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Presenter

Senior Systems Administrator — Library of Congress NAVCC
Responsible for:

— Library of Congress — National Audio-Visual Conservation Center in Culpeper, VA

* Preserving all forms of recording from the dawn of recording to today’s audio, moving image and electronic
gaming & learning
* Converting entire physical archive to digital for access and preservation

Previous projects:
— Sarnoff Research Center:

— ABC r:]JJJ & selavnur)
— FoxiNews Channel=Hirstall=digitaliacilitylatnchi&sshakedown
= ntelsat
— MCI/Vzrizaonsusiness Digiell VdizTeeriolagias Eiratle
— Daslgp Englnzer, LOC NAYCE Culgagar, VA (2008-9)
> Mlermogr: AES, EEE, I\JATAS, SMIFTE & WEBE
> Fracuerncy coordinator — Netlorial Caoital zires
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Today’s Course

This workshop was adapted from these seminars:

— Advanced Television Test Center (1988-1996)

* Original digital television lab for the U.S. broadcast DTV standardization process

PBS Advanced Television Field Test Project (1993-96)
* Original field tests of the U.S. digital TV standard

Harris/PBS DTV Express project (1998-99)
PBS DIV educational program (1998-2006

e Educated ULS: Publicitelevision personnelionimediaiproduction andbroadcast
CONVErSIon terdigital

= SIVIRIEY EBESAUS NI FENSInEE NS ECLUNES
=S RealWoereeIgiINmESINENmMpPIEMEN e O NIEXPEMNENTES!

— Portlons of inls ,)rruanurlon afe Usael Witn €ne garmissior of ke sggye
organizztions. Tne coovyrignts rarmaln Witn tre originzl owrnars,
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Agenda

* Introduction

e Basics of analog moving images
— Video
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Agenda

e Evaluation of physical media
— Human inspection
— Tape inspectors & cleaners

* Choosing an archival file format

— Compressea oruncompressed
L IESYSLEMS

— PEInnng fEletors

— Clizlity coritrol

— Bli-2rror rate

: S—————
— Business IT vs, arcnival IT
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Agenda

* The end of the workflow: storage
* Long term archival storage planning:
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Agenda

* The end of the workflow: storage

* Long term archival storage planning:
— Regular migrations




Questions?

Please wait for the end of the presentation!
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Introduction




TV Studio Technologies

Analog - 1940s & ‘50s
e Black and white video systems —

— UK 405 line: on-air from Alexandra Palace, London 1936-9, 1945-1991

— US 525 line B+W (‘NTSC 1’): July 1, 1941 on 6 channels
* NTSC: National Television System Committee

— France 819 line B+W: 1947
e Color video:




TV Studio Technologies

Analog - 1960s

* PAL/SECAM analog color systems join NTSC on the air
— PAL: Phase Alternating Line (1964)
— SECAM: Sequential Colour avec Memoir (1968)
e First ‘affordable’ VTRs produced:
— Sony 2” helical VTR (movies on airplanes)
— Incompatible 1” VTRs introduced by Sony, Ampex, others




TV Studio Technologies

Analog - 1970s

 September 1971: Umatic VTR introduced
— VCR starts to appear as a term: videocassette recorder

e 1972: Electronic news gathering (ENG) begins to appear at the political
conventions

— 1973: WCAU-TV Philadelphia first TV station to test ENG




TV Studio Technologies

Analog - 1970s
 September 1971: Umatic VTR introduced

— VCR starts to appear as a term: videocassette recorder
e 1972: Electronic news gathering (ENG) begins to appear at the




Starting the Move to Digital
Video Developments - 1970s

* Digital video “islands”
— Digital inside individual pieces of equipment
— digital timebase correctors (1973)
— digital frame synchronizers (1974)




Starting the Move to Digital

Standards — 1970s & 80s

* Analog component video standard set: 1978
— Set RGB standard

— Also set component color difference standard
* Y, R-Y, B-Y (aka YPbPY)




Starting the Move to Digital

Video Developments - 1980s

 ENG takes a step forward:

