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Introduction

Traditionally within the PDS, data products are and have primarily been distributed via physical portable media such as Compact Disc (CD) or Digital Versatile Disc (DVD). Due to increasing data volumes, data products are also now housed on local hard drive disks or disk farms and distributed through on-line Internet services. Developing and future technologies will impact current and future requirements for data distribution and archiving. Although on-line data distribution services are expected to be a primary method for product distribution to the science community, some form of interim and long-term portable-media archives may be desired for most if not all distributed datasets. 

Data archive requirements regarding Mars Odyssey data are of immediate concern. The Odyssey orbiter carries three science instruments: the Thermal Emission Imaging System (THEMIS), the Gamma Ray Spectrometer (GRS), and the Martian Radiation Environment Experiment (MARIE). Estimates for processed data from the primary and extended missions could total as much as 5 terabytes for the THEMIS instrument alone. Currently, THEMIS is producing 200+ gigabytes of data every three months. GRS data per release involve ~15 gigabytes of telemetry data, processed into ~30 gigabytes of EDRs and RDRs. MARIE should downlink 2.8 gigabytes, processed into 5.6 gigabytes. The total volume of science telemetry is therefore approximately 260 gigabytes, and the total volume of raw and derived data from the mission will likely exceed 5 terabytes.

Assumptions

This report attempts to address these immediate needs regarding Odyssey Mission instrument data set archive requirements. It is assumed Instrument Team and PDS input, in the near and long term, may continue to impact these conclusions and recommendations toward an ultimate archive solution. 

This document does not address issues considered to be long-term in nature as related to archive and media issues. Keeping informed of evolving archive technologies is and should continue to be a priority for the PDS and other agencies concerned with data distribution and preservation.

It is also assumed that besides the technological issues discussed here, final archive plans will continue to be reviewed and approved through established channels between Mission and PDS teams (i.e. archive SIS, etc).

Contents

This document is intended to communicate general and specific information along with presenting final conclusions and recommendations. It is arranged as follows; the current status of specific datasets is described in the Dataset Descriptions - Distribution to Multiple Sites section; followed by Magnetic Tape Backup and Hard Drive Off-Line Storage; Digital Versatile Disc (DVD); and High Density or “High Definition” DVD (HD-DVD) descriptive sections. Issues related to digital distribution to data centers are discussed in Data Center Archive and Retrieval. Conclusions and Recommendations sections complete the main document body. The Appendix presents additional relevant information.

Dataset Descriptions

Distribution to Multiple Sites (current status)

Gamma Ray Spectrometer (GRS)

Current Storage Status: Released data are stored on a Level 5 Redundant Array of Independent Disks (RAID) at Washington University (St. Louis) Geosciences Node facilities. AIT-2 tape backups are produced for both on-site and off-site storage.

GRS Data Storage Requirements:

Release 1 (October 2002)
– 22GB (EDRs)

Release 2 (January 2003)
– 47 GB (EDRs and some RDRs)

Release 3 (April 2003)
– 38 GB (EDRs and some RDRs)

Release 4 (July 2003)

– unknown (~45 GB?)

Martian Radiation Environment Experiment (MARIE)

Current Storage Status: Released data are stored on two co-located, yet independent computer systems utilizing conventional computer disks at the Planetary Plasma Interactions (PPI) Node, located at the University of California (Los Angeles). These two systems involve a “working” system and a web server. “Under construction” archive volumes are copied to DVD-R. Three copies are produced. One is stored and not accessed. The second is used for restoration if needed. The third DVD-R copy is stored off-site. Once a working volume is complete, official released archive volumes are produced. DVD-R copies are then provided to the PDS Central Node, to the National Space Science Data Center (NSSDC), and to the Principal Investigator.

MARIE Data Storage Requirements: Storage requirements are precisely unpredictable yet relatively small. One DVD per year is a maximum requirement.

