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Summary

Data collection buoy systems have long been used as essential elements in ocean observing systems. Buoys beyond the range of shore based VHF radio links have traditionally either logged their data for subsequent recovery, used one-way low speed satellite telemetry links, or a combination of both methods. The relatively low real time data capability of these existing methods has limited the types of observations that can be made and data collected. For example high bandwidth data such as video clips, still camera images, or seismic information cannot be transmitted back to shore. Interactive experiments cannot be conducted nor equipment diagnosed and repaired remotely.

Continuous advances in satellite technology have resulted in systems under development that promise to provide world wide access to the internet from small, portable TCP/IP based terminals within the next five years.

A preliminary idea for a buoy system is presented that builds upon existing MBARI programs and could provide an instrument platform with data gathering capabilities from the seafloor to the ocean surface. Depending exclusively on satellite communications for data retrieval and instrument commands, the system could potentially be deployed anywhere in the ocean where the sea floor is reachable by ROV. The intention of this communication is to inform the reader of the emerging satellite communication technology possibilities and stimulate a discussion on possible applications at MBARI. 

Introduction

Many existing mooring based open ocean surface data collection instrument systems use some form of satellite communications to provide remote data access. Although the data may be stored and recovered with the instrument, a subset of the information collected is usually transmitted in near real-time via satellite to a ground station and after processing, on to researchers needing the information.

Some major open ocean instrument systems currently or about to be deployed and the satellite systems they use are: 

Tropical Ocean-Global Atmosphere/Tropical Atmosphere Ocean TOGA/TAO Atlas tension moorings (Services Argos)

Pilot Research Moored Array in the Tropical Atlantic (PIRATA) (Services Argos)

NOAA National Data Buoy Center (NDBC) (Services Argos, and GOES)

NOAA DART program (Services Argos, and GOES)

U.S. GLOBEC Georges Bank moorings (Services Argos, and GOES)

MBARI has a buoy system as well, the Oasis (Ocean Acquisition System for Interdisciplinary Science) design, which uses line-of-sight packet radio data links to shore. MBARI's Oasis buoy systems are significantly different from other ocean data buoy collection systems in that they are more general purpose and collect a larger number of individual environmental parameters.

It can be seen that most current satellite based ocean data gathering systems have used the Argos satellite system. Operating since 1978, the Argos system has been very successful because Low Earth Orbit (LEO)
 satellites carry its transponders. This allows for transmitter powers of less than a Watt, it can provide position information, it provides worldwide coverage, and the Platform Transmitter Terminals (PTT) can be extremely small
. Argos's principle disadvantages are the low data rate of 256 bit packets per transmission and the current limitation of one-way communication only, not allowing remote control of instrumentation
. 

There are potentially two ways MBARI can continue to make significant technology advances in ocean buoy data collection systems:

1- Provide high speed data retrieval and bi-directional access for high data rate communications back to researchers desktops from locations beyond line-of-sight. Bi-directional control allows instrument configuration changes and remote debugging as well as the possibility of conducting interactive experiments in response to measured conditions. One example is that the current ocean seismometer accuracy is limited by drift in the timebase. Bi-directional communication would allow more accurate time synchronization
.

2- Extend the surface based power and communications link to support sea floor experiments and instruments. Most currently deployed buoy systems are designed to only collect data from the upper water column
. Systems that do collect sea floor data, such as the NOAA DART program
 for Tsunami detection, use relatively low bandwidth acoustic modems and self-powered instruments.

Why Low Earth Orbit (LEO) Satellites

Currently available marine mobile satellite based communication systems are characterized by low data rate capability and relatively high cost. Current bi-directional data systems use geostationary Earth Orbit (GEO) satellites that require powerful transmitters and high gain antennas. For example current GEO based bi-directional data systems such as INMARSAT
 mini-M satellite service, which is 2.4kbps, requires a large directional antenna and INMARSAT-C service, which uses a small omni-directional antenna delivers 600bps store-and-forward capability at $0.0081 a character but uses over 110 watts when transmitting
.

A major technological change has been occurring in LEO satellite communication capability that will make the goal of an economical high-speed bi-directional data link to ocean buoy systems possible in the next five years. Advances in satellite technology have made it feasible to place constellations of satellites in orbit that are networked together and handle data communications to large numbers of users much as the current terrestrial "cell" phone technology does. The first applications in place are hand held satellite phone and low data rate services, but high-speed internet access services are currently being designed. All of these services are described as satellite based personal communications systems (PCS).

