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ABSTRACT 

Cable Based Ocean Observatories have been designed to allow a better observation of the deep seafloor. Actually, they should provide real-time observations with a lot of sensors but for the moment, cameras are not included in these sensors.
INTRODUCTION
The purpose of this report is to assess the feasibility of using HDTV cameras on the deep ocean seafloor. This report is primarily focused on technical issues.
Regional Seafloor Cabled Observatories (RSCO) have been identified for development as an element of the ORION program which is the implementation program for the Ocean Observatories Initiative.  The first RSCO will be the NEPTUNE project on the Juan de Fuca plate in the North East Pacific, off the states of Washington and Oregon. This observatory is composed of nodes with a lot of scientific instruments to understand the ocean from the coast, without need to go on the sea. One of the objectives, further, should be to place HDTV cameras on the seafloor, providing real-time observations of the ocean, the species living there…and for world-wide access by the public.

HDTV cameras are necessary to provide the resolution necessary to identify all these species of organisms.
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Thus, in this report, I will present the different technical problems we have to take care of (more the network problems with bandwidth and then problem of data management), in order to analyze and assess the feasibility of such a project.

In a first part, I will talk about the network issue. Indeed, NEPTUNE’s network is already designed and is now being tested in the MARS project which is NEPTUNE’s test-bed. Furthermore, we will see that this network is based on the Gigabit Ethernet and fiber-optic cables so I will write a small part about each of these techniques and their characteristics.
Then, we will focus on the HDTV cameras. Actually, it is important to understand how they work (interlaced scanning versus progressive scanning…), and how they are different from the standard cameras. So, I will finish this part presenting you the HDTV camera Zeus-Plus, used on the ROV (Remotely Operated Vehicle) Tiburon at MBARI in order to illustrate the parameters of such a camera.

Before the conclusion and the analysis, I will spend time to talk about the compression techniques. These techniques are used to reduce the need for bandwidth for each camera and then to facilitate the storage of data. Different processes exist but I will focus on MPEG2 and MPEG4 techniques. Finally I will talk about some new technology that can be used to stream video over the World Wide Web.

MATERIALS AND METHODS
The main tool I used was the Internet in order to find as much information about HDTV, Fiber optic cables, compression and network technology as I could.
I also used some of the documents given to me by MBARI about Tiburon’s HDTV camera or books about the same subjects.

RESULTS 
NETWORK SYSTEM
REGIONAL CABLED SEAFLOOR OBSERVATORIES (RCSO)
Regional Cabled Seafloor Observatories present a promising and in some cases essential, new approach for advancing basic research in the oceans.

NEPTUNE PROJECT

NEPTUNE consists of a regional plate-scale observatory on the Juan de Fuca Plate (Figure 1). The scientific topics that motivate NEPTUNE include studies of water-column processes, cross-margin particulate flux, seismology and geodynamics, etc. 

Thus, NEPTUNE is an integrated system designed to provide power and communication, in real time, to a network of electro-optical cables linking a large number of instruments distributed over a seafloor area of at least 500 by 1000 km.
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The infrastructure of a RCSO like NEPTUNE consists of five systems:

· power distribution

· communications

· system control

· time distribution

· data management and archiving

The Power System can be divided into three parts: 

· the shore station

· the delivery channel (i.e., the cable)

· the node system
The peak power output of a shore station for a large RCSO (like NEPTUNE) will be about 100kW. So, a cable current of 10A will be sufficient to meet RCSO needs, and is comfortably within the capabilities of such cables.

Fiber-optic power cables will connect land-based scientists, students, decision makers, and the public to distributed sensors above, on, and beneath the seafloor.
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Furthermore, the engineering power system prototype is a parallel power system utilizing flexible DC/DC power supplies that auto adjust to changing load conditions with a multi-layered, reliable protection system. The backbone voltage is 10kV DC, and at each node (30+ locations) power is delivered to the science users at 400 V and 48 V DC.