Thermal Emission Imaging System (THEMIS)

Current Storage Status: This information is relevant only to the THEMIS PDS released Standard Data Products. An original version is generated and stored as a “working copy” on computer hard-drive on-site at the Arizona State University data-node facility. A second copy is generated as a result of daily updates to a co-located master server. Subsequent copies of the standard data products are generated by a daily “push” (from the master server) to Co-Investigator sites. These sites include USGS-Flagstaff, Malin Space Science Systems, University of Arizona (Tucson), University of Kentucky (Knoxville), and University of Colorado (Boulder). In the context of producing “archive” versions of data releases, it is important to note that required data corrections (and other processing or technical issues) have resulted in multiple “release” intervals in addition to the nominal release schedule. 

THEMIS Dataset Storage Requirements:

Release 1 (October 2002)
– 200 GB

Release 2 (January 2003)
– 220 GB

Release 3 (April 2003)
– 230 GB

Release 4 (July 2003)

– unknown (~230 GB?)

Magnetic Tape Backup and Hard Drive Off-Line Storage

Description: Magnetic tape and magnetic hard drive media each have certain vulnerabilities in regards to environmental factors. Each requires a constant storage environment with small fluctuations in temperature and humidity. Tape is likely more sensitive as compared to disk. As with any magnetic media, exposures to strong and low-level (for long term) electromagnetic fields (EMFs) are of primary concern. EMF sources, intensities, and locations may be unknown or unpredictable by those arranging for media storage. Also, magnetic tape writing and reading processes utilize error correction technology. In general, conventional hard drive writing and reading does not utilize error correction. 

Process: Tapes should be “exercised” (unwound & rewound) a few (2-3) times before data are recorded. Once written and stored, tapes should be exercised about one time per year. To reduce contamination risks to media and hardware, tape drives used for data archive purposes should be dedicated for archive use only. Hard drive disks should be prepared through low-level formatting along with extensive media checking prior to data population. This includes a system administration process of marking bad sectors for “no use.” It has been recommended that drives be powered and running for up to 30 days prior to data archive. Perhaps 2 weeks is sufficient. Of course, conventional data validation and retrieval testing procedures still apply once data are transferred to media for archive.

Media and Hardware Information:

	Tape Media
	Capacity
	Speed
	Drive $
	Media $

	DAT-DDS4
	20 GB
	3 MB/s – 10 GB/hr
	$1030
	$20

	DLT
	80 GB
	8 MB/s – 28 GB/hr
	$2000
	$70

	Exabyte VXA2
	80 GB
	6 MB/s – 22 GB/hr
	$1300
	$90

	LTO
	100 GB
	32 MB/s – 115 GB/hr
	$4100
	$120

	AIT-3
	100 GB
	12 MB/s - 42 GB/hr
	$3700
	$100

	Super DLT
	160 GB
	16 MB/s – 56 GB/hr
	$4000
	$130


DLT - Digital Linear Tape

DAT - Digital Audio Tape

AIT - Advanced Intelligent Tape

DDS - Digital Data Storage

LTO - Linear Tape-Open

The following are approximate current costs for ATA (IDE) hard drives:

	Drive Capacity
	Cost $

	40 GB
	$90

	60 GB
	$105

	80 GB
	$115

	120 GB
	$150

	160 GB
	$260

	200 GB
	$330


Shelf life: A brief review of industry claims show a 10-30 year shelf life for magnetic tape and possibly 20-40 years for magnetic disk drives.

Digital Versatile Disc (DVD)

Description: Multiple DVD formats have evolved within the industry. These include DVD-ROM (Read Only Memory), DVD-R and DVD+R (Recordable), DVD-RAM (Random Access Memory), and DVD-RW and DVD+RW (ReWritable). In general, for digital data archive and distribution purposes, DVD-R, DVD+R, and DVD-ROM are the desired formats. The supporting technology and relative low costs of DVD-R and DVD+R media have resulted in widespread use of recording operations for in-house production. The desired format for PDS in-house produced DVD recordable media for archive purposes is DVD-R. Please note the DVD+R and DVD-R distinctions above. We are not prepared to recommend DVD+R at this time but this format and supporting technology is being evaluated for future consideration.