— Panasonic M-format (1981): component analog format

— Sony Betacam format (1982): component analog format

— First entry of true component video into everyday production
* Firstdigital VTRs:

— D1: First digital component VTR (1986): 8-bit 4:2:2 YPbPr




Starting the Move to Digital

Developments - 1990s
e 1994: MPEG-2 standard adopted (ISO 13818)

— First high-quality lossy compression system available
e Lossy: parts of the original essence are discarded and cannot be recovered
— Allowed full-resolution SD & HD
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Digital Video Comes of Age

Developments - 1990s

 HD-SDI standard set (1996)
— SMPTE 292M
— Enabled 720p60, 1080i29.97, 480p & 576p digital video
* New digital VTR formats:
— Digital Betacam, D5, DVCam, DVCPro, MiniDV, Digital-S
digital HD VTR




Digital Video Comes of Age

Developments — 2000s
* JPEG2000 standard adopted: 2000 (ISO 15444)

 HD 3Gbps serial digital interface standard: 2007
— SMPTE 424M & 425M

* HD digital VTRs: D5-HD, HDCam, DVCPro-HD




Migration to Digital:
Would You Like Audio with your Video?

Audio Developments - 1970s — 2000s

e Digital audio processing “islands”~ 1970’s onwards
— digital delays and reverberation units
— digital audio effects

e Mono = Stereo ~ 1980’s




Basics of Analog Moving Images

\VIGEO



Analog Video

...dissection of image into scanning lines

sync and blanking



Scanning Raster



/ Scan lines viewed edge-on
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Progressive Raster



- Scan lines viewed edge-on
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Colorimetry

System: SMPTE
Primary illuminants (X, Y)
Red: 0.6300, 0.3400
Greer: 05100, 0.,5850
Blue: 0.1550, 0.0700
55 White point (X, Y): 0.3127, 0.3291

Describes the color
values within a
photograph / image.




Luminance and Chrominance

* Monochrome, luminance signal known as “Y”
Y=0.3R +0.59G + 0.11B

Color difference si
R=Y/

B-)

In NTSC, trigse cfe orgcassac tg o
thlert are rrioduleriac] oo tr2 colo
In PAL triey g2corre U el V,

COMENNENRENENANSIENEIS
suoezirriar



Analog Waveform

Luminance signal Chrominance signal
\ / on color subcarrier
white
vellow
can
= -r / green black |_ .
&~ (Color burst magenta

red hlue

- Sync pulse




Analog Waveform

Interlace - as seen on a waveform monitor

2d (even) field

with color info overlaid

one frame



Most Common Video Formats

 Expressed in horizontal pixels by vertical lines:
— Don’t forget the frames per second! (fps)

e 720 x486 (525 lines in analog)
— 29.97 fps

e 720x 576 (625 lines in analog)




Interlace vs. Progressive

* This presentation uses:
e ‘i’ for interlace
e ‘p’ for progressive




Digitizing Decisions

* To maintain THE ORIGINAL QUALITY of analog
video:

— 10 bit sampling must be used



Inspecting Your Media

What toHeoK 0.



Inspecting Your Media

Tape:
— Watch out for sticky-shed
— Pre-"broadcast quality” tapes are showing the

Worst ravages of time
]Jr]J r\m,)é,( bethidebuted broadcast guality,

ugn
) '\n\/th] g gefors IJ/3 Weltdn) fors

— Tz102 |2zcar & solicas et )|l

— Mlacnzanical failuras

— If you car afford 2 taoe insoector: SUY [THI



Sticky-shed Treatment

* Only proven treatment is baking

— Heating the tape in an oven to ~130 degrees for
several hours




Sticky-shed Treatment

* |sthere something better?
— We're studying low-humidity treatments

 storage in low humidity for long periods



Inspecting Your Media

* Discs:
— LaserDisc: watch for disc rot
— CED (“RCA Selectavision”): make sure case is OK

o DONOIF OPEN THE CASE OR TOUCH TTHE DISC

—\/jeeoCh & DVIDE

4

=
O

fasggel cliges (15 siivar af galel color): inggaet )
suriziee for 2y Slgns of fot
> fogurneole’ dises: cogytnarr @4 s0or 23 0ossiole!!

