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BACKGROUND

The thirty-year library of deep sea imagery at MBARI constitutes an actively curated library of indexed images that has grown to over 26,000 hours of recordings with over six million annotations. Together with the associated environmental data, this archival record and observational database forms a one-of-a-kind resource for the scientific community. It describes the biological, chemical, geological, and physical aspects of the Monterey Bay submarine canyon and other deep-sea areas including the Pacific Northwest, Northern California, Hawaii, the Gulf of California, Taiwan, and the Canadian arctic. This knowledgebase of information is available to researchers around the world through access to the MBARI Deep Sea Guide and the free distribution of VARS data and software.

This rich historical record is a critical research asset. Projects that use the video archive and associated contextual knowledge often use data extracted from across the entire library. Thus, the preservation and curation of this important and unique library — all of the visual records of deep-sea observations collected at MBARI since ROV dives began in 1988 — requires that all of the proprietary tapes be transcoded into modern file-based records. Given the number of individual tapes and the precision required to preserve the timecode links to the VARS database, the tape conversion process is an enormous endeavor. 

PROJECT OBJECTIVE

The video tape transcoding project will convert existing MBARI video tapes to digital files and integrate them into the new MBARI Media Management (M3) system and VARS annotation and Query systems. This video archive includes Sony Digital Betacam and Panasonic D5 high-definition formats. A large number of these tapes, primarily HD tapes, are single copies with no back up copy. These are the first priority for transcoding. In addition, the physical assets are aging and the Panasonic and Sony tape equipment are becoming harder to maintain. Therefore, it will be important to finish digitizing assets in the next two years to ensure we capture all the information before tape degradation and equipment obsolescence. In order for the majority of the video assets to remain available to staff, we envision this process will be completed in phases as tape archives are transferred to vendor and subsequently stored offsite until they are released for recycling.

RESEARCH AND EVALUATION
 
Vendor research 
1. Created abbreviated and detailed synopses of requirements to discuss with vendors (e.g. tape number and format, codec, file naming, metadata, schedule, QC, delivery methods, etc.) (ADDENDA A & B)
2. Defined criteria to be evaluated and compared vendors in terms of communication/relationships, location, cost per tape or batch, cost of equipment + staff, delivery method, availability/timeline, turnaround time, equipment availability (e.g. DigiBeta or HD decks), etc.
3. Current vendor bids:
	Vendor
	Contact
	Location
	Quote Price

	Advanced Media LLC
	Nimrod Zalmanowitz
	Los Angeles, CA
	$1,732,672

	Blackbox Media Mgmt Services (approx. bid)
	Jeff Beaulieu
	London, England, UK
	$1,053,500

	Iron Mountain Entertainment Services
	Allan Schollnick
	Hollywood, CA
	$932,000

	Preserve South, Inc
	Emily Halevy
	Buford, GA
	$761,021

	Visual Data Media Services
	Juliet Carriker​
	Burbank, CA
	$1,345,614



Considerations for transcoding onsite
1. Early in our investigations we reviewed the SAMMA robotic system (Oracle’s Front Porch Digital). The systems were the gold standard for the Library of Congress, the Smithsonian, and other institutions involved with preserving video. The cost quotes we received exceeded $700,000 for the initial equipment set up alone. Additional costs would have included annual maintenance, training, physical space, and staffing (e.g. as in 2. Below).
2. At this point in time, there are numerous out-of-box systems that are more customizable and cost-effective, including Telestream, CineDeck, and our own M3RS (Softron; shipboard capture system). All of the vendors that we have engaged with, who have the capacity and technical skill to handle our volumes and high-resolution content, use these systems as opposed to the SAMMA systems. The cost of completing the tape transcoding in house, in an equivalent manner to the Iron Mountain bid, is ESTIMATED to exceed $802,000 (ADDENDUM D).
CONCLUSION

From our careful estimation, the best path forward is to pursue a contract with Iron Mountain Entertainment Services in Hollywood, California. The other vendors were too expensive (up to $1.7M), too far away (e.g. UK, Georgia), unable to meet our specifications, or a combination of these factors. Additionally, we have an established rapport and business relationship with Iron Mountain Entertainment Services (IMES) as they have provided many bids for us in the past and have been storing our tape duplicates for decades. 