The design and use of satellites specifically for PCS services means low cost-per-bit and high availability. While a system like Argos must amortize it's services over the 6000 current users, emerging PCS systems will provide services and collect revenues from tens of millions of users. To be successful, the satellite systems for mobile PCS services must provide many of the same characteristics desirable in a ocean instrument data access system such as low power consumption, a high data rate at a low cost-per-bit, and a small non-directional antenna. Earth observation instrumentation can take advantage of these emerging LEO based commercial services to provide worldwide high-speed data communications.  

What Forms Could Satcom Based Ocean Observation Systems Take

Ideally, a general ocean observation platform should be able to support complex data gathering instrumentation at any position in the water column, from the sea floor to atmospheric measurements on the ocean surface. It should be able to make measurements from any location in the worlds oceans. A bi-directional high-speed data path back to the shore based researcher should be available for each instrument that requires it and adequate power needs to be provided for each instrument. The system should support both short (days) and long term (years) experimental uses which requires that instruments can be added or removed as needed and the system maintained in-situ. A Satcom based solution to these requirements needs to compete favorably in instrument capability, data delivery and cost with alternative strategies - such as using a direct submarine cable connection to shore - in order to be considered.

Advanced Satcom linked ocean observation buoy systems that attempt to meet the requirements of the ideal ocean observation system described above have been proposed, notably by the Maritime Communications division of the Harris Corporation
. However, because the system proposed uses INTELSAT GEO satellites for high-speed data communications, a high powered transmitter and highly directional antenna is required. A diesel generator is needed to meet the power requirements which results in a large and expensive system.

If we ignore drifters and AUV's as mission specific technologies and focus on moored buoy systems, the following strategies could be employed to achieve a general-purpose ocean observing capability:

Surface buoy to desk top communication link.

Two systems could be employed, a high speed bi-directional LEO satellite based link for scientific data and control and a low speed Argos uni-directional link for emergency location. The data terminal for high-speed communications would be powered up either at predetermined intervals or when local data needed to be sent. A reliable high speed Satcom data link is essential for the overall design concept and depends on the success of commercial LEO based PCS implementation.

Surface buoy controller.

Surface controller functions could be performed by the next generation Oasis controller currently under development by Bob Herlien
. Existing Oasis instrumentation would be supported including the temperature string. Communications with additional instrumentation would be through TCP/IP links either locally or through a LAN connection in the riser cable to the sea floor.

Surface buoy to seafloor communications and power.

A single optical fiber centered in a coaxial riser cable would carry LAN traffic to a seafloor hub. Power would be also carried through this cable.

Sea floor instrumentation could be based on the next generation of MBARI Data Concentrator (DCON)
, utilizing the SideARM microcontroller currently under development.

Individual seafloor instruments would connect through a bottom mounted DCON or directly to the LAN if they support TCP/IP connections. Each instrument would appear as a separate node on the LAN when it was powered up.

The TCP/IP based LAN and power connections to the sea floor are an important area of development.  MBARI has previously designed deep ocean LAN links for both Ventana and Tiburon but neither of those systems would be directly applicable.

Designing a LAN link to run between the topside buoy and the seafloor hub would be an important new area of development.  

Sea floor based data and power hub.

The seafloor termination of the riser cable would breakout the LAN connection from the surface and provide local power control and monitoring. The controller could utilize the standard DCON design with the SideARM upgrade. The mechanical design of the hub structure could be identical to the cable end design proposed in the Cabled Observatory of Monterey Bay (COMB), however the electrical design may not be compatible due to the much lower power available.   

Power management.

Power management is a key issue in an autonomous buoy system. To keep the cost and size low it is essential to operate from batteries and solar power as the present Oasis system does. This limits the types of instruments that can be deployed, how long they can be powered up, power available for the data communications link, and power for the LAN. The present Oasis system for example has about an average of 5 Watts continuously available and carefully manages the duty cycle on various instruments to stay within it's power budget.

Fortunately most existing seafloor instrumentation is currently designed to run from battery power and has very low power requirements. The next generation SideARM controller also has a very low power requirements and can idle at 10mW. Instruments with a high power requirement per measurement would be required to operate at a low duty cycle.

Management of the entire power system would be performed by the topside controller, including the power connection to the seafloor hub. When the hub was powered a locally installed DCON would handle power management to individual sea floor nodes.

