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I. INTRODUCTION
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II. Ship/Shore/Dock/Vehicle Network
The docking network is all Ethernet based.  The vehicle’s Ethernet network is a combination of a bus and star topology with terminal servers and a PC-104 stack attached to the network.  The dock uses a star topology with terminal servers providing access the serial devices used on the dock and a IQinvision IQeye 302 2 Megapixel IP camera.  The link between the vehicle and the dock is a standard 802.11g bridge.  The link from the dock to shore is run over fiber optics as part of the Naval Postgraduate School’s (NPS) Monterey Inner Shelf Observatory (MISO) installation.  MISO is connected to the Internet via NPS’s firewall.  Ethernet communications between the support ship and the vehicle are built on a 900 MHz Freewave Ethernet bridge and the ship’s network is also Ethernet based.  Communications from shore to vehicle, when the ship was not used, was also based on Freewave Ethernet bridge, set up in a point-to-multipoint configuration.  
The network’s IP address scheme became a more complex problem than originally anticipated.  The original plan was to use a private IP address pool for the dock and vehicle, using network address translation (NAT) to allow external access to the various devices.  This would allow a complete disassociation from the other IP address pools, specifically NPS/MISO, MBARI shore and MBARI ship.  
Since the vehicle had already been configured for use with MBARI’s ship/shore network, and the MISO routers wouldn’t route private IPs, it became a simpler solution to make the main vehicle computer (MVC) multihomed.  NPS IP addresses were assigned to the shore and dock components, as well as the vehicle’s wireless access point (WAP), FAU terminal server, and MVC.  MBARI IP addresses were assigned to the other components in the vehicle and an additional MBARI IP address was assigned to the MVC.  This IP address scheme provided consistent communications to the various components of the system while minimizing reconfiguration to the NPS and MBARI networks.  

This IP address scheme was problematic when debugging the system at MBARI, and MBARI IP addresses were assigned to the components during that test period.  

The shore-side server is a rack-mounted Pentium 4 650 running at 3.4 GHz with 1 GB of 800MHz DDR2 memory, a 500 GB SATA hard drive, a Gigabit LAN card and a DVDRW.  The server was used to archive the IP camera’s video and provide local and remote telnet and ssh access to the vehicle’s MVC and system terminal servers.  The server was accessible from MBARI’s network which allowed remote access to the vehicle.  
III. Inductive Power Transfer

The docked vehicle’s batteries were recharged using an inductive power link between the dock and vehicle.  The main portion of the inductive power transfer subsystem was developed at Florida Atlantic University (FAU) under a grant from the Office of Naval Research (ONR) [1].  It was adapted for use on the NPS MISO cable by placing a Vicor DC:DC converter to convert from the +300VDC coming from the MISO cable to the +48VDC required by the FAU module.  The other modification involved firmware changes to redefine what devices were turned on during various stages of the docking process.  Also, since the unit does not generate +12VDC, another Vicor DC:DC converter was added to the housing to generate that voltage.  
The inductive power transfer subsystem is composed of two assemblies, one for the dock and another for the vehicle.  The dock assembly has a primary transformer probe that is inserted into the vehicle’s secondary transformer socket.  The two assemblies are housed in an aluminum pressure vessel rated for 300m.  Each assembly has a custom DC:DC conversion  and control board that allows various subcomponents to be turned off and on via a serial ASCII user interface.  The boards also have a PC-104 stack socket, which was used to power a Parvus Ethernet switch.  Communications with the board were enabled by a Cobox Micro Ethernet to serial converter on a custom carier board developed at MBARI.  The units require only power and Ethernet as interfaces.  
While deployed at sea, the power transfer was briefly tested over a period of 10 minutes to charge the vehicle’s battery.  Measurements on shore showed 416W delivered from shore, and measurements on the vehicle showed a total of 61.5 kJ were transferred into the vehicle’s battery during the charging process.  During the charging process, the efficiency of the inductive units was 77% with an overall power system efficiency of 48%.  In order to improve the overall power system efficiency, the dock-side DC-DC converter would need to be redesigned to run directly off of the shore voltage (i.e. 300VDC).  
The shore-side power was supplied by a Xantrex XFR600-2-RS-232-XFR1 1200W power supply which was backed up by an APC SUA1000RM2U uninterruptible power supply (UPS).  The UPS provides enough backup capability to allow the shore-side server to notify the MVC that shore-side power is going down even while charging batteries.  The notification was deemed a more reliable solution than simply having the power shut off while charging batteries.  
The system is built so that the vehicle can be completely shut off while in the dock.  This power-saving feature was tested at sea.  The vehicle is restarted by applying power first to the vehicle’s FAU inductive unit, which is then told to provide power to the vehicle’s power bus.  After the vehicle’s MVC has booted, communications can then be reestablished between the MVC and shore-side server via the wireless communications link.  

IV. Wireless Communications Link
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When the vehicle is in the dock, an operator on shore can talk to the vehicle through a high-speed wireless communications link [2].  The link was developed to provide a 10 Mbps data path across a 6.35 cm seawater gap.  It is based on IEEE 802.11 and is fully compatible with the Ethernet network used throughout the vehicle and dock.  The full specifications for the link are shown in Table I, and it is fully discussed in [2].  
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Table I


Deploye d System Performance Specifications


�
�
�
Protocol�
802.11g�
�
Transmission Frequency�
2.4 GHz�
�
RF Power�
1W�
�
Antenna�
0.22 λair whip�
�
RF Link Margin�
21.7 dB�
�
Through seawater transmission distance�
3.81 cm (deployed)


6.35 cm (demonstrated)�
�
ICMP Trasmission Success Rate�
98.95%�
�
Average ICMP time�
4 ms�
�
Bandwidth�
9.5 Mbps�
�
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