DVD utilizes the UDF (Universal Disc Format) file system standard. Within the DVD architecture, a “UDF Bridge” (called “ISO Bridge” by some) provides backward compatibility to the ISO-9660 standard. For PDS interests, media formatted with UDF and UDF-ISO Bridge partitions should result in maximum compatibility across computer systems. This is relevant to software settings discussed in the “CD and DVD Recording Software” and the “CD and DVD recording within Linux and UNIX …” sections below.

DVD Recordable, Authoring vs. General Applications: DVD-R authoring format (635nm laser) was introduced by Pioneer in 1998. The DVD-R general format (650nm laser), authorized by DVD Forum, followed in 2000. “DVD-R Authoring” usage appears to be phasing out in the market and according to one well-known and established developer, is “becoming obsolete.” “General” usage and development now dominates the market and is technologically supported by the DVD industry as a whole.

CD and DVD Recording Software (Windows OS): A variety of CD and DVD recording software is available. Software is usually provided or bundled with a particular recording device. Some software packages are designed to work with a single recorder while others are designed to manage an autoloader type configuration. Some software packages utilized within the PDS include; Prassi, DiskJuggler by Padus, OfficeNet (bundled with Rimage products), and MyDVD. Unless we discover otherwise, we should assume vendor provided software will produce properly formatted media as described by the vendor. However, since we have previously discovered (and reported) bugs within software packages, we should be prepared (through validation procedures) to evaluate all archive media for format incompatibilities. There are multiple file system and format settings available for selection within these recording software packages. It is essential that proper settings are selected when producing archive and distribution media intended for multi-platform and long term use.

So, for in-house DVD Recordable archive production within any recording software system, the following criteria and software settings are recommended;

· Follow the “8.3” or “27.3” file naming convention.

· Use only alphanumeric and underscore “_” characters for file and directory names.

· For DVD, present all file and directory names in “lower case” on hard-drive data staging area.

· Within DVD recording software “File System” settings, select “UDF” for “DVD” and “ISO Bridge” (level 1 or 2) for “CD” settings. “Level 1” is used for “8.3” naming convention datasets, “Level 2” allows for datasets requiring long file names (27.3).

· Note: For PDS archive and distribution purposes, Joliet settings should not be selected.

· Indicate additional settings of “Force Data CD or DVD”, “Close Disc”, “Close Session”, “Disc at Once.”

· Within recording software, apply format and file system settings prior to selecting data tree for mastering.

· Evaluate media or pre-media image with analyzer software (See “Analyzer Software” section below).

(Note: The above terms are used in a “generic” sense. Individual recording software may use similar yet semantically different terms, while intending the same format settings.)

These criteria go a long way in ensuring maximum (although not ultimate) multi-platform and multi-“hardware” compatibility. Properly formatted media (as described above and assuming absence of vendor software bugs and media parity errors) will mount and be readable under most platforms and hardware configurations. However, there may be cases where some media will not be recognized by some hardware under some operating systems. There are complex scenarios likely involving hardware and/or operating system patches, version incompatibilities, or perhaps media parity errors. These issues need to be researched and resolved within a longer-term process designed to resolve a dynamic list of archive problems and issues. So, the current philosophy should be to recognize these minimal limitations while still producing media in the “best” known form. In similar words, there are many factors affecting the application of these archive technologies and we should understand, as we archive within a particular time frame, we may not resolve all problems within a moving window “current requirements” time frame.

Single or two drive recording software is available for under $100 within the Windows environment. The PDS can provide information regarding current software used within various missions or projects. Specific software and media produced by future teams should be evaluated as part of the review and validation process.

CD and DVD Recording within Linux and UNIX Operating Systems: Production of ISO compatible CDs under Linux platforms is well established. Linux “cdrecord” utilities (mkisofs and cdrecord) and vendor interfaces to these utilities can be used to produce CDs in ISO-9660 Level 1 and Level 2 for PDS archive and distribution purposes. However, DVD options within Linux and other UNIX environments are more limited. As discussed earlier, the standard format for DVD is Universal Disc Format (UDF). Linux OS utilities cannot produce UDF formatted DVDs but can produce DVDs formatted as a “large CD.” That is, there are ways to produce ISO, RockRidge, and Joliet formatted full capacity “non-UDF” DVDs. These “non-UDF” DVDs may be utilized for “in-house” data storage but should not be used for PDS archive and distribution purposes. Vendor software and hardware for producing UDF formatted DVDs within Linux and UNIX are available. This is a more expensive option as compared to Windows based recording options. Linux software is available for about $750. Other UNIX OS software is available for about $1500. Specialized packaged UNIX recording systems (hardware and software combined) are available for ~$3300. In summary, producing a UDF/ISO Bridge formatted DVD is more expensive and limited (as compared to Window’s options) within the Linux and UNIX platforms.