The Communications System consists of three parts:

· the shore station

· the delivery channel (i.e., fiber optic cable)

· the node system

Further, the communications system divides into high-speed backbone and lower speed instrument communications components.

The shore station serves as the link between an RCSO, the DMA and the Internet. It also monitors communication system performance and is used to make necessary adjustment to the seafloor communications components.

The node system must aggregate data from science instruments operating at highly variable rates, route it onto the backbone cable and deliver it to the shore station. It also distributes command and control information to the instruments.

Standard IP communications technologies have been selected and Gigabit Ethernet (GbE) has been chosen for the backbone cable. 

The major bandwidth consumers are video and high-frequency acoustics; significant fractions of a gigabit per second are required at a node, with an order of 10 Gb/s required overall. So, a 10 Gb/s backbone could be obtained by ten pairs of fibers. 

Furthermore, GbE hardware serves the dual functions of a data concentrator/router and an optical fiber repeater, eliminating the need for optical amplifiers.  

In-band monitoring and control of RCSO data networks will be implemented using the simple network monitoring protocol (SNMP), the most widely used IP-based monitoring and control technology available.

An out-of-band control system will provide full control of all backbone router functions through a standard serial interface, and can be used to configure the network and download software to the routers. This system is fully redundant and operates on a pair of dedicated optical fibers.

In conclusion, a mesh network topology has been selected for both the power and communications systems to meet the capacity requirements of both and to maximize reliability and flexibility. For power, this means using a "parallel" or constant voltage approach much like land power grids and unlike conventional submarine telecommunications systems. For communications, a standard data networking technology is chosen as the implementing approach. As a consequence, NEPTUNE will appear as a seamless extension of the global Internet, connecting users anywhere on shore to the sensors on the seafloor.
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Actually, Neptune is tested via the MARS project which is Neptune’s test-bed. 


MARS PROJECT – NEPTUNE TEST-BED

This project, led by the Monterey Bay Aquarium Research Institute, will complete the design and then install the advanced cabled observatory in Monterey Bay that will serve as the test-bed for a state-of-the-art regional ocean observatory.

 MARS is organized in the same way as Neptune except that it consists of one node only and it’s only 62 kilometers in extent while Neptune and the other RCSO design will support in excess of 3500 kilometers of cable.

The Neptune network is based on Gigabit Ethernet Technology so I will try to resume quickly how that works. 

ETHERNET PROTOCOL

Ethernet is a local network technology based on one principle: ‘The machines of the network are all connected on a the same backbone which is a cylindrical cable’.

So, depending on cable’s nature and diameter, different Ethernet technologies exist. And thus, we can find Ethernet networks with a bandwidth between 10 Mbits/s and 10Gbits/s.

PRINCIPLE

At the beginning of Ethernet, communication was based on a broadcast concept. That is, when a machine sent information on the network, the data went  to all the other machines present on this network.

Today, with the help of switches, the information is directly transmitted to the machine targeted. That is really interesting because this technique allows other machines to still communicate with each other.


Nevertheless, one other basic principle of the Ethernet network stays the same: information is divided in small blocs of data (the maximal size is defined in the protocol) in order to be transmitted on the network.


Now we have seen how Ethernet work in general, I will introduce the different protocols of transmission which exist with this technology.

TRANSMISSION PROTOCOLS

Three ways of transmission can exist between two machines: the simplex link, the half-duplex link and the full-duplex link.

· Simplex Link : this way of transmission is a single-way link. That means that all the bandwidth is used but the information can travel in one direction only. For example, between a mouse and a computer, the information leaves from the computer to go to the mouse.

·  Half-Duplex Link : in this kind of link, the information can travel in the two directions but not in the same time. So, each machine can use the whole bandwidth to transfer its data but they can’t ‘talk’ simultaneously.

· Full-Duplex Link : here, the information can travel in the two directions and in the same time. Consequently, the bandwidth is divided by 2 for each machine but they can use it when they want. This type of link is used in the 10Gigabit Ethernet Protocol.

Neptune’s project uses a Gigabit Ethernet Protocol with a 10G fiber-optic cable as backbone. So, I will introduce you very briefly to the fiber-optic cable technology.