— Trigy are not Krowr to age el



Basics of Analog Moving Images

Viotion Picturée Eilm



Film Formats

e Most common formats:

— 35mm (most common theatre format)

* Super35: camera negative format with larger negative taking up the space where
the optical soundtrack would be for higher quality

— 16mm

* very common educational/instructional format
* Used for TV news & documentaries




Film Formats

e Some uncommon formats:

—9.5mm
— 17.5mm (35mm split in half)




Film Resolution

e Resolution is measured in line pairs per millimeter (lp/mm)
— Roughly equivalent to video lines of resolution
— Sometimes express in line pairs per picture height to compare electronically
scanned equivalent
— Depends on many factors

* How the emulsion was made
* How the film was shot (lenses affect resolution actually captured)




Digitizing Decisions

 When converting from analog film to digital:

e Lines of resolution
— Preservation? Get as close to the resolution of the film as possible
— Access? HD or SD will do since it can use common production tools

— Online? Be careful! Choices to go cheap now can come back to haunt you in the future
of broadcast-to-the-home!

* YouTube has a 4k streaming content page!!!




What's This ‘Digital Cinema’?

e ‘Digital Cinema’ standardized by the DCI: Digital
Cinema Initiative

— More info: www.dcimovies.com

* Accepted as the digital motion picture standard by
iety of Motion Picture & Televison




What's This ‘Digital Cinema’?

 Two standardized formats, each with two flavors (con’t):

— “4k”: 4096 pixels by 2160 lines (D-cinema definition)
* 4 times the resolution of 2k
e 24 or 30 frames/second

« 2" variant 4096 x 3112: a good preservation format for 16mm?
— Film scanners today are shipping with this format abilit




What's This ‘Digital Cinema’?

* Produced and distributed as files:
— DSM: Digital Source Master

 The final edition version of an electronic cinema
production




But What Do WE Call It....?

e ...if we aren’t producing DCI compatible files?

 We use ‘Electronic Cinema’
— Calls attention to the fact that it may NOT be DCI




Inspecting Your Media

What toHeoK 0.



Inspecting Your Media

Film:
— Could it be Nitrate?
* ‘moth balls” (naptha) or wet dog smell

» Call'LOC’s film lab ASAP unless you know how: to properly store
dndrnanaie INIthate
* VIest S5mmipreduced before 1951

— VIost:commeErcialftheatrereleasesswereroniNitrate;




Inspecting Your Media

 Film soundtracks:
— Optical or magnetic?

— Optical: variable density or variable area?

netic strips can

— Vlagnetic: treat with caution!' The ma
delaminate easily;

o Bl

— Allfilen spotle g2 elazinde gafora fi is sezneel of cogjeel
— e czraful ngt o clazn off Volr rregngilc sousicirz e



Moving Image Digitization



What is Digital Video?

e System where video information is carried using
digital numbers instead of an analog voltage:

— Samples of each television line are represented as a
series of numbers using binary (digital) coding

— Sync and blanking pulses are dropped as a tool for
raster retrace timing, but the sync timing
elationshipisImalntainedusing special codeswithin
theldigitalistream




Important Concepts

* Bit depth
e Color space

 Native resolution



Important Concepts

e Bitdepth
Determines the number of steps from dark to light that are captured: the more steps the
smoother the transitions

Expressed in bits/channel: 10 bits means 10 each for R, G, B or Y, Pb, Pr, for a total of 30
bits/sample

In audio: determines the signal-to-noise ratio of your audio
* Color space




Important Concepts

e Time code

— Make sure your time code matches your frame
rate (a major problem if you convert to another
frame rate




Important Concepts

e Keeping your audio in time with your video

— If you convert your video to a different frame rate,
you MUST convert your digital audio as well or it