Increasing the overall power available either through increased solar energy output or some other technology, is an important area of development.

Why a Systems Design Approach

Many of the elements required for the system described above either already exist at MBARI or are direct extensions of current work taking place on individual projects. By redirecting our efforts only slightly and having a final system design firmly defined, much of the design effort for the advance ocean observation mooring can take place with a minimum of extra effort. The overall approach is essentially a hybrid of the Oasis mooring and the Tiburon development efforts with the SideARM controller providing the processing power.

What are the Potential Risks?

For the buoy based observation system described to be a substantial advance over existing systems several key elements need to successful.

The commercial development of high speed LEO based internet services needs to be successful and result in a user terminal design that is compatible with an ocean buoy. The design of such a terminal is probably beyond the scope of an MBARI development effort so we are dependent on commercial products. Possible problems could be the size and pointing requirements of the antenna and the link power requirements. For developmental testing and coastal installations a line-of-sight wireless LAN link could be utilized
.

The riser cable connection and mooring design needs to reliably connect the buoy to the sea floor hub. Subsea equipment with the exception of the anchor needs to be installed and serviced by an ROV working at some undetermined distance to the installed vertical riser cable. This will present new operational challenges.

The system needs to have a reasonable lifetime to be cost effective. This probably dictates that the sea floor hub and instrumentation should operate for three years or more and the surface components for at least one year between service requirements. This would require the replacement of the buoy and near surface components without disturbing the lower portion of the riser. This probably requires a catenary type mooring and could present operational problems.

How does this idea tie in with MBARI's Strategic plan

MBARI well suited to make substantial progress in this area due to the unique blend of resources we can bring to the problem. MBARI's mooring group has demonstrated that they can install and maintain surface moorings in the open ocean environment. MBARI has the ROV resources required and the operational experience to address the problem of installing and maintaining sea floor instrumentation. The design of essential individual elements of the system, such as the LAN link between the surface and the sea floor is an area where we have a proven capability. By attacking a technical problem that uses MBARI's strengths but requires a relatively long-term development effort commitment we are conforming to MBARI's strategic plan - provided it results in an instrument that achieves "scientific merit".

A self-contained data collection system that can operate anywhere in the worlds oceans accessible by ship/ROV could be deployed on a relatively short lead-time. This would allow the institute to quickly attack specific scientific questions that required a medium duration ocean presence without being overly limited by geography. This is in keeping with the advice of the 1998 visiting committee that MBARI has "potentially a unique role among oceanographic institutions because it can move quickly and effectively on new problems and technical challenges whose solutions will notably impact oceanography".

Appendix 

Current LEO Satellite Systems Under Development

Over 652 satellite launches are planned in next 5 years by companies competing for commercial communications customers
. While the early entrants are planning on providing phone and pager service, at least three companies are planning on providing broadband TCP/IP connections via satellite, as shown in fig. 1. In order to compete with existing land lines the user cost must be kept competitive, for example service in Europe has started on a DBS satellite downlink January 1999 and up to 2Mbit/sec. service is around $80-100 a month with an $800 terminal cost
. 

Estimated costs for broadband network services from mobile terminals range from cents per minute up to $2-3 a minute.

It should be noted that not all of the current systems under development are necessarily suitable for ocean observing systems data-links. The voice systems, for example Motorola's Iridium network, have relatively low data rates although they are bi-directional and use transmitter powers of around 0.25 Watt. Coverage area is another concern: for example the ICO roam and Globalstar systems require the relay satellite to see both a ground station and the user terminal simultaneously. ICO roam uses Medium Earth Orbit (MEO) satellites with wide coverage however the LEO Globalstar system has a much smaller footprint. This may limit coverage over large ocean areas where there are no ground stations. 

The satellite communication systems currently under development with the greatest potential for ocean observation data communications are the broadband services. They offer high data rates at relatively low cost and small antenna sizes. High data rates allows seamless internet connectivity and the capability of streaming video, still pictures or other very high density information such as seismic data. The most promising and ambitious of these systems is the Teledesic network. The Teledesic Corporation was founded by Craig McCaw
 and Bill Gates with the goal of providing world-wide internet services via LEO satellite ("internet-in-the-sky"). In May 1998 the Motorola Corporation became the prime contractor and redirected their competing broadband network "Celestri" after Boeing was dropped because of slow development progress. The current design includes 288 LEO satellites orbiting in twelve planes. The satellite constellation is networked together satellite to satellite using high-speed optical links to ensure a ground station is always reachable from a user terminal. Although the design is very preliminary, with service not scheduled to begin until 2003, the user terminals are projected to include a mobile version with a small antenna and low power requirements.