FIBER-OPTIC CABLES
This is a cable made up of super-thin filaments of glass or other transparent materials that can carry beams of light.

ADVANTAGES
Because a fiber-optic cable is light-based, data can be sent through it at the speed of light. Using a laser transmitter that encodes frequency signals into pulses of light, ones and zeros are sent through the cable. The receiving end of the transmission translates the light signals back into data which can be read by a computer. 

Because fiber-optics are based entirely on beams of light, they are less susceptible to electromagnetic noise and interference than other data-transfer mediums such as copper wires or telephone lines. However, the cables are fragile and are usually placed underground, which makes them difficult and expensive to install.

PROBLEMS
The problem with fiber-optic cables is that if they break, they often need to be completely replaced, which is not cheap. While copper wires can be spliced and mended as many times as needed, it is much harder to fix glass fiber-optic cables.

DIFFERENT KINDS OF CABLE
Actually, we can define two different kinds of fiber-optic cables: the multimode and the single-mode.
· Multimode: These cables use larger diameter fibers and are usually cheaper. This means that light paths in this type of cable can reflect in more ways between the walls of the fibers; i.e. in more “modes”. They are usually used for “small” networks like single building networks. The bandwidth is between 200 and 1500 MHz/km. 
· Single-mode propagation: Single mode fiber optic cables use a small diameter fiber. When light enters the fiber optic cable it propagates through the cable in just a single ray, a single-mode. There is less energy lost: most energy is confined to this single ray, so attenuation is less significant. Also, since the input signal is confined to a single ray path, there is little time dispersion, only that due to propagation through the non-zero diameter, single mode cylinder. Less time dispersion of course means higher bandwidth. So these cables have are in the 50 to 100 GHz/ km range. This is attractive more for link lengths that go all the way up to 100 km.
So, the objective of this project consists on fixing HDTV cameras on the deep ocean seafloor. In the first part of this report, we have seen what kind of network will be used for the project and how it works. Now, we are going to concentrate on the cameras themselves and to try to explain why HDTV cameras more than standard ones.

HIGH DEFINITION TELEVISION (HDTV) CAMERAS
HDTV is different from SDTV (Standard Definition Television). Actually, it was conceived to have twice the vertical and twice the horizontal resolution of conventional television, a picture aspect ratio of 16:9 (against a 4:3 ratio for SDTV), and at least two channels of CD-quality audio. And today, we can augment this by specifying a frame rate of 23.976Hz or higher. So, HDTV has a pixel rate of about 60 mega pixels per second. Nevertheless, the correct comparison between conventional television and HDTV is not based upon aspect ratio; it is based upon picture detail. Thus, HDTV allows a greatly increased picture angle with equal details!

It’s also important to notice that the cameras will be used in deep-ocean so, they will need a specific housing in order to protect them form water, temperatures and pressures. Furthermore, the deep-ocean is very dark so lights will be necessary too.
There are several ways that the information in the image is scanned and sent over the transmission line.
PROGRESIVE _ 720p60
The word ‘progressive’ signifies that a frame is entirely transmitted in order (i.e. top to bottom and left to right as one whole image).
· Advantages

· The pictures are more stable 

· Less flicker effect

· 60Hz so more pictures in the same time

· Pictures are much better when movement occurs
· Disadvantages
· Band-width must be higher

· Need special equipment to read it

· Pictures are smaller

INTERLACED_1080i30

The word ‘interlaced’ signifies that a frame is scanned and the transmitted in two steps. First, the camera scans odd lines and transmits them. Then, it scans the evne lines of the frame and transmits them. So we can consider that frames are transmitted with a 30Hz frequency.
· Advantages

· The size of the data transmitted is smaller
· Doesn’t need special equipment to be read

· Big size pictures (1080 lines)
· Disadvantages
· Flicker effect due to the lack of lines

· More difficult to compress

· Comb effect during moving scenes

Actually, MBARI uses HDTV cameras on its ROV (Remotely Operated Vehicle). The last ROV built by MBARI is Tiburon which uses a specific HDTV camera with the parameters bellow.

