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AUV Software Study
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Motivation

We have a working Main Vehicle Computer (MVC) in the ALTEX vehicle that took many man-hours to develop and debug. This year at least two more MVCs will be assembled for other vehicles here at MBARI. If we are going to change the software architecture and/or operating system, we need to decide now before branching down different paths. Now that DMO will be taking care of the vehicles and helping us to debug them, we need to take their support staff in mind for future upgrades and additions to the software.

Present

What we have today in the ALTEX vehicle is an Ampro 486DX4 PC/104 cpu card running at 133 MHz. It runs QNX 4.25 with software written in C++ executing heavy-weight threads using shared memory for IPCs. The TCP/IP performance from the system is highly unacceptable due mostly to badly written TCP/IP stack code. Licenses are needed to run compilers, networking software, and the photon GUI. They are expensive ($6000/stack), and we ran into a problem with them on the HY-01-03 Arctic expedition where we ran out of licenses. This version of QNX is no longer being supported.

OS Options

There are four good options of OS to use for our future vehicles: QNX 4.25, QNX 6.1, VxWorks 5.4, and Linux 2.4. By far the cheapest and easiest to develop with is out-of-the-box Redhat 7.2 Linux. According to Wayne Linux has the best TCP/IP stack out of the above mentioned OSes. QNX 6.1 has their fancy Q-Net that can run over IP, so the underlying stack has a lot of inefficiencies that allow the extra functionality. Q-Net is nice, but since you can cross develop from Windows or Linux, there is no real need for it with our vehicles. QNX and VxWorks have very small footprints and are meant to run on embedded systems. Linux has an extremely large footprint, but we can live with it since we have a multiGB harddrive and 64MB of RAM. QNX and VxWorks are real-time OSes, but the AUV code does not demonstrate any need for real-time control. Finally QNX 4.25 is the worst option since there are no cross-development tools, and it is no longer supported.

Software Architecture Options

The current architecture uses about 30 heavy-weight processes to capture data from serial devices and save their data to disk and to run the navigation and motion control code. Context switches occur frequently and take up much of the 133 MHz CPU resources. This could be reduced by using light-weight threads found in VxWorks, Linux, and QNX 6.1. 

The object-oriented style is nice for maintainability and implies restrictions on coding style. Although it can be hard for newcomers to understand it, old-timers can help to debug new code easily.

It would be nice if the device drivers (sensor loggers) would run continuously. When a mission is not being run, they would only have to log at a really low rate of maybe 0.1 Hz or 0.0167 Hz. That way one can imagine a UDP stream of data coming out over the wireless network reporting GPS position and battery voltage whenever the AUV is on the surface after a dive.

There is no support for branching or decisions in the mission executioner. It would be nice to switch the mission scripts to a standard language like python or javascript to gain greater control. With a fully featured language one can imagine a more RISC-like architecture such that higher level behaviors are constructed in the script while the underlying vehicle code only needs to know how to interpret simple atomic commands.

Bottom Line

We need to change the OS, and Linux 2.4 is the winner so far. Hans has a copy of the kernel from the Redhat 7.2 distribution running on Dorado hardware. The TCP/IP performance is spectacular, and we already have multiple Linux 2.4 systems in use around the lab.

Switching the scripting language to python is not such a big change, but rewriting the core code to light-weight threads with device drivers running full-time will require significant development time.
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