Two other satellite broadband services under development are the LEO based Skybridge and GEO based Astrolink. Both systems have similar power requirements of around 2 watts for the transmitter but the LEO design offers a higher data rate. Although these systems are scheduled to start operation sooner and are considered to be technically sound, they are not as firmly funded as Teledesic and therefore have less chance of being successfully completed.

Figure 1. Selected Satellite Communication Systems Installed or Under Development

Name

Owner/Manufacturer


Number/type
Data rate


real-time
Application


Estimated Startup

Argos

Service Argos Inc.



8+/LEO

7.6kb per day


store/fwd
data communications

Fully operational

Orbcomm
Orbital Sciences
36/LEO

2400up/4800dn


store/fwd
data communications

Fully operational

Iridium
Motorola




76/LEO

2.4/4.8kbps
($5/min.)
yes
mobile cell phone network

Sept. '98

 














(started Nov.1)

Globalstar
Loral




48/LEO

2.4/4.8kbps ($1-2/min)
yes
mobile cell phone network

3rd quarter 1999

ICO Roam
ICO Global Communications


10/MEO

2.4kbps ($2-3/min.)

yes
mobile cell phone network

3rd quarter 2000

Skybridge
Alcatel/Loral



80/LEO

2 Mbps up/20 dn ($2-6/min.)

yes
interactive broadband network

2001

Astrolink

Lockeed Martin



5/GEO

416kbs



yes
interactive broadband network
2001

Ellipso

Mobile Communications Holdings/Boeing
17/MEO

3000/9600bps

yes
cell phone/data network

2001

ECCO

Constellation Communications/Orbital

12/35/LEO



yes
mobile cell phone network


2001+

Teledesic

Gates/McCaw/Motorola


288/LEO

2 Mbps up/64Mbps dn
yes
interactive broadband network
2003

Iridium Next
Motorola




??/LEO

56-256kbps

yes
interactive broadband network
2002+

Spaceway
Hughes Electronics



4/GEO

16kbs-6Mbps


yes
interactive broadband network
2002+

� While I collected the information presented here, many people at MBARI have originated the ideas and are credited whenever possible. 


� Circular satellite orbits (as opposed to elliptical) are generally characterized as geostationary earth orbit (GEO) at 35,786km, medium earth orbit (MEO) at 10,000 - 20,000km, or low earth orbit (LEO) at less than 1,500km. Source: A. Jamalipour, Low Earth Orbital Satellites for Personal Communication Networks, Artech House, 1998, pp. 15-16. 


� Gary Thurmond


� Argos II, scheduled for service after 2000 will allow some satellite to instrument data flow.


� Paul McGill.


� Francisco Chavez.


� http://www.pmel.noaa.gov/tsunami/


� INMARSAT is a non-profit international consortium founded in 1979 to provide satellite based marine communications. http://www.inmarsat.org/


� INMARSAT-C service currently has approximately 40,000 subscribers.


� http://www.mcs.harris.com/home-page.html


� Bob's design will be based on the SideARM microcontroller designed by Wayne Radichonski.


� MBARI DCONs are a micro controller based data input/control output module based on the WHOI designed Instrument Bus Computer (IBC) architecture. They are used extensively on Tiburon and associated toolsleds. It is planned to integrate the SideARM controller into the existing DCON architecture, creating a low-power system supporting the suite of function cards designed for Tiburon.





� Dave Wright.


� Aviation Week & Space Technology/January 11, 1999, page 143


� Aviation Week & Space Technology/January 25, 1999, page 42


� Founder of Cellular One, a very successful cellular phone company.


� 3, 256 bit messages per pass X 10 passes / day.


� 200 character messages using a small whip antenna. About $0.015/character.


� 2.4/4.8kbps refers to the data rate and voice rate respectively.


� Using a 45cm radome antenna and 2W Transmitter. About $0.024/1000 characters.


� Broadband networking includes high-speed data, voice and video. Data includes internet access.


� Using a 65cm dish antenna and 2W Transmitter.


� Initially equatorial, then global coverage.


� Using a 70cm dish antenna.
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