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Introduction
The CANON
 initiative at MBARI is actively developing new methods of ocean sampling using multiple marine platforms in a complimentary, collaborative network. The platforms consist of AUV’s, gliders, drifters, ships etc.  A major theme of the CANON initiative is to track and sample the chemical and biological evolution of specific water masses over time.

The coordination of daily CANON sampling strategies and the tasking or re-tasking of individual platform assets often depends on interpreting the results of data from platforms that are currently the field. On shore the management task of assimilating data from current assets, making it accessible to interested parties, and providing tools for planning new missions is carried out with the assistance of the Operational Decision Support System or ODSS, a software application currently in development under the umbrella of the CANON initiative.
A major bottleneck in the ability to assimilate data and plan new missions has been the difficulty of getting near real-time data with enough resolution back to shore and available to ODSS from mobile field assets. The dominant cause of this communications bottleneck is that most of the platforms currently used by CANON have not been configured to return significant amounts of data from the field in real time and depend on the SBD message service of the Iridium satellite system. SBD messages are a maximum of 1960 bytes in length and the uplink data rate of 2.4kbs requires that vehicles such as AUV’s are required to spend a long interval on the surface to download any significant amount of data. The cost of data return is also significant, at about $1500 per megabyte. In addition the higher bandwidth radios on some of the platforms have maximum practical ranges at sea of only about 1-2 km.
To address this problem this document examines two questions: 1) What are the appropriate data transport technologies and architecture to provide bidirectional communications to shore for the highly mobile platforms such as used by CANON? 2) Is the Delay Tolerant Network (DTN) protocol the appropriate software service to run on platforms that need to communicate?  
Goals of this study

The goal of this document is to investigate the technical options and overall architecture for installing a communications network for the mobile platforms used in MBARI field research.  It is hoped that the recommendations of this document will provide a template to encourage and guide compatible communications protocol selection and equipment purchases for MBARI’s mobile assets that need to return data to shore in near real time for CANON and other users.
Sources of these requirements
The requirements described in this document are drawn from the following sources:

1.1 The CANON 2011 June experiment plan and discussions of future CANON requirements.
1.2 The plans of the MBARI Autonomy project and the associated Oceanographic Decision Support System (ODSS) supporting CANON initiatives.

1.3 The plans of the Tethys LRAUV project.

Functional requirements for CANON communications

1.4 Simple AUV survey or sampling mission.

In this mission an AUV is launched on a pre-programmed mission. During the course of the mission the AUV surfaces periodically to establish a position fix from GPS. The AUV also reports health and status to the operator using the SBD message service of the Iridium satellite link. At the completion of the mission the AUV notifies the operator via the Iridium satellite link.
1.5 Human interactive AUV survey and/or sampling mission.
In this mission an AUV is launched on a pre-programmed mission. During the course of the mission the AUV surfaces periodically to establish a position fix from GPS (30-60 seconds for a hot fix). During or at the completion of the mission the AUV navigates to less than 1.5 kilometers to a pre-programmed rendezvous waypoint or to a waypoint that is down-linked via SBD message the Iridium satellite link. At the waypoint the AUV establishes a high bandwidth connection using either a FreeWave Ethernet radio connection (current) or an 802.11 WiFi connection (not currently installed on any vehicles) to a network “gateway” that acts as a relay to shore. With a connection made the AUV can upload data and receive new mission tasking commands from the ODSS application through the DTN gateway. 
1.6 Human interactive AUV survey and sampling missions with Dorado, Tethys and vehicles from external collaborations.
In this mission Tethys is launched on a pre-programmed mission to identify and map a feature of interest such as an ocean frontal system. During the course of the mission the Tethys AUV navigates to less than 1.5 kilometers to a pre-programmed rendezvous waypoint or to a waypoint that is down-linked via SBD message using the Iridium satellite link. At the waypoint the Tethys AUV establishes a connection using either a FreeWave Ethernet radio connection (current) or an 802.11 WiFi connection (not currently installed on any vehicles) to a network field “gateway” that acts as a relay to shore. With a connection made the Tethys AUV can upload data and receive new mission tasking commands from the ODSS application through the DTN gateway. The Tethys survey data would be used to rapidly create mission tasking commands to Dorado AUV for high resolution water sampling or other missions and transmitted to the Dorado AUV through either a support vessel gateway or a field gateway. This scenario can be extended to include non-MBARI vehicles from outside collaborators participating in the experiment.
1.7 Surface ship-of-opportunity sampling mission

In this mission a surface vessel, for example the John Martin, performs a sampling mission and the data is linked back to the Shoreside ODSS or other application in real time or near real time. The ship does not have intrinsic communications connectivity. Mission data is transferred via Ethernet connection to MBARI via the public internet and VPN using G3 cellular or satellite modem connections.
1.8 Platform to platform direct communications (coordinated sampling)
In this mission sampling results data or the results of on-board data processing and/or commands would be passed from one AUV to another. The connection would be through a gateway connection or directly from AUV to AUV using the radio or acoustic links. 
Proposed system architecture

Mobile research platform design requirements

1.9 Software

· DTN network stack running on the platform processor that handles communications.

· Convergence layer adapter for 802.11b WiFi radio.
1.10 Hardware

· 802.11b WiFi radio modem with a 2.4 GHz antenna able to provide signal connectivity to reciprocal radio modem and 2 meter high antenna at 1nm range while platform is on the water surface. Maximum sea state TBD.
· Acoustic modem. There is an existing convergence layer adapter for the WHOI micro-modem that is designed for the low overhead. Other acoustic modems could also be specified. (optional) 

Field gateway design requirements

1.11 Software

· DTN network stack running on the platform processor that handles communications.