{ V4




Nyquist Limit

 Mr. Nyquist defined that you needed to sample an
analog waveform you wish to represent at AT LEAST
twice the highest frequency in the analog signal to
prevent unwanted artifacts (called ‘aliases’)
— You can sample at HIGHER than the highest frequenc
without penalty; NEVERIower:
2 FeRexamples
SNICEORGNVIHZPICtUENEGUIESE i easiZaVI ISzAsampling
felie
> SMIPTE senclzrel: 13,5 Mrlz for SD, 74.25 MrlZ for 5D
— Aucio: 20 xrlz audio garncdwictn racguires at |2zst 40 <rlZ
sarnoling rate

> AES stancarc: 4410 krlz (cornmercial CDs) uo to 192 «rlz (tne oast
for oreservation)




Analog to Digital Conversion



Analog to Digital Conversion

 Three basic steps:
— Sampling
— Quantizing

— Coding



Analog to Digital Conversion
Step One:

e Sampling

— The analog video waveform amplitude is
sampled (measured) at regular intervals and
converted te aiset ofidigital values: The:
NUMBERBIRSamMPIESIPERSECONENSIKNOWRIAS
CHENSaMPIINSHTEGUERCYS

— Tr2 anzlog sigral st 92 sarnoled 2t
inlenrn of twice
i)

e nigrest frecuericy ir

//

i)
nal, Tnis is tne “Nycuist lirnit”,

m
ou“

Sl



Analog to Digital Conversion
Sampling




Analog to Digital Conversion
Step Two:

°* Quantizing

— For each sample from the continuous
waveform, deC|S|ons are made as to what

r:).. alue W D€ asSIgneEaia ..:;_)_;f

Voltages
eNifaWeliiagenaluenalls l)a.r.fv:,en r'ne /0 NUMIBERS
aVall 219l EXG re,)rruen 0
cdacisior ruUst 92 prlzlele zs
or lower valuz will re,)rruer
value, Functlorally tre sarre s
cowrl,

ORI
Rl

4/

round ng” ug or



Analog to Digital Conversion

Quantizing

Amplitude

Quantization level

o | 1 o s
: ' 0 Quantization error

SIS SO

sampling timings



Analog to Digital Conversion

Step Three:
e Coding

— Assigning numerical values to the sampled waveform. For 8-bit video,
black (or darkest) is assigned 16 and white (or lightest) is 235. All
other shades between white and black must fit between digital value
16 and digital value 235

10ItVideo adds iourtimes more values: 16/ter1016: Smoeother:
graduations withiless obvious “"53,),)1r1J Visiblercontourlinesinithe:
pictureswherertherershoulons el inEes)

= ElECUonICICINEmMaicamenasieaiilimiscannernsiareinoWica a0 NI PO)
UGRIIS/CHERRE!

zlen) of tnres color enznnls zre coclacl:
3 (Z, (PoPr

color eriannel x 3 color erizinnezls = 30 oits/sarmole

r
18 3 =48 oits/sarnole



Analog to Digital Conversion

Related steps:

e Decoding composite video to luminance and
color difference components before sampling
— Not needed if signal is already in component form
| INANCE and color
difilerence sighalSibeiorerconverting teraigital

/)

AN EEMERLSHEIRSEM PRSI ENCOIBIESISHEIS



Proper Terminology: Component

* RGB: Component

Component color difference

— YPbPr (aka Y, R-Y, B-Y): analog, where all 3 are related
to each other mathematically

— YEhCraadigitaliversion o YRPHPrtransmitted seriallyinia
Singiercigitalisignal

2 COMPOSIE

— YUVE Usaclin PAL zinzlog conrlgasiie; mrisusael to sigriify
cornoonant color ciffzrarnice i) rrary contees

— Y1C): Used in NTSC analog corngosite
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Color Subsampling

Color Difference channels may be subsampled

Easy way to reduce bit rate before applying actual
compression in compression systems

=xploits the human visualisystem’s reduced ability ta
see colordetall

J

J]v]’r:]l SguivalentoiRchromineancENColoR Miyanc Wit th
faeltetion 1n MNTSC ziplel PAL



4:4:4 Sampling of One Line

Resulting :D
Samples o r

Video is sampled
@ 4:4:4
Y: 4 samples

Analog waveform



4:2:2 Sampling of One Line

Resulting :D
Samples !