We do not think it would be wise or reasonable to attempt this digitization project at MBARI. The risks, potential dollar costs, and staff time are simply too high for a one-time project (again, see factors outlined in ADDENDUM D). Attempting to do this inhouse, even with the hiring of two new full-time video technicians, would require a great deal of time for set up and oversight and after completion, the equipment is not be needed for future projects. This would not be a wise use of time for our highly-skilled research technicians, whom we have invested resources into making expert annotators, data, and process specialists. Thus, we also believe our overall productivity and morale would be negatively affected.	Comment by Microsoft Office User: Krw added 12/30/19	Comment by Microsoft Office User: Krw added 12/30/19

PROJECT TIMELINE
I. 2015-2018 Preliminary efforts to plan for conversion of video tapes including detailed workflow, specifications, and many vendor bids. Most significant limiting or unknown factors were: staff availability, budget, fluctuating status of VARS, video tape longevity, implementation of new file recording systems, lack of onsite storage, and uncertainty about building G. 
II. 2019 Q1 and Q2 
a. VideoTAG works to formulate an overall strategic vision for the capture, management, use, storage and distribution of massive quantities of video files (converted and new) results in new, long-term storage solutions that will finally make storage of all of these video files a reality. With that hurdle overcome, we also recommended conversion of all video tapes to preserve this invaluable scientific record, enable continuation of research projects that extract data from across the entire library, and to further machine learning developments and future data mining efforts.
b. Adoption of the video file capture and management system (M3RS) and associated upgrades to VARS near completion and allow us to solidify our file formats and related requirements needed to put out final specifications to vendors.
III. 2019 Q3 and Q4 
a. June to August. RFP w/ specifications went out to our top five industry-level vendors (several consumer level vendors unable to come close to our specs were also eliminated at that point). Worked with top three vendors — determined Iron Mountain best suited to meet our needs.
b. September to November. Initiated and completed initial Proof of Concept by Iron Mountain. Continued negotiating contract. MBARI agreed to loan HD decks (reduces our cost); Iron Mountain agreed to adopt our preferred file generation hardware and workflow to meet our precise specifications with contractual commitment (ADDENDUM E).
c. December. Final proposal received from Iron Mountain Entertainment Services (IMES) (ADDENDUM F)
IV. 2020 
a. Finalize contract with IMES. They require MBARI to commit to 1/3 of tapes before proceeding with Softron system purchase at their facility. Need to revise quote to include tape storage and outline the loan agreement of MBARI HD decks (IMES to maintain decks and return to MBARI in good working condition). DCR (digital storage option) can be removed.	Comment by Microsoft Office User: Krw added
b. Resolve LTO firmware upgrade on MBARI-side that is preventing reading of LTO-8 tapes (Neil)
c. Initiate contract and begin work.
V. 2020–2022	Comment by Microsoft Office User: Krw added
a. Project continuation and completion


ADDENDUM A
Specification for vendors

Initial specifications for vendors:
· Vendor to support tape formats — Sony Beta SP, Sony Digital Betacam (DigiBeta), Panasonic D5 High Definition (HD).
· Vendor to support video compression codecs — ProResHQ (Apple) is MBARI archival format and H.264 is proxy video
· Provide QC (Quality control) and checksum reports (file verification process) report for each tape asset/file
· Deliver progress, verification reports, and asset images for the project on a weekly or bi-weekly schedule
· Follow custom file naming protocol with vehicle, dive, tape number HD or SD, sequence (to denote video segment order from tape), and timecode of first frame for each video, if possible. Example, D451_1HD_3_01103026.mov (e.g. auto-naming, manual entries, metadata extracted from userbits, encoded in atom headers).
· Video tapes will be digitized to two video file clips for 32-min tapes or to four clips for 64-min tapes, and tracked with sequence number in filename.
· Retain original HD or DigiBeta timecode in ProRes file
· Digitize audio track onto both archival and proxy video files
· Media to be delivered on provided hardware, options are LTO tape as primary; cloud download or hard drives (portable or larger) as alternate; or a combination of these. In addition, media stored at vendor facility for 6 months to one year as back-up, cloud storage options may be required
· Location of digitization, either on-site or at vendor facility or some combination of both
· Need short and long-term storage options for video tape assets after digitization. Store assets offsite until final confirmation of video content then release for recycling after 1–2 years
· Completion of project in 18 to 24 months


ADDENDUM B (1 and 2)
Detailed workflow and tasks for vendors and MBARI
 (1 overview and 2 detailed workflow)
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ADDENDUM C
Detailed preparation and management tasks for MBARI

