Fritz and Andrew,


Thank you for rough outline.


I think the paper would consist of three fundamental sections, (1) Introduction, (2) Basic considerations (including requirements), and (3) Technical options.


In the introduction, background and the aim of this paper would be described briefly.


In the second section, basic considerations including scientific requirements, financial requirements and other requirements would be discussed. I think this basic considerations and requirements would be almost the same for MEPTUNE and ARENA. Based on your outline, I tried to sum up the common considerations and requirements. It would be the basis for the third section.

In the third section, some technical options including NEPTUNE, ARENA and other options will be described. For each option, considerations against basic requirements would be described.

The following is the rough outline of the second and the third section.

Basic considerations
Network Configuration


All transoceanic commercial telecommunications systems are point-to-point links connecting terrestrially shore to shore, with only a few occasional branches. On the other hand, in case of scientific cable network, most sensors, instruments and optical transmitters/receivers are placed on seabed. The cable networks are required to branch in order to economically deploy sensors two-dimensionally in scientifically interesting area. These requirements are thoroughly different from those for telecommunication systems, and make specific characteristics for scientific cable networks.
Flexibility/Expandability
The scientific network often needs to grow with incremental funding, unpredictable scientific needs and future changes in requirements as more sophisticated sensors are developed. Thus the data transmission system should be flexible and expandable to accommodate these changes and expansions.

Signal hierarchy and IP network


Conventional underwater and terrestrial telecommunication systems operate with SONET systems. Although they provide reliable and wide band data network, they lack flexibility and expandability. They are for point-to-point connect systems. Moreover, SONET systems are for public telecommunication systems to which a high reliability is required, and are not commercial off-the-shelf (COTS) systems.

One promising system is IP network. The IP network allows for topologically independent extension and enlargement without affecting other nodes. The present scientific community as a majority operates over IP network which is manageable with commercially available data processing techniques prevalent in the internet sphere.
Reliability and cost
The reliability requirement for scientific cable networks is shared with commercial telecommunications. As most of transmission terminals will be placed on seafloor, it is not easy, highly costly and time-consuming to repair or maintain these devices. However telecomm grade reliability is attained through a high cost, which is recouped through a business model that research does not comply with. Further, there is a likelihood of occasional system modification for a research network from time to time, during which repairs and upgrades could be engaged. Therefore the reliability of an underwater research network must conform to a different cost/reliability model when compared with commercial telecommunications.
The underwater repeaters for telecommunication systems consists of only qualified devices and have a simple structure to realize high reliability. On the other hand, the underwater systems for scientific cable networks would contain many devices such as Ethernet switches, sensor interfaces and optical transmitter/receivers. It is not realistic to make these devices from qualified devices only. It is needed to use COTS devices to realize a system which satisfy scientific requirements. This means that further measures to increase reliabilities are needed.
One fascinating solution would be mesh or ring networks. In mesh or ring networks, even if a portion of the network breaks, the network can continue working bypassing the broken portion. They also increase the reliability for power feeding systems. We can obtain higher rate of availability of the system without costly highly reliable devices. 
Redundancy should be considered for most critical or vulnerable devices.
Perhaps you could describe statistically reliability facet of NEPTUNE in this segment or in the technical option segment. It would be very attractive to describe reliability statistically and will enhance the importance of this paper.
As reliability is very important and complicated issue, if you could add other aspects, it would be attractive.
Transmission Capacity

I think the transmission capacity could be classified into three categories.

(Perhaps we could present numerical tables of the scientific data rate needs in this segment)
(a) HDTV signal.
Its transmission speed depends on the signal compression mode. In the satellite broadcasting system in Japan, the baseband HDTV signal of 1.5Gbps is compressed to 24Mbps with MPEG2 which enables recording on D-VHS recorders for home use. The quality of images depends on the compression rate. Although the degradation of images is very little even if high compression rate of 0.016 (satellite broadcasting system) is used, the acceptable level of degradation for scientific use should be re-considered. In the re-consideration, terrestrial transmission and video recording should be taken into consideration.

In NEPTUNE system, is the HDTV signal transmitted through Ethernet? In this case, I think that as dropouts of packets will seriously affect the decompression process and deteriorate the image quality, examination on transmission performance seems to be needed.
(b) Time synchronous signal


For acoustic geodesy, time synchronous signals with accuracy of one micro-second are needed.
 In case of IP network, the accuracy of time synchronization is typically in order of some hundreds nano seconds or higher. It seems that another transmission line is needed for time synchronous signal.
(c) Other data and control signals


There are many kinds of sensors and instruments connected to scientific cable network. Although the amount and the format of these data and control signal is different from each other, the total amount of data would be far less than that for the HDTV signal. IP networks can provide flexible infrastructures which accommodate these various kinds of signals.
Node-to-node communication

(I think there was some discussion on node-to-node communication for NEPTUNE system. This would affect the whole structure of the communication system.)
Technical Options

I think there are some technical options.

As the optical communication technology is now evolving very rapidly, the most promising options would change in time. The best option would also depend on the specific requirement or the scale of cable network system. I think it would be worth to describe these options and their advantages/disadvantages, and suitable applications. It would make clear the present status and orientations of our development.
If there are other promising options, please describe them.

Optical Ethernet with Intranode Redundancy

We have presently tested in the laboratory, commercial off-the-shelf (COTS) optical Ethernet devices by Network Electronics, which prove the viability of an optical Ethernet solution for underwater research networks. (I can have this information ready to add to the paper if desired). Distances of 50km unamplified and over 100km amplified using SMF28 type fibre have proven to operate with BER rates better than 10-12 . This equipment operates an appropriate thermal output range and electrical power range compliant with the NEPTUNE power system design.

Could you describe this system as you have presently tested it in the laboratory.
DWDM vs. CWDM

We have evaluated at a "spec sheet" level, CWDM equipment and have not elected to test it in the laboratory for NEPTUNE. This is due to its apparent attenuation limited functionality at about 70km. However CWDM appears to be very attractive for a small system connecting 1GbE networks at distances of around 50km. Recent enhancements to the 14XXnm peak in Corning fiber of furthered this cause. The facile nature IP/GbE mentioned for the extension of NEPTUNE also plays handily in it's ability to interconnect with other GbE optical protocols.  (We can present a simple CWDM extension node design for NEPTUNE. I have one in mind using CISCO equipment if you like.)
Interval limitation of 70km seems due to loss of CWDM filters inserted in the line. Is my understanding correct?
I think although this system has limitation due to attenuation, it seems to have other advantages such as independence between wavelength which increase the system robustness, increasing transmission capacity and flexibility. Even it can not be adopted for NEPTUNE, it would be attractive for another system as you pointed out. If you could describe CWDM system, it would be worthy.
DWDM system with optical modulator
We have done basic evaluation for optical modulator. It uses Raman amplifiers as modulators in underwater terminals. It would enable to use DWDM system in which all laser diodes for which accurate temperature control is needed are placed in land terminals. It would be a possible option for future network. I can briefly describe this method.