Video is sampled
@ 4:2:2
Y: 4 samples

Analog waveform



4:2:2 Sampling of One Frame

H —_
samples

V
Video is sampled

samples —4 o —0O— o —0 @ 4:2:2:

on each line




4:1:1 Sampling of One Line

Resulting :D
Samples !

Video is sampled
@ 4:1:1
Y: 4 samples

Analog waveform



4:1:1 Sampling of One Frame

H  —

samples

V

samples g! = O 5 Video is sampled
@ 4:1:1

on each line




4:2:0 Sampling of One Frame

H -

samples

V :
Even lines are

samples —O—0—0—0—— sampled @ 4:2:2




Component Video Signals

Eamiliar, yet different....



Waveforms: NTSC and
Digital Component

S

18:20:14

8 5257210 1BpS/0 1Y 9 : 18uS/0 1Y 8 5257201 1BuS/0 1Y
[DTsPLAY! ‘ " [DTsPLY!
RERDOUT READOL T
TRACE

ey

-xh-\L | g7
=

RO TEST RO TEST RO TEST
ON  [GFF) ON  [OFF) ON  [OFF]
FGR ERR FGH EPR PGR ERR o
uE FOCus SCALE INTENSITY FOCUS SCALE INTENSITY FOCUS SCALE INTENSITY

s




Waveforms: Old & New

* NTSC: * Component video:

— Waveform monitor — Three signals:
measures luminance e Yisthe luma

— \/ectorscope component

Measures Cr.is the R-Y (Red
chrominance (I'and @ minus luma)

N the 3:58 COmMpPONEnt

St gezlfflr) s} Ghisithe BEYA(Blue

MIRUSHUmaE)
COIMPLRENT



High Definition Video




HD Digital Component Waveforms

A
1
y

e —
C

Tek 1125.60 2.3 UscDIv T ui
< Tek 112?/60 7.5 Us/.p1v

e
| ——

= 112560
Tek 112560



Digitizing Everything

consumeriviass @Quantities!




Overall Digitizaton Goals

e Archive must be maintained ‘for the life of the Republic
plus 4000 years’

— We have a different perspective on the word ‘longevity’

* Files should be able to stand alene without references
to external databases

— [lots oifmetadataWrapped inithe files!

e Digitizentemsinithelrerginaliguality,
= AUGIENaERISHESINaREWIE HININHENECORCING
— V=g et fig rlerelve resolttlor)

— Filrn seanned et resolution 2euzll to tr2 rignase 2yl
or) fllrr)

— A Aictor Loamrn; 8 S for 35 in daveloornert
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Overall Digitizaton Goals

Use as much off-the-shelf products as feasible

Invent items or write custom software only
When a commercial product cannot fit the

CENDI-FLICC Workshop 5
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Overall Digitizaton Goals

* Audio (for moving image content):
e 48 kHz/24 bit BWF (Broadcast Wave Format) for video
* 96 kHz/24 bit BWF (Broadcast Wave Format) for film
* Multiple multichannel mixes must be planned for

s JPEG2000 ‘lessiess (reversible 5x3)(ISOistandand 15444)
s VIXE@PASNSIVIPAEStandanc SyyIVI=2004)

S E ARG EVEIOPMENT)
) Snori-tarss) @xogaciancys DR wite) BYYE ztelio
> Gozl: JPEGZ2000 losslass witr PCIV aucio witn MIXF OPLz
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Basics of Born Digital Moving
Image Content




Born Digital Moving Image Content

* Two basic types:

— Physical media:
* \/ideotape
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Born Digital Moving Image Content

* The easy part:

— The program material is already in one of the
picture & audio formats we’ve discussed!