TIBURON’S CAMERA PARAMETERS
Zeus Plus, a High Definition 3-CCD color video camera is currently used on Tiburon.

Specifications:

· Sensor: 2/3-inch 3CCD

· Sensitivity: 2 000 lux at F8
· Horizontal resolution: 1 000 TV lines

· Scanning System: 15 (59.94Hz) Interlaced
· Sync System: 3 levels sync 0.6Vp-p
· Signal to Noise Ratio: 54dB
· Focus/Zoom/Iris: Remote Control
· Protection: All i/o over-voltage protected and/or fused

· Camera Power: 12-28 V DC, 2.2A nominal
· Iris Range: F2.0 to F16 and close

· Focus Range: Front of the dome to infinity

· Lens: 5.2 to 52mm, 10X Zoom lens
	Angle of View
	5.2mm
	52mm

	In water
	Wide angle
	Telephoto

	Diagonal
	93˚
	12.0˚

	Horizontal
	85˚
	10.5˚

	Vertical
	54˚
	6.0˚


· Depth: 1 000 to 7 000 meters pressure housing available

· Operating Temperature: -5˚C to 45˚C

· Analog Video Output: HD R/G/B or HD Y/Pb/Pr

· Digital Video Output: HD-SDI (SMPTE292M) 1.5Gbps

· Optional Video Output: HD-SDI Video on a single fiber optic cable

The signal provided by this kind of camera is really huge. With the characteristics of the network we have seen earlier, it would be difficult to attach cameras to the networks without somehow reducing the size of the output signal. Thus, this leads us to consider compression methods for reducing the signal.

Furthermore, compression would also be useful for the second step of the project: the data management and the storage of the movies. Actually, today, the videos filmed with HDTV cameras are recorded and then stored on tapes. The problem is that takes a lot of space and that is not very useful (capacity of tapes is quite small when we see the quantity we want to store) so, with compressed data, we should store the movies on other media like DVDs and keep the digital format. It should be easier for the data management too.

COMPRESSION TECHNIQUES
OVERVIEW

Compression
consists in reducing information-blocs size in order to store the information more easily. Different algorithms are applied on the data by an encoder and so, a decoder is necessary to reestablish the original data, in order to read them.

The compression system can be characterized by the “compression rate” which is the rate between the bits number in the picture compressed and in the original one.

LOSSY AND LOSSLESS COMPRESSION

Two kinds of compression exist: the lossy compression and the lossless compression. 

· Lossless Compression : it refers to data compression techniques in which no data is lost. The problem with this kind of compression is that the reduction can’t be more than 50%.

e.g.: RLE (Run Length Encoding) compression

“AAAAAAAAAHHHHHHHHBBBBBBBB” => “9A8H8B”
· Lossy Compression : it refers to data compression techniques in which some amount of data is lost. These technologies attempt to eliminate redundant or unnecessary information. The reduction can be more important than it is with lossless compression. JPEG and MPEG use a lossy technique.
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MPEG TECHNOLOGY
This technique is based on the redundancy between the different pictures in a movie. This is a lossless compression technique.

A reference picture is created with a 12-25 Hz frequency. This picture is compressed in a JPEG format.

Then, pictures between 2 Ref. are divided in 16-pixels blocs which are compared with the Ref. picture. If the bloc is exactly the same, the compression algorithm encodes only the displacement. If the new picture is really different compared with the Ref. one, another Ref. picture is created. 