MBARI Staff Tasks:

Gather precise inventory of originals and back-ups in three current facilities:
1.    MBARI Building A: all originals, D5 HD and DigiBeta
2.    MBARI Building G: originals and dubs, D5 HD and DigiBeta (in addition, some BetacamSP originals are stored in boxes in this vault)
3.    Iron Mountain (Hollywood, CA): 10,000+ DigiBeta dubs and Betacam SP originals 

Tape Handling from MBARI vaults:
1.   Additional labeling/barcoding of tapes (?), e.g. to indicate destination, recycling fate, or possibly additional metadata required for conversion to file processes for vendors (e.g. for proper file naming)
3.    Boxing & labeling/barcoding of boxes
4.    Shipment or delivery method(s), vendor pickup with climate-controlled trucks?
5.    Records of tape assets sent and received, including all metadata, barcode, label information/legend.

Tasks during vendor digitization:
1. Follow progress of work through vendor project database and vendor QC reports on a weekly or bi-weekly schedule
2. Check asset images and filename conventions, monitor QC and checksums
3. Receive digitized media at MBARI, load LTO tapes in our LTFS or connect portable hard drives for transfer to staging area on M3. 
4. File format — i.e., converted video files from tapes should be compatible with those generated by the new M3 video digitization processes. E.g. dubs will need to have record time (not local computer time, which is what 1Beyond will grab), begin processing files for filename renaming, spot check video and audio content, and ensure timecode included on ProRes files.
5. File registration – into VARS/M3 (MAM/method TBD)
6. Automate the transfer of registered ProRes files to LTO tape archive after filename corrections are completed, H264 files to stay on M3 unless too numerous then put older ones on LTO tape (1988 to approx. 1999 is SD video, will be accessed less).



ADDENDUM D
Cost of transcoding tapes at MBARI 
$802,000+

A comparison using the same criteria as our preferred vendor, Iron Mountain.

Expenses $702,000
1. Eight recording stations $199,000
a. $34,000 Eight recording stations - 4 Digital Betacam and 4 HD. Costs estimates include purchases (2 @ $10K) and maintenance ($12K per year)
b. $80,000 8 video ingest stations, e.g., M3RS setups (Mac-based Softron) @ $10k each. Similar ingest setup using Cinedeck (Windows-based; used at MBA) is twice as much @ $177,000.
c. $60,000 RAIDs (4 @ $5k) and LTO tape equipment & media (2 @ $20k) for storage/transport of files to MBARI
d. $25,000 Software and barcoding systems to manage physical tapes and metadata. Includes equipment for imaging each asset to retain original label data.
e. $??? Tape monitoring and cleaning – standard infrastructure in vendor facilities, but costs unknown for MBARI. 
f. $??? QC processing (e.g Automatic checksums, levels, drop/black frames, etc. by Tektronix Aurora; plus, 3 point QC audible/visual checks by trained technician) and implementation for every file (specialized MBARI or off-the-shelf software)
2. Two FT technicians $316,000
a. 2080 hours minus 20% leave, overhead = 1664 hours available to work annually. 26,000 hours of tape to process/2 people = 13,000 hours each/4 tapes at once = 3250/1664 hours available = 2 years to complete job. 
b. $316,000 Pay rate of $25/hour minimum (can go to $40+) for skilled video technician + 52% ($13) overhead = 38 x 4160 = 158,080 x 2 years = $316,160
3. Space and transportation $187,000
a. $72,000 minimum estimate. MBARI does not currently have a suitable space to set up equipment, stage tapes, and house two additional employees. Estimate for commercial space 1200 square feet, $2.00/sq. foot space (e.g. Marina) = $2400 + utilities, insurance, etc. = approximately $3000 / month. Additional expenses may include furnishings, supplies, parking, etc.
b. $25,000 Transportation of tapes and finished files to/from MBARI. Small van plus insurance and registration.
c. $90,000 Building G is going away (?) so another suitable temporary storage site would be needed for several years (est. $30k/yr) until successful transfers from original video tapes are verified. Many preservation specialists recommend never destroying originals.
Intangibles and unknowns $125,000 (guess - likely a PT Video Lab staff each year)
1. Spin up time on equipment and recording workflow for existing and new staff.
2. Time for setting up and managing space, hiring and managing technicians.
3. High risks as this is not our area of expertise. The responsibility, infrastructure, and guarantee that a vendor would provide is invaluable.
4. Reduces productivity of existing staff, especially considering we’ve recently become suitably staffed for our current workload.