S Bcanenn any oo ozeNstoiaiiiere Nl avors ol
COMPLESSION

— JUgt 215 Witn) teloe forrmes, ovar e it wWill gecorse
difficult or irnoossiole to olay gzci cartaln forrnats
r ‘flavors’ of cornirnorn corroression forrnets

CENDI-FLICC Workshop 5
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What LOC is Doing

* Keep the original file ‘for the record'.

* Convert the essence and key metadata to
JPEG2000 Lossless, MXF OP1a file with

EMPECCEN MELAddalad

= Nativeformat & iiidme rate

4

— WillzlllowW sleeass i plziiarizll 225 [f i clollity to

raolzly ine orlginal flle 15 lost



Why JPEG2000 Lossless?

[ -

glcitire earrearre I ey YWel,



A Few Numbers....

e Uncompressed SD: 270 Mbps
e Uncompressed HD: 1.485 Gbps

e Now do the math:
— 270 Mbps X 3600 sec/h = 972,000 Vib/hour (972 Gb/hr)

— J' NISHSWYOUIEStorage: recju]re nentior ONEHOURGRUNCOMPIESSECSD)
VIGED

1495 690395 3800 se/nlr = 5378 Elo/riols
o Divide gy & glts/avie = 658,25 G5 /nolr

— Tnis Is your storage racuiremeant for ONE FIOUR of uncornorassad rlD
vicleo

> Ouyer) !



A Few Numbers....

JPEG2000 Lossless (“reversible 5/3”)

— Averages 2.3:1 compression (depending on program
content)

» Alllblack compresses over 100:1!!
= Vignt bea bitboerng, theugn:...

* Compareuncem r)ré el SP)
205 G5/ ol £ 2.8 = 52,93 G /rlotlr

— 883,25 GB/hour/Z,B = 290 G8/nour

J

> Wrien vo ve milllons of nours, 2.3:1 rezns real

friofrey.



Where Do We Store All This
\V/~ 1al7?




Archive vs. Repository

Archive Repository

* Contents are not meant to be e Contains all of the

accessed except when : :
absolutely necessary. information and documents

Contents must be preserved created by business
forlong periods o time PreCEesses
— 10005/eliyearss

. ) " e Anrarchivercanibe aisuset

s \Willeguire multiple f S
NISIE W CNSIOVEIRUINE s NonEarchive dataicantbe

2 Cap) 92 9art of 2 larger digliz) cisczrelael sifiar eariz)ir)
feoasitory :
L 5 oariac ) rzny cases

b TTre ¢ J|I|<( 0% )orl\/lo
regository s ine arcnive
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Our Digital Repository

* 200 TiB SAN

— Staging area for transmission to backup site and the
tape library

— Backup site has identical SAN & tape library.
s Tape librany.
Steragelek e eEWIthIS000s|etsicurentiyinstalied;
5Y5009IaNRECNNAZOLS
C

frar Jrl\/ using THO000 =g witn LT /1ge currant
icity (9P18 availaole: 37.95P18 witriout rafrasy))

- Ur)g,r acde oatn to “4A8TiB ftaoe 9y 2019
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The Digital Repository

SAM-FES v4.6 file system currently
1016 TiB on tape as of Friday (1/21/2011)
Increasing at approx. 30 TiB/week NOW.

CENDI-FLICC Workshop 5
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What the....?

VB GIBEANBraPIB 7l



Get Your Terms Correct!

kilo, Mega, Giga, Tera, Peta, Exa
— All base 10 measurements
kibbi, mibbi, gibbi, tibbi, pibbi, EXi
— All'1024 base measurements
sl matterswhenyou get torthe PiBilevell
—KENSINSINCHES / ERNMESSURRSIMIIIMELE I £'r g
ciffgfarica gats to 9 dragtie i o) zif2p) it graelse

g
— Aceurziey rrizittars! Rarnaoar tne Vars oro l)e 'na'i:
usa NASA usad incrias ard cor;
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Why T10000 tape?

Bt error ratematters!



Digital Repository Requirements

Data set is essentially permanent

Archive contents must stand on their own (no
external databases required to know: all'about

1)

SVIUSTE scalabl ONENY J,Jr;g SIZENEIBE)
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Bit Error Rate Matters!