[image: image6.emf] 

Reference Pictures  -  JPEG  

Displacement kept  


MPEG2

MPEG2 is usually used to compress movies. With this technique, it is possible to obtain a 15 Mbps signal instead of a 1.5 Gbps signal, keeping a very good quality!
MPEG4
MPEG4 is a real-time encoding system used to compress HDTV. This compression technique is object-oriented. That means that a picture can be divided in different media objects like the background, a person moving in the scene… 
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Two versions already exist. The first one is called ‘Simple Profile’ and is used to encode low-resolution digital video. The second one is called ‘Advanced Video Coding’ and offers faster and higher quality compression than MPEG2 for HDTV. Thus, it is possible to compress a 1.5 Gbps signal until an 8 Mbps signal! 
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MPEG4 AVC (also called H.264 or MPEG4 Part 10) is also interesting because it can be associated with MPEG7, useful to annotate videos as well automatically as manually with a standardized format. It can support from 5 kbps to more than 1 Gbps and it support as well progressive and interlaced format.
Algorithms are very efficient for all bit rates.

Now we know what kind of network is used in NEPTUNE project and what kind of camera we need to fix on the deep seafloor, we need to know how it could be possible to recover video data. The technique of ‘HDTV over the Ethernet’ seems to be a good way.

TRANSPORT OF HDTV OVER THE WEB
To transport HDTV over the web in real-time and without any compression is possible but this technique need a lot of expensive, high-tech equipment. Furthermore, the bandwidth used by this technique still is very large (about 800 Mbps).

That is why we will pay more attention about the “Video over the Ethernet” technique. This technique is possible thanks to the MPEG-2 and MPEG-4 compression technology described above.

Thus, video data is streamed in packets through the network using one of the three models multicast, broadcast or unicast.

· Multicast: in this case, the data is sent by a server to a group of receivers. This way is usually used for live and near-video-on-demand applications.

· Broadcast: in this case, the video is sent by a server to the whole receivers present on the network.

· Unicast: in this case, the data is sent to a specific receiver by the server.

This technique is also based on specific protocols: RTP (Real-time Transport Protocol), RTSP (Real-Time Streaming Protocol), RTCP (Real-Time Control Protocol) and RSVP (ReSerVation Protocol).

· RTP: this is a packet-based protocol used for the transfer of real-time data (such as video streams). This protocol is primarily designed for multicast networks but it can also be used for unicast. It is typically run on top of UDP and actually, a RTP packet encapsulates a UDP/IP packet.

· RTCP: this is a control protocol designed to work in conjunction with RTP. Thus, in a RTP session, clients send RTCP packets to the server in order to convey feedback on quality of data delivery and information of membership. So, the necessary functionality and control mechanisms for transmitting real-time content are provided by the combination of both RTP and RTCP.

· RTSP: this protocol is used to establish and control one or more time-synchronized streams of video data between a client and a server. This protocol is also used in combination with the RTP and is interesting because it provides ‘VCR-style’ functionality for the video stream, such as play, pause or fast forward and reward. 

· RSVP: this supports both multicast and unicast networks and is used to setup reservations for network resources. Thus, at each node of the network, it attempts to make a resource reservation for the stream. This protocol is also important because it is responsible for maintaining the requested level of service.
CONCLUSIONS/RECOMMENDATIONS
The big problem with the HDTV cameras was the size of the signal they provide. With the compression technologies such as MPEG2 or MPEG4, the Gigabit Ethernet used with fiber optic cables and the ‘HDTV over the web’ technology, using HDTV cameras in a Cable Based Ocean Observatory seams possible.
Nevertheless, some technical issues still exist like the problem of lightning. Thus, we need to think about a meaning to provide light enough to film without burning the bulbs.

The management of data and its storage also need to be designed. Thus, we could think about the HD-DVD or the Blue-ray technology. Effectively, those two technologies allow to store at four times what could be stored on a standard DVD.
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APPENDIX
I will put my official report in appendix, but it still need to be corrected by Dan so…As soon as it’s finished, I’ll email it to you!
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Figure 1: Neptune’s Network around Juan de Fuca Plate
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Figure 2: Networks and Sensors





�





Figure 3: Neptune as an extension of the Global Internet
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Figure 4: MPEG compression technique
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Figure 5: System of reference pictures in MPEG compression technology
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Figure 6: Example of a scene divided in media objects
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Figure 7: Difference between a MPEG2 compression (left) and a MPEG4 compression (right)
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