 

S1                  S2 S3

M1                  M2 M3
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Example of a Real Time System
0       100      200       300       400      500       600        700      800         900       1000  msecs
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0       100      200       300       400      500       600        700      800         900       1000  msecs

Example of a Real Time System
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void main(void) 
{ 
int i; 
while(1) 
{

Example of a Real Time System

{ 
for (i= 0; i < 3; i++ ) 
{ 
if (switchChanged(i)) 
changeMotor(i); 
} 

}
}

S1                  S2 S3

}

M1                  M2 M3
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Example of a Real Time System
void main(void) 
{ 

while(1)
{ 
if (OneTenthSecondIsUp)if (OneTenthSecondIsUp) 
{ 

for (i= 0; i < 3; i++ ) 
{ 

if (switchChanged(i)) 
changeMotor(i); 

} 
OneTenthSecondIsUp = 0; 

S1             S2 S3
p ;

} 
} . M1               M2 M3

26
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Adding one sensor
Let a pressure gage must be checked every 50 
milliseconds 
A valve opened if the pressure is greater than 100 
psi. 
Once opened, the valve must be closed after the 
pressure drops below 90 psi. 

S1                  S2 S3

M1                  M2 M3
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Example System
0       100      200       300       400      500       600        700      800         900       1000  msecs

50     150       250       350       450      550       650        750      850         950  1000  msecs 28
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Example System
0       100      200       300       400      500       600        700      800         900       1000  msecs

50     150       250       350       450      550       650        750      850         950  1000  msecs 29

if (FiftyMsIsUp) 
{ 

switch (valveState) 
{ 

case CLOSED: 

Example

if (pressure() > 100) 
{ 

openValve(); 
valveState = OPEN; 

} 
break; 
case OPEN: 
if (pressure() < 90)

S1                  S2 S3

if (pressure() < 90) 
{ 

closeValve(); 
valveState = CLOSED; 

}     } 
FiftyMsIsUp = 0;  } 

M1                  M2 M3

30
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Let us add datagrams (data packets)
Assume that the system is connected to a network 
and that incoming datagrams must be processed. 
This could be handled by adding yet another y g y
function call to the loop.
checkDatagrams();  

S1                  S2 S3

DATA

M1                  M2 M3
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Example System
0       100      200       300       400      500       600        700      800         900       1000  msecs

50     150       250       350       450      550       650        750      850         950  1000  msecs 32

16



RTOS ProgrammingRTOS Programming

http://imbuent.com/ http://www.embeddedcraft.org/

Let us handle datagrams (data packets)

if the function checkDataGrams is not called at a sufficient rate, 

datagrams can be lost. 
In order to avoid this, 
a queue must be created so that when the interrupt service routine fora queue must be created so that when the interrupt service routine for 
incoming datagrams is entered
, the datagram is placed into a queue for processing by the function 
checkDatagrams. . 

S1                  S2 S3
DATA

M1                  M2 M3
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Final code for our system…

Void main()
{
While(1)
{ {
checkMotorSwitches(); 
checkPressure(); 
checkDatagrams();
} 
}

S1                  S2 S3

DATA

M1                  M2 M3

34
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Final code for our system: Drawback…
There are no priorities
Busy waiting should not there
And more responsibility (e.g. timer management) is p y ( g g )
put on the programmer. 
User has to manage queue
Priority to task is not given
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RTOS Solution…
Three tasks 

First Task ------------

Second Task ---------------

Third Task

void checkDatagrams(void) 
{ 
typeMsg * msg; 
while (TRUE) 
{ 

msg = waitMsg(DATA_GRAM); 
processDataGram(msg); 
freeMsg(msg); 

} 
} 36
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RTOS Solution (Ex: Embedded Linux with 
RTAI Support 

