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Motivation

The Dorado class of vehicles are meant to be easily transformed and reconfigured to meet the needs of scientists for real science missions and engineers for developing innovative features. As of the end of 2001 we have a good idea of what configurations these vehicles will run in for the next year, but we need to make sure the communications architecture allows for future sensor payloads. This study is important because the trade-offs between wires, volume, buoyancy, power, bandwidth, future upgrades in protocol and speed will determine the communications architecture. Currently the ALTEX vehicle employs both straight RS-232 and 10 Base-T communications that run along a set of 13 twisted pairs of wire.

Physical Layer

The AUV is broken up into several sections including a nose, mid-body(s), and tail. The power and comms are transmitted between the sections with copper wires soldered to connectors. Therefore it is important that the communications be able to run on a minimum number of copper wires in a potentially noisy environment with multiple connectors. There are four real candidates for the electrical specification that will run on twisted pair copper: 1) 10 Base-T Ethernet, 2) CAN 2.0B, 3) LonTalk, and 4) RS-xxx. CAN and LonTalk are attractive since they are multi-drop busses with CSMA-CD support. Any of the RS-232/485/422 serial protocols are not easily reconfigurable, and they generally only connect to one device or one manufacturer’s family of devices. Ethernet is attractive because it is fast, but it requires hubs to fan out to multiple nodes.

Data Link Layer

The AUV will have sensors that stream data out of their ports without being polled. It is necessary to ensure that multiple nodes can be seen as master’s on the bus and that some kind of CSMA-CD is adhered to. CAN implements a priority mechanism here. Ethernet runs at 10, 100, and 1000 Mbps, whereas CAN and LonTalk run around 1 Mbps. RS-xxx devices are limited to 115Kbps or less. It is easy to imagine upgrading a 10 Mbps Ethernet network to 100 Mbps in the future when the hubs become reasonable in terms of power and space consumption. Most Ethernet networks can always talk to slower devices if necessary.

Network/Transport Layers

CANOpen and LonWorks have very dedicated uses in automotive, building, and industrial automation industries. With that in mind the data payloads were specified to only handle small packet sizes (8 bytes for CANOpen). They were not designed to transfer high bandwidth data or to tunnel TCP/IP or other streaming serial data, but it is possible to do so. TCP/IP on the other hand was designed to transfer just about any kind of data. The overhead is high in terms of bandwidth and processing cycles, so it is best at large packet transfers. 

Application Layer

TCP/IP has tons of implementations on many different platforms of hardware and OSes. CANOpen has 3rd party support with systems such as the CANalyzer.
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Ethernet
CAN
LonTalk
RS-232/485

Speed Today
10 Mbps
1.0 Mbps
1.25 Mbps
0.1 Mbps

Upgradable To
100/1000 Mbps
?
?
0.2/1.5 Mbps

Software Drivers
Exist on all platforms
Can get source code
?
Exist on all platforms

Protocol Debug
Etherpeek
CANalyzer
N/A
Serial Tester

CSMA-CD
Yes
Yes & priority
Yes
No

Industry Support
Very Large
Large
Small
Huge

Hardware Support #prods
O(100)
O(10)
O(1)
O(1000)

Utilities
Ping,telnet,redirector
?
?
Hyperterm,qtalk

Xtra HW
Hubs, RAM, uOS
uProc
Module
None

Power Require/Device
O(1000mW)
O(10mW)
O(100mW)
O(10mW)

Cost
O($100)
O($10)
O($100)
O($1)

Risk
Not much
Some
Most
None

Isolation
X-former
Optical
X-former
Optical

Encoding
Manchester
NRZ
Manchester
NRZ

Network Topology
Point-to-Point,Star
Multidrop
Star,Multidrop
P-2-P,Multidrop

Failure Modes
Distributed
Single-Point
Single-Point
Distributed, SP

Time to Implement
Couple of weeks
Few months
Couple of months
Couple of days

Size
Big, but we can design our own PCBs
Small, design our own PCBs
Big, may have to use all COTS
Tiniest, N/A
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Bottom Line for Ethernet

With the ALTEX vehicle, we proved that tunneling RS-232 communications over Ethernet is a viable solution. It did not take long to build the hardware to make this possible, and we invested weeks into getting all of the bugs out of the software. Many manufacturers make Ethernet hub chips so we could design our own hubs according to our size constraints. Each hub could support in/out ports and 6 Ethernet devices for only 1W. The Cobox-Micro from Lantronix supports 2 RS-232 devices from one Ethernet drop at 1W. In the future, manufacturers may have advanced chipsets that give 100Mbps connectivity at a relatively low power rating and complexity level. Most PC/104 CPU boards include a 10/100 Mbps Ethernet interface.

The ALTEX vehicle requires Ethernet for Fuel Cell communications, and the Reson sonar also requires it. The ALTEX vehicle was also designed to use Ethernet to communcate with the science sensor payload.

Bottom Line for CAN

The automotive industry has been using CAN for almost two decades. Many microcontrollers and standalone chipsets are available with CAN interfaces. At 1.0Mbps most of the sensor payloads on the vehicle could use this bus to send their data to the MVC.  There are even serial tunneling protocols created to seamlessly integrate existing devices onto a CAN bus. Some PC/104 CPU boards include a CAN interface. The Maridan AUV uses CAN.

Bottom Line for LonTalk

LonTalk was designed in 1988 by Echelon in Palo Alto. It uses a proprietary protocol called LonWorks. Not many manufactures make products that use the LanTalk bus that we could use in AUVs. It was meant to be put in building automation/HVAC control systems. While the speed and data packets are similar to CAN, it doesn’t quite have the support from industry that CAN has. A separate board would be needed in the PC/104 stack to support this interface. The FAU AUV and Autosub use LonTalk.

Bottom Line for RS-232/485

We know it works, but it takes too much copper and too many hardware serial ports at the MVC to use it for most Dorado payloads. We will always have RS-232 on the MVC stack to talk to sensors inside of the MVC sphere. The only reason to extend from there is if we had a high bandwidth navigation sensor outside of the sphere that would need to interface to the MVC.

Most sensor payloads will require an RS-232 interface, so a data concentrated network topology like Ethernet or CAN will need to provide the appropriate converters.

Bottom Line for Dorado

We want to minimize the number of wires in the communications bus running down the length of the vehicle. Ethernet is a requirement because we have payloads that require it (ALTEX, Reson Sonar, FuelCell). That takes up 2 twisted pairs. While the entire vehicle could be run off of Ethernet, the power requirements would go up quickly. It does not make sense to run a low bandwidth voltage sensor over Ethernet when the data payload is only a few bytes per packet. This leads us to start an investigation into a lower power bussed protocol. CAN seems to make the most sense at this point in time based on the hardware and software support. That takes up another twisted pair, plus 1 wire for a common ground reference. The total number of conductors is now 7.

If we throw in the number of conductors for the power bus as 2 pairs of 14 gauge wire, we can find a perfect connector out of the SeaCon catalog with 4 14awg power pins and 8 20awg signal pins.

Looking in the past at the integration efforts for the Octans and Kearfott, we learned that having a few spare wires in the J-Box, which essentially fed into the MVC sphere, was a good thing. Integration time was very small because no new penetrators needed to be put into the sphere. This leads to the conclusion that a prototyping test cable should exist coming out of the MVC sphere to connect unknown equipment. A Seacon pie connector with 6 pieces makes a good choice, since each piece can have its own whip or dummy.
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