· Convergence layer adapter for 802.11b WiFi radio.

· Convergence layer adapter for G3 or G4 cellular phone modem.

· Convergence layer adapter for Globalstar MCM-4 or similar satellite modem (for outer Monterey Bay and California coastal operations).
1.12 Hardware

· 802.11b WiFi radio modem with a 2.4 GHz antenna able to provide signal connectivity to reciprocal radio modem and 2 meter high antenna at 1nm range while platform is on the water surface. Maximum sea state TBD.

· Globalstar MCM-4 or similar satellite modem (for outer Monterey Bay and California coastal operations).

· G3 or G4 cellular modem.

· Acoustic modem. (optional)
1.13 General

· The field gateway system must be stand-alone and portable. It must be capable of installation on a buoy, ship-of-opportunity, or Wave Glider. 
Shipboard design requirements

A shipboard based gateway would include the equipment of a gateway above with the option of substituting existing shipboard Internet access for the gateway satellite or G3 cellular modem.
MBARI AUV and shipboard communications assets

1.14 Dorado

· Iridium satellite modem, T-Rex processor A3LA modem maximum SBD size 1960/1860 bytes, vehicle processor 9601 maximum SBD size 340/270 byes upload/download, latency 5-20 seconds (may be updated to 9602 in future)
· Line-of-site radio, MicroBee Ethernet radio PN PCFW-104-ETH PC/104 FreeWave FGRM Series embedded radio, at-sea range about 1 -1.5 nm, 57.6kb
1.15 Tethys

· Iridium 9601 satellite modem with SBD messaging, maximum size 340/270 byes, latency 5-20 seconds.
· Line-of-site radio, FreeWave MM2 900MHz 115.2-153.6 kbps (may be updated to 802.11b WiFi link in the future).
1.16 Zephyr

· KVH Trac-Phone V7 mini-VSAT broadband satellite link providing Ethernet connectivity. Service plan F1 128/128 kbs. Cost is flat rate, unmetered. Eastern Pacific coverage.
1.17 Western Flyer

· Broadband VSAT system carried on satellite Galaxy 18. Provides Ethernet 5/2 mbps download/upload to users on request. Cost is $0.010/mbyte to limit then $0.15/mbyte. Eastern Pacific coverage.
1.18 Rachel Carson

· The Current plan is to move over the KVH Trac-Phone V7 mini-VSAT broadband satellite link from the Zephyr. Eastern Pacific coverage.
1.19 John Martin

· 3G GSM/GPRS/EDG Cellular modem. No data limit. Coverage approximately 10nm from shore. 
1.20 Pt. Sur

· Broadband 1 meter dish unlimited access Ethernet. Eastern Pacific coverage.
1.21 Field Gateway

· The field gateway is a proposed platform that would act as a communication hub for field assets. It can be an existing asset such as a ship with Internet connectivity and a gateway or it can be a stand alone platform such as a buoy or wave glider with a gateway. The function of the field gateway is to act as a bridge between the approximately 1nm range of the AUV (or other power and height limited surface platforms) line-of-site radio systems and the public Internet and VPN connection to MBARI. The connection to the public Internet can be via G3 cellular phone, satellite modem such as Globalstar, or FreeWave radio connection to shore. 
Major technical issues

· Range of G3 cellular service.

· MBARI firewall and VPN issues.

· Will GSM/G3 cell service support VPN traffic?

· Address mapping between DTN deployed system static addressing and public carrier DHCP assigned dynamic addressing.

· Power consumption of AUV based 802.11b modem

· Power consumption of field gateway

· Airtime cost of satellite modems.

· Specific DTN implementation to use as a framework.
· Conclusions
 Pros and cons of DTN as MBARI networking standard

1.22 Easily expandable network

1.23 Alternative technologies

Comparison Costs of data transfer
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Acronym and other definitions
T-Rex – Autonomy application running on the Dorado AUV.
DTN – Delay Tolerant Networking
DNS – Domain Name Server (Ethernet)
DHCP – Dynamic Host Configuration Protocol (Ethernet)

ODSS – Operational Decision Support System project, 
CANON - Controlled, Agile and Novel Observing Network project, Francisco Chavez PI
ASV

Hotfix – GPS position calculation where the local receiver satellite ephemeris table is current. Usually takes less than 20-30 seconds after seeing the sky or power up. Some receivers can forward calculate the table and maintain short times to first fix (TTFF).  Without this feature an ephemeris table over 4 hours old can take several minutes to get a position.

UAV – Unmanned Aerial Vehicle
VSAT – Very Small Aperture Terminal (antenna diameter less than three meters).
Broadband – Vague marketing term for high speed, usually refers to Internet access.
SBD – Small Burst Messaging, an Iridium radio service that forwards messages when a satellite connection is available.

802.11 Ethernet radio standard commonly called WiFi (2.4 GHz, up to 10Mbs). Different modulation schemes are standardized as 802.11b, 802.11g, etc.
Iridium satellite link

Iridium open port (9.6-128 kbps (configurable) with per-MB pricing for airtime)
G3 Cellular link

Globalstar satellite link

Globalstar MCM-4, four channel binding up to 28kbs
KVH VSAT link (TracPhone V7)
� Controlled, Agile, and Novel Observing Network - CANON