Analyzer Software: Some type of media format and image partition analyzer is essential when validating archive datasets. For example, ISO-Buster (http://www.smart-projects.net/isobuster/) is very useful in evaluating the existence and content of UDF and ISO partitions on recorded media or within archive “images” prepared on hard drive for eventual media recording.

CD and DVD Recordable Media: We hesitate to recommend specific brands. However, we will say we should avoid “generic” labels and utilize established industry “name brand” media for final archive and distribution purposes. If desired, low cost (generic) DVD-R, DVD+R, DVD-RW, or DVD+RW media might be used for in-house testing or review purposes. However, we strongly recommend higher quality “name-brand” media be used for final archive and distribution products. We will be glad to communicate additional details as needed. Note: Be sure to inquire with distributors regarding the actual manufacturer of a particular disc. That is, some distributors may be providing discs with a corporate label other than the actual manufacturer. 

Media longevity: Each disc manufacturer has a life expectancy rating. For example and to put this in context, some DVD-R media vendors currently claim shelf-life ratings of better than 100 years. This is based on multiple factors including laboratory tests and environmental assumptions and obviously cannot be literally validated at this point. However, independent testing, by private and public entities, has revealed vulnerabilities and concerns regarding post-recorded media longevity and compatibility. Results from recent media tests performed by the National Institute of Standards and Technology (NIST) and private vendors such as Alpha DVD remind us that we need to pay attention to media qualities as well as recognize and minimize physical and environmental impacts in order to maximize access and recoverability within this valuable archive technology.

CD and DVD Labeling: Thermal transfer or ink-jet printing on matte or lacquer media surface is recommended over adhesive labeling. Thermal transfer is preferred as ink is susceptible to moisture smearing. Unstable adhesive labels may damage hardware and there may be a potential for adhesive label glues to have a long-term negative effect on media surfaces or substrate materials. Cautionary Note: Both CD and DVD media have a ridged stacking ring on the data side of the disc. In addition, some DVD media also have a stacking ring on the label side of the disc. This stacking ring can damage print heads while printing. Check for settings within the printing software or printer drivers that allow for lifting of the print heads (eliminates printing) for this area of the DVD disc. 

Industry caution: There is an apparent problem (and solution) in using new higher speed rated (4x) DVD-R media within lower speed (1x, 2x) recorders. According to Pioneer, “ … DVD recorders will require a firmware update in order to avoid potential damage to the units and discs. The source of the problem is a firmware ‘bug’ in certain Pioneer DVD-R/RW recorders and drives, and not with the high-speed media itself. As a result, use of the new high-speed discs for recording on these particular Pioneer products may cause damage to both the loaded disc and to the drive/recorder.” See http://www.pioneerelectronics.com/hs/pioneer.html for additional and firmware upgrade information.

Recording Hardware: The following is a list of known DVD+R and -R recorders with model numbers and approximate price (other models may be available).

DVD+R

Philips DVDRW228 DVD+R $350

DVD-R

Panasonic SW-9571-CYY DVD-R $200

Pioneer A05 DVD-R $200

Toshiba SD-R5002 DVD-R $200

TEAC DV-W50E DVD-R $200

BOTH +R and -R

Sony DRU-510A DVD-R +R $350

Pioneer A06 DVD-R +R $300

NEC ND-1300A DVD-R +R $280
Media costs: High quality DVD recordable media are available for $2-$3 per disc. Lower quality media are available but should be used with caution as described above in CD and DVD Recordable Media. 