ADDENDUM E
Letter of intent to negotiate contract w/ Iron Mountain
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ADDENDUM F
Iron Mountain Proposal (Final?) 12/16/19 

Separate attachment
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December 11, 2019 
 
Allan Schollnick 
Business Development Executive Digital  
Iron Mountain Entertainment Services 
1025 N. Highland Avenue 
Hollywood, California 90038 
323-466-9287 (O) 323-578-6111 (M) 
Allan.schollnick@ironmountain.com  
 
Re: Letter of intent to pursue contract with Iron Mountain 
 
Dear Allan, 
 
We would like to thank you, Grant, Michelle, and Kristine for working with us over the last 
several months to identify a solution that meets the requirements of our tape transcoding project.  
 
We recognize that our needs are unique and appreciate your resourcefulness and willingness to 
explore additional options, including the possible installation of the Mac-based MovieRecorder 
system by Softron at your facility. As mentioned, this system has proven very flexible and 
reliable for us in day-to-day operations aboard our research ships. Additionally, their customer 
support has been fantastic – they respond in a timely manner and have been willing to implement 
additional features based directly on our particular needs and feedback. 
 
While we understand that your current Telestream setup would produce video files that would 
meet many of the requirements in our specification, we are pleased that you are considering 
building your own Softron setup to accommodate our full workflow and unique specifications. 
These imagery files and associated metadata constitute an irreplaceable scientific record of the 
diversity of animals and habitats found in the world’s deep ocean. As such, they are a core part 
of MBARI’s research, are shared globally with scientists and the public, and the precision with 
which these files is created is critical. 
 
We remain hopeful that, with the appropriate system in place, the final products from Iron 
Mountain will be suitable for our needs and we can move forward in our negotiations on a 
mutually agreeable contract. 
 
With best regards, 
 
 
Nancy Jacobsen Stout 
Video Laboratory Manager 
MBARI 
7700 Sandholdt Road, Moss Landing, CA 95039 
jana@mbari.org * 831-775-1718 
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MBARI Video Lab prep
Using TapeSummary table in expd:
1. Cleanup: Ensure accuracy on vehicle/dive/tape level. Make new entry per tape. Add notations for: priority 
order for transcoding; special cases = discontinuous timecode, HD highlights only.
2. Ensure EXPD populated so vendor has appropriate info to auto-generate barcode per tape: ROV, dive#, 
tape#. Vendor to provide # series and labels (tape + case)
3. Prepare tapes for shipment or transport by MBARI.



1 MBARI Videotape Archive Digitization Workflow Overview



External Vendor Media Digitization
1. Vendor receives and individually barcodes tapes and cases using EXPD metadata
2. Video files named as:
ROVDIVE_FileStartTapeTimeCode.ext
e.g., V3091_01024428.mov
3. Master files = ProResHQ 422
Mezzanine files = h264, automatic profile, 22,0000 kbps (or h265 if appropriate when begin)
HD frame size = 1920 x 1080. SD frame size = 720x486
File length = approximately 16 minutes each (equal split of 32- and 64-minute tapes)
Use approved encoders that meet our specifications = e.g. Softron, Cinedeck or similar)
4.Embedded metadata in header – Critical: Vehicle+Dive+StartTapeTimeCode, Elapsed time (is this 
automatically calculated by default?). Possible: tape # (separate or add to filename?)
5.Retain time code in file (when available). In QTime .mov write timecode tracks. MP4 (e.g. h.264 doesn’t 
support timecode)
6. Vendor QC digitized media - specify what this means (# of spot check, checksums, how will those data be 
delivered).
7. Vendor provides regular shipments of video files on LTO tape to include one “master” of each file (i.e. 
master, mezzanine) to be provided. Vendor keeps original video files until MBARI confirms receipt and 
functionality of each file. 
8. Vendor (or separate facility) stores original tapes for several years until preservation of full archive is 
confirmed.



