ABSTRACT

The Portland State Aerospace Society is currently working up the avionics for our next generation rocket.  We first needed to decide what the Fight computer would look like.  The choices were RTLinux, RTOS-UH, and QNX on Motorola MPC 555 chip.  However, availability was the deciding factor.  The Flight Computer will be an AMD Pentium clone running RTLinux on top of Linux.

Background

The Portland State Aerospace society is a student group affiliated with the IEEE at PSU.  The goal of the PSAS is to develop a sophisticated avionics system for high powered amateur rocketry.  To further this goal we have already built two rockets  (LV0 and LV1) and are currently constructing LV2.  The Avionics for LV0 and LV1 were quite simple inertial measurement units, so the next step is to build an inertial guidance system controlled by a microprocessor.

The Avionics on LV2 will be consist of a single large microprocessor controlling several small microcontrollers over the CAN (Controller Area network) bus (1).  Initially the large microprocessor was to be the Motorola MPC 555 chip.  Based on the PowerPC architecture, this processor also provided a floating-point math capability, and supported the CAN bus.

The Operating System


The microprocessor will need a real time operating system.  Usually computers complete their tasks as they have the processor power to do so.  Some tasks will take longer than others.  But some tasks (like activating a rocket's recovery parachute) must occur at a specific time.  A real time operating system allows tasks to be tied to a specific time.

Research was conducted in March of 2001 to find candidate real time operating systems.  We were looking for an operating system that would run on the Motorola processor we had chosen and was free or inexpensive.  The three candidates were RTLinux, RTOS-UH, and QNX. 

RTLinux (2) is based on the popular Linux operating system.  RTLinux runs as the topmost thread or program on the processor, and runs a full Linux operating system with spare processor cycles.  The advantages to RTLinux were its familiarity to our developers, its flexibility, and the availability of RTLinux as an Open Source operating system (3).  The primary disadvantage was that RTLinux and Linux were not available the Motorola MPC 555 processor yet.

RTOS-UH (4) is a real time operating system developed at the University of Hanover in Germany.  RTOS-UH is extensively used in the German auto industry.  The advantage of RTOS UH was its availability as a zero cost solution.  However, most of the documentation was in German. 


QNX (5) is a real time adaptation of the Unix operating system.  This would share the advantage of familiarity with the developers with Linux.  However, unlike Linux, QNX is not open source.  Rather it is proprietary, and we would not be able to customize QNX for our use.  A further disadvantage was the cost, and lack of any educational discount for our particular needs.

After much thought, the Avionics Team chose to reject QNX for its cost and closed source license.  RTOS-UH was also rejected due to its using a pascal-like syntax that some of the team's developers were not comfortable with.


The decision was to call RTLinux up and see if they could port the RTLinux software to the MPC 555 processor.  RTLinux agreed, but asked that PSAS provide a Linux port to the MPC 555.  Reluctantly we decided to do this.

Epilog

Before the deal with RTLinux could be finalized, new hardware came available.  The Avionics team decided to switch to a product called the CANmegaBox.  This device was a single board computer built around an AMD Elan processor.  This new board carries CAN support, floating point math support, Intel x86 compatible architecture, and was sized right for us to physically fit into the body of LV2.  Even better for our purposes, Linux and RTLinux are already supported on the Elan processor.  With the CANmegaBox we will have a full Linux operating system, RTLinux, and enough processor power to handle the complex computations required of our inertial guidance system.

Notes

1.   http://www.ee.pdx.edu/~aess/Resources/TechPapers/lv2_avionics_design.pdf

2.   http://rtlinux.org/

3. Open source (or Free) software is described well by this quote from the Free Software Foundation.  "A program is free software if users have all of these freedoms. Thus, you should be free to redistribute copies, either with or without modifications, either gratis or

charging a fee for distribution, to anyone anywhere. Being free to do these things means (among other things) that you do not have to ask or pay for permission. "

http://www.fsf.org/philosophy/free-sw.html

4.   http://www.irt.uni-hannover.de/rtos/rtos-gb.html

5.   http://www.qnx.com/