High Density or “High Definition” DVD (HD-DVD)

There are various contenders regarding a future form for HD-DVD. These include blue laser (405nm wavelength) applications called “Blu-Ray,” “Next Generation HD-DVD,” Blue-HD-DVD-1, and Blue-HD-DVD-2, and red laser (650nm wavelength) “HD-DVD-9” (this is currently a very dynamic issue, there may be other contenders not mentioned here). Blu-ray is basically a more compact version of DVD that results in 27x109 bytes for single layer recordable media and 50x109 bytes for dual-layer ROM (note: for single layer, this is ~5.5 times the current DVD capacity and is a similar “jump” as was from CD to current DVD [~7 times]). Next-generation HD-DVD (20G single layer, 40GB dual layer, recordable) is a minimal extension of the current DVD format. Blue –HD-DVD-1 and 2 are 17Gbyte single layer formats. HD-DVD-9 (dual layer 8.5Gbyte ROM) is an adaptation (improved for high definition) of the existing DVD-9 format. Unlike CD and DVD, which were introduced in ROM form, HD-DVD blue laser will premier as a recordable format. These formats and media are currently being produced in test and laboratory settings. Market demands, technical development, and political and corporate maneuvering will determine the eventual outcome of which format(s) will dominate the market or become a predominant format.

The industry is stating that “HD-DVD” media and recorders (Blue-ray) will be available in the U.S. this fall (2003). These will be RAM type removable cartridge systems. It may take another year for the market to respond with multiple options for this technology. Our personal opinion is there will actually be a longer period before it is practical to implement in-house recording capabilities within work-site computer environments intended for archive and distribution.

So, for immediate and near future archives, we will not be able to consider this HD-DVD option for PDS data archive and distribution needs. However, we should be prepared to utilize any future technology as available and required.

Data Center Archive and Retrieval

Description

National Space Science Data Center (NSSDC) – NSSDC traditionally receives PDS media products for deep archive. PDS archive products (CDs and DVDs) are currently distributed to NSSDC and data retrieval processes are established. For example, once CD media are provided to NSSDC, existing duplicate media or NSSDC generated copies of data volumes are provided by request to the community, including the originating archive producer. NSSDC has plans to equip the facility for DVD duplication capability in the near future. 

Regarding delivery via magnetic tape, shipped hard drive, and Internet data transfer, NSSDC does not have an official plan and policy at this point. However, for longer term planning, the facility is very interested in working with the PDS in establishing a process of accepting large capacity digital data assets for archive and preservation. The NSSDC is prepared to start a cooperative process with the PDS and exercise full cycles of data transfer, archive, and retrieval in assessing options for data preservation and is interested in discussing modification of the MOU for allowing electronic delivery to NSSDC from the PDS.

NSSDC current preference for receiving PDS datasets is CD or DVD media.

Earth Resources Observation Systems (EROS) Data Center (USGS archive facility) – Current operations do not allow for archive of Planetary Data system datasets.

Conclusions

Magnetic tape and hard-drive media use has obviously satisfied image and data processing and storage needs as well as short term archive needs for many years. However, we are not prepared to recommend this technology for long-term archive and retrieval purposes.

There was hope but uncertainty regarding the timing and availability of HD-DVD for archive needs. The formation of a final usable standard for HD-DVD is still too far in the future to consider at this time.

Regarding current DVD technology, despite vulnerabilities mentioned in this document, we are confident that DVD media produced within appropriate guidelines will satisfy PDS requirements for data archive and retrieval. Data preserved on quality and properly formatted DVD media will be accessible by a majority of computer platforms and will be accessible for sufficient periods to satisfy either long-term archive needs or migration requirements to appropriate future media. 

Recommendations

Based on information communicated within this document and PDS experience with former and current archive processes, the current PDS recommendation for MARIE, GRS, and THEMIS PDS archive datasets is DVD-R media formatted as described within this document. 