MBARI Video Lab post processing
1. LTO tapes are received and imported into Titan/M3_archival_staging
2. For both .mov (ProRes) and .mp4 (h264), batch process digitized files with the SetCreationTime.sc, 
which uses ROV, dive number, tape timecode to look up the UTC date/time for the file create time. A new 
video container is generated that includes the correct create time in the file metadata. Files are also 
renamed to the M3 standard format of ROVDive#_UTCdateTtimeZ_format.ext E.g., 
V4184_20190225T164903Z_prores.mov
3. Files are QCed by VL staff - e.g., checksums derived, visually spot checked, manually counted, etc. 
Some can be automated - compare file start time/duration/file size to dive start + end time, ensure every 
annotation has a corresponding file, etc.
4. Files added to Titan/M3 for VARS registration and long term archiving.
5. Duplicate LTO tapes of the post-processed media are sent to Iron Mountain for offsite storage (part of 
regular IS process).
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2 MBARI Videotape Archive Digitization Detailed Workflow



MBARI Video Lab prep



1. cleanup



Verify accuracy of vehicle, dive and 
tape as labeled on tape



Make new entry per tape



Add notations for



priority order for transcoding



special case (e.g. discontinuous 
runtime, timecode)



HD highlights only



2. Auto-generate barcode per tape 
using existing label-making process 
in EXPD



label includes
ROV



dive #



tape #



3. Place barcode on each tape and 
tape case



External Vender Media Digitization



1. Barcode each tape received



2. Digitize tape



Encode in approximately 16 minute 
intervals



file encoding - include both a 
master and mezzanine



  HD frame size is 1920x1080
  SD frame size is 720x486



Master - ProResHQ 422 (QuickTime Movie)
 
Include timecode track. Timecode should match 
values on tape (critical!)



Mezzanine - (MP4)



  OPTION 1 - h264, automatic profile, 22,000 kbps
  OPTION 2 - h265/vp9/av1 if appropriate at digitization time



Use MBARI approved encoder



file naming



header metadata - I need to dig into this more. I don’t *think* we need the 
vendor to embed any special metadata into the movie file itself (other than 
the filename) ~ Brian



3. QC digitized media
specify what this means (# of spot 
check, checksums, how will those 
data be delivered).



MBARI Video Lab post-processing



1. LTO-8 data tapes received Verification of receipt
Vendor will provide log files of what 
has been completed (XML)



2. Imported into titan:/M3_archival_staging



3. Process master and mezzanine files



1. Extract:
  - initial timecode from Master (.mov) timecode track
  - rov name from filename
  - dive number from filename



2. Lookup initial timestamp of video 
segment from EXPD using initial timecode 
and dive id



4. Rename to 
  a. First letter of ROV
  b. dive number (not left padded)
  c. compact ISO8601 Timestamp
  d. Iron Mountain barcode
  e. abbreviated video codec



abbbb_cccccccccccccccc_dddddddddddd_eeeeee.ext



example:
  a. Ventana
  b. 2345
  c. 2019-01-01T12:34:56Z
  d. ProRes HQ 422



V2345_20190101T123456Z_????????????_prores.mov



example:
  a. Doc Ricketts
  b. 12
  c. 2017-02-19T12:34:56Z
  d. h264



D12_20170219T123456Z_????????????_h264.mp4



3. Set creation-date atom to initial 
timestamp in both master and mezzanine 



4. Files are QC’d by Video Lab staff



specify what this means-checksums 
derived? visually spot checked? 
manually counted? What can be 
automated - compare file start time/
duration/file size to dive start + end 
time? Or ensure every annotation 
has a corresponding file?



5. Move files to titan:/M3 automatically registered and long-
term archive



6. IS makes duplicate backup of 
new videos onto LTO



Video Names for Iron Mountain Trial
  a. Dive ID (variable length, 2-5 characters)
  b. Tape # (variable length, 1-2 characters)
  c. Segment number in tape (e.g. 1, 2, 3, 4)
  d. First timecode in video segment (`:` removed) - optional
  e. Iron Mountain barcode



aaaaa_bb_cc_dddddddd_eeeeeeeeeeee.{mov, mp4}
aaaaa_bb_cc_eeeeeeeeeeee.{mov, mp4}



example:
  a. V123
  b. 4
  c. 1
  d. 01:23:45:19
  e. ??



V123_4_1_01234519_?????????????.mov
V123_4_1_?????????????.mov



Iron Mountain is looking into whether they can put timecode in the name 
easily. The format of the barcode is currently unknown. We should retain 
that as it is our link to iron mountains database. Also, we have not 
established a differentiator in the name for SD vs HD ~ Brian











