MULTI TASKI NG W TH SMALL AVR s

Strawberries and Chocol ate on a budget of Peanuts.
ATMEL/ CI RCUI T CELLAR CONTEST ENTRY A3650
ABSTRACT

Mul titasking and enbedded systens go together |ike strawberries and chocol ate.
Even the sinplest systens usually have a basic formof nultitasking in that
interrupts are used to alter the flow of a single background program (often
call ed a "foreground-background" system herein called fbRTCS.)

As prograns get nore conplicated a sinple fbRTOS schenme usually starts to get
difficult to programand naintain. Some sort of real-tinme operating system
(RTOS) is needed in order to programin a nore structured and nai ntai nabl e
manner .

A full-blown preenptive nulti-stack (pnmRTOS) is conmonly used with |arge
enbedded systens projects, and there are quite a few comercial vendors of such
operating systens. However, any pnRTOS has RAM requirenents that put it beyond

t he bounds of sinple mcroconmputers with linted RAM This project describes and
denonstrates a cooperative single-stack RTOS (csRTOS) that will run on the
snmal | est AVR mcroconputers that have RAM The denp code runs on an ATMEL AVR
9054433 that has only 128 bytes of RAM The csRTOS can be easily nodified to
work with other AVR processors.

A pnRTOS can switch tasks in response to interrupts that make a higher priority
task ready to run (or, rather, ready to resune). Wth a cooperative RTCS, task
swi tching only occurs when a task makes an operating system service request, and
it is therefore necessary to insure that such requests are made often enough to
insure that the systemrealtine response requirenments are nmet. Experience shows
that this is often very easy to do.

The csRTOS project was devel oped using the free WnAVR conpiler, and has been
ported to and tested with the Codevision and | magecraft conpilers. A snall
amount of assenbly | anguage code is required, and it varies slightly from
conpiler to conpiler. The project docunentation contains instructions for
porting to your fAVRoite conpiler.

The denonstration project runs on the ATMEL STK-200 eval uation board, but could
be very easily ported to one of the | ater evaluation boards such as the STK-500
or Butterfly. The basic functionality of the project was designed to show the
use of the csRTOS, with several tasks and one semaphore controlling access to a
shared resourse. The denp is a useful exanple for users who wish to use the
CSRTOS in their own projects. It would al so be a good exanple to use for
instructional or tutorial purposes. The conplete csRTOS and denobnstration

proj ect code and docunentation will be posted on the Circuit Cellar web site for
unrestricted use by anyone.

The project denp has the followi ng functionality:

1) Keep track of the tine of day and blink an LED at a 2 Hz rate using the 4 MHz
clock as an "exact" tinmer (limted only by the crystal oscillator accuracy).

2) Blink an LED at approximately a 2 Hz rate, using the basic csRTOS tinmer ticks
that occur at a frequency of approximately 49 Hz. This task is used to
denonstrate a very small and sinple csRTOS task



3) Blink an LED at a randomrate. The code includes a very nice psuedo-random
nunber generator that has good statistical properties and does not require
multiply or divide instructions.

4) Measure the AT90S4433 band gap voltage at periodic intervals.

5) Monitor switch inputs to set the tine of day.

6) Periodically display the tine of day and the bandgap voltage on a seria
termnal or termnal enulator (this denonstrates the use of a senmphore for
access to the termnal, a shared resource).

BLOCK DI AGRAM
Each function is encapsulated in a separate task (except for the first, which is

coded in an interrupt service routine). The bl ock di agram shows how t he tasks
are interconnected with semaphores and shared vari abl es.
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SCHEMATI C

The denonstration code was devel oped using the STK-200 devel opment board (which
has been replaced by the STK-500.) In order to clearly present the hardware
actually used in the denpb, the schematic bel ow shows only the parts of the STK-
200 that are needed for the denp to run. The circuit bel ow coul d be duplicated
and used, but the focus of the project is the csRTOS software which users m ght
like to incorporate into their own projects. In the event that a reader m ght
like to build a denp board, it is suggested that the AVR MEGA-8 part be used

i nstead of the AVR 4433, which is not recommended for new designs.
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PRQIECT PHOTO

Note that the essence of this contest entry is a very useful real-tine operating
system software techni que for devel opi ng enmbedded systems using small AVR parts.
No hardware was built for the project — the demb code was devel oped using the
STK- 200 devel opnent board, shown bel ow.




SCFTWARE SAMPLE CODE

The functions required by a particul ar AVR enbedded system project are broken
down into distinct tasks which are largely independent of other tasks. Here is
an exanple that shows a sinple task that blinks an LED. An operating systemcall
is used to control the on and off tinme of the LED. Other tasks are able to run
during the waiting interval.

voi d blinkTask(void) { /1 Just about the sinplest possible task.
OSTASK_I NI'T;
for(;;) {
PORTB &= ! 0x01; /1 Turn on the LED on PORTB. 0
osWAI T( 15) ; /1 Suspend this task for about 0.3 seconds
PORTB | = 0x01; /1 Turn off the LED on PORTB.O
osWAI T( 85) ; /1 Wit about 1.7 secs
}
}
SUMVARY

CSRTOS is a cooperative real -time operating systemfor AVR nicros having smal |
RAM Even the ATtinyl3 with only 64 bytes of RAM can use csRTOS. A denonstration
programwith 5 tasks using the AT90S4433 (with 128 bytes of RAM npbst of which
are not used in the denp) is shown as an exanple. Conplete source code is

i ncl uded, and may be freely used without restriction.
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