 When you get to the PiB level:

» 10/ bit error rates is GiB of errors in your.
repository!

All other gtofelgel aurrenl

— 2 orders of rragnliide Wworse arror rejie!
Wriern vou are migrating every 5-10 yezrs your erjtire
liorary, BIT ERROR RATE MIATTERS!H

CENDI-FLICC Workshop 5
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Issues

Most commercial IT equipment has bit error
rates of 104, including Ethernet backbone

equipment: what good is storage BER of 10
WHER your: s stem’s best BER is 10+

s HeW Olten|to)checkidata Integhitys
— CONLINUGUS aOVE alCERlaINISIZE:

— Rezleling tra etz ez 2lse capmege fil

rlovw ofter) to prlgreca?
— Incividuzl files: every 5-10 vazrs
— Uodate ine rrietadata wrern you rrigrace

CENDI-FLICC Workshop 5
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What About....?

Optical disc formats: none are considered archival
— Non-recoverable errors in large % of discs at 5 years!

* Spinning disc?

— POWEFr requirements:
NS el OUNKEEPITHENCISKSISPINNINEICONSTaNY,
e85 075560720 ESSHINOUMKEC PRI ERIRa A OWAI CWETAWHENNM OIS HE;

LHEm
— Nat consicarad zireniva)!
> EVERY SINGLE DISC will vz reolzcad in uricder 7 veaars

CENDI-FLICC Workshop 5
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What About....?

e Solid state?

* Not able to scale to large sizes affordably
* Worth watching
* Solid state historically has not aged well

CENDI-FLICC Workshop 5
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Cryptographic Checksums

* Numbers that tell us what the original size of
our file was down to the bit

 LOC currently uses SHA-1




When to Check Your Repository?

* Up to you:

— Cost in personnel, time, machinery

— Chance of damaging the tapes just by reading



Future Challenges?



Future Challenges

Finding enough equipment to keep the migrations going
— Hey buddy, can you spare a piece of equipment?

Growing the Digital Repository into the exabyte realm...and
beyond?

— Ettabyte yettabyte....then what....?
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Future Challenges

* Dealing with how our collection continues to age
e Studying how our digital collection’s physical storage ages
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Come See Us in Culpeper!

* Movies shown free to the public Thu, Fri & Sat
every week
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Suggested Resources

SMPTE: Society of Motion Picture & Television Engineers
ATSC: Advanced Television Systems Committee

DVB: Digital Video Broadcasting

NAB: National Association of Broadcasters

Advanced Television Systems Committee

IEEEZInstitute of Electrical & Electronics Engineers: I D\/3

—  Www.amwa.org

National Association of

— www.amianet.org NV I
— www.iasa-web.org

BROADCASTERS


http://www.atsc.org/
http://www.dvb.org/
http://www.nab.org/
http://www.dvb.org/index.xml

Suggested Resources
e JPEG2000 standard (ISO 15444)

* Dolby lLlaboratories website:

Extensive documentation on DolbyAC-5; Doy E &
multchannelimplementationissue; alserprovide
EgulcibINVatdieNelatec emall

— www.dolby.com

)


http://www.jpeg.org/jpeg2000

Suggested Resources
 Manufacturers White Papers & books

— Find a copy of Nvision’s “The Book™ & “The Book II”
paperbacks on digital audio

— Snell & Wilcox books (www.snell.com)

— Jektronix (go to www.tektronix.com)

s “A Guide toStandard & HighrDefinition Digital\Video
Vieasurements
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Srozceast Enginaaring Tutorial for Nor-Enginezars, 3rel Edition® - NAY
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—  “Digital Vidzo and rIDTY” = Criairles Poynton
—  “rlow Video Worls, Secord Edition: Frorm Analog to rlign Definition” - YWeise
—  Puolisnars: Tao/McGraw-rlill & Focus Books

—  www.nhabstore.com for rnzny titles; www.amazon.com fizs rrizfy rrore



http://www.nabstore.com/
http://www.amazon.com/
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