Appendix Contents:

A.1 - CD and DVD Care and Handling

A.2 - Specification Development for “Archive Grade” Media

A.3 - Quick Reference page from NIST Publication 500-252

A.1 - CD and DVD Care and Handling

Description: As media capacities increase, media and data vulnerability increases as well. Although this issue should be a concern for any digital storage media, it is especially critical for CD, DVD, and High Density media intended for data archive and retrieval. The National Institute of Standards and Technology (NIST) has published a document addressing these issues. The full NIST publication “Care and Handling for the Preservation of CDs and DVDs – A guide for Librarians and Archivists” (NIST Special Publication 500-252) is available online at (http://www.itl.nist.gov/div895/carefordisc/). It includes a quick reference summary page that is included below in A.3.

A.2 - Specification Development for “Archive Grade” Media 

Description: Beginning in June 2003, the DVD Association has established a “government information preservation working group.” This group includes members from the Library of Congress, National Institute of Standards and Technology (NIST), National Archives and Records Administration, United States Courts, U.S. Geological Survey, Census Bureau, Environmental Protection Agency, Johns Hopkins Applied Physics Laboratory, Department of Defense, and the Smithsonian Institution. Some of the initial goals of this group are to:

· Share information, best practices and coordinate activities concerning the enterprise use of DVD and related technologies in the Federal government and related entities.

· Develop cross-agency specifications for DVD to insure interoperability across Federal and not-for-profit agencies.

· Act as a resource and proponent of DVD technology and its deployment throughout the Federal enterprise.

· Develop a standard for “archival quality” DVD media that could be used by agencies to ensure the procurement of sufficiently robust media for their long-term archiving needs.

All of these goals are important with the final item (archive quality) being of primary interest to PDS. These are issues and solutions that will be addressed in the long term. However, it is important to note that this group was established in part due to recognition of media vulnerability and compatibility concerns. Some of these issues overlap with PDS concerns and the PDS should continue its own research as well and participate in and exchange information with this group.

A.3 – Quick Reference page from NIST Publication 500-252

Quick Reference Guide for Care and Handling 
For long-term storage or archival purposes of recordable (R) discs, it is recommended to use recordable (R) discs that have a gold metal reflective layer. 

	Do: 
1. Handle discs by the outer edge or the center hole. 
2. Use a non solvent-based felt-tip permanent marker to mark the label side of the disc. 
3. Keep dirt or other foreign matter from the disc. 
4. Store discs in plastic cases specified for CDs and DVDs, store upright (book style). 
5. Replace discs into jewel cases or video DVD cases immediately after use. 
6. Let discs acclimate to changed environmental conditions by leaving the disc in its packaging (or case) to buffer the effects of the environmental changes. 
7. Wait to open a recordable disc package until you are ready to record data on the disc. 
8. Store in a cool, dry, clean air, dark environment. 
9. Remove dirt, foreign material, fingerprints, smudges, and liquids by wiping with a clean cotton fabric in a straight line from the center of the disc toward the outer edge. 
10. Use CD/DVD cleaning detergent, isopropyl alcohol or methanol to remove stubborn dirt or material. 
11. Check the disc surface before recording. 


	Do Not: 
1. Touch the surface of the disc. 
2. Bend the disc. 
3. Use adhesive labels. 
4. Store discs horizontally for a long time (years). 
5. Open a recordable optical disc package if you are not ready to record. 
6. Expose discs to extreme heat or high humidity. 
7. Expose discs to extreme rapid temperature or humidity changes. 
8. Expose CD-R or DVD-R/+R discs to prolonged sunlight or other sources of UV light. 
9. Write or mark in the data area of the disc (area where the laser reads). 
10. Clean in a circular direction around the disc. 


	CDs especially, Do not: 
1. scratch the label side of a CD. 
2. use a pen, pencil, or fine tip marker to write on CDs. 
3. write on CDs with markers that contain solvents. 
4. try to peel off or re-position a label on a CD. 


General recommendation for long-term storage conditions
	Archival Storage Facility - Recommendation for storing CDs and DVDs together 

	Media 
	Temperature 
	Relative Humidity (RH) 

	CD, DVD 
	Greater than 4°C, less than 20°C 
	20% to 50% RH 

	A temperature of 18°C and 40% RH would be considered suitable for long-term storage. 

	A lower temperature and RH is recommended for extended-term storage. 


From NIST SP 500-252 May 2003