#include <rtai_sched.h>

Void main()
{

RT_TASK *motor; /*declare motor task*/
RT_TASK *pressure; /*declare motor pressure*/
RT_TASK *datagram; /*declare motor datagram*/

rt_task_init ( &motor,checkMotorSwitches , 0, 512/*stacksize*., 1/*priority*/, 0, 0);
rt_task_init ( &pressure, checkPressure,     0, 512, 2, 0, 0);
rt_task_init ( &datagram, checkPressure,    0, 512, 3, 0, 0);

}}
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RTOS Solution (Ex: Embedded Linux with 
RTAI and POSIX

#include <pthread.h>

struct sched_param {     int sched_priority;     /* Scheduling priority */      };
void main()
{
pthread_t motor, pressure, datagram;
param.sched_priority = 1; 
pthread_setschedparam(motor, SCHED_FIFO, param);  
param.sched_priority = 2; 
pthread_setschedparam (pressure, SCHED_FIFO, param);
param.sched_priority = 3; 
pthread_setschedparam (datagram, SCHED_FIFO, param);

pthread_create(&motor, NULL, checkMotorSwitches, 0);
pthread_create(&pressure, NULL, checkPressure, 0);
pthread_create(&datagram, NULL, checkPressure, 0);
}

38
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Advantages
1.Busy waiting is eliminated. 
2.Timer management is no longer a concern of the 

programmer. 
3.checkPressure does not have to retain a state 

variable.
4.Queue development and management is no longer a 

concern of the programmer. 
5 Kernel API5.Kernel API
waitMSG() Pause()
freeMSG() rt_task_init()
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RTOS Important Features
Task scheduling is priority based preemptive 
Interrupt latency is almost zero
Kernel should robust (stable)( )
Tasks should be protected
High resolution timer (1 microsecond)
Intertask communication
– Semaphorep
– Mail box
– Shared Memory

40

20



RTOS ProgrammingRTOS Programming

http://imbuent.com/ http://www.embeddedcraft.org/

Where is kernel placed
Kernel resides between user’s application and 
hardware
Application will communicate with kernel through 
API

RTOS KERNEL

USER APPLICATION

41

Hardware

Task Management | IO Management | Memory Management

Conclusion 1/2
Any application can also be designed without RTOS
– But development time will be unpredictable

Using RTOS means we are focusing on our application code,
rest of things like task management scheduling will berest of things like task management , scheduling will be
managed by RTOS
Several middleware's are available with RTOS like
– TCP/IP stack
– USB Stack

G hi St k– Graphic Stack
– Bluetooth Stack

42
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Conclusion 2/2
Companies also offer certifiable kernel !!!
– you need to certify your code if application of 

critical domain
– Avionics, Medical, Industrial etc

RTOS study and learning is a matter of
– Devoting more time
– Having patience
– Getting experience while working
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Our offering
Embedded Linux Training Program
– ARM9 Based Development Board (CS9302)
– Linux kernel 2.6.x
– POSIX Threads and Process
– Accessing Peripherals

• GPIO, USB, Ethernet etc

– Eclipse, GCC ARM tools are used
– Real Time API

Visit to us at
http://www.imbuent.com/trainingelinux.html

44
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Live Demo

Demonstration of Embedded Linux
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Setup

Demonstration of Embedded Linux on SPJ9302 
Board

46
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Reference
Embedded Linux 
.http://www.embeddedcraft.org/elinuxtutorials.html#top

Minicom: Serial Terminal In Linux
h // b dd d f / i i li h l#.http://www.embeddedcraft.org/mincominlinux.html#top
Difference Between Embedded Linux and Desktop linux
.http://www.embeddedcraft.org/embedlinuxdesktoplinux.html

RTOS Presentation Part 1
.http://www.embeddedcraft.org/RTOS%20Part1.pdf

RTOS Presentation Part 2RTOS Presentation Part 2
http://www.embeddedcraft.org/RTOS%20Part2.pdf
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Thank YouThank You

Logos and brand names used in this presentation are belonging to their respected owners. We 
have used them here only for the purpose of information
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