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1 Introduction
Technical questions related to preservation and archiving of film, audio and video media are
taking a new dimension in the digital era.
Every one agrees that digitisation (transfer from analogue media to a digital media) is
unavoidable because:
-Analogue devices will be no longer available and it will become more and more expensive to
acquire and maintain them. Even if the analogue media is in a pretty good condition, it will be
more and more difficult to play them. For example 1/4-inch audio-tape recorders are now
manufactured on demand only, video heads for 2-inch VTRs are refurbished by very few
companies over the world and are very expensive…
- Old media inevitably degrade, carrying their own “diseases" due to their manufacturing
and / or their preservation conditions (archivists have now more feedback and knowledge
about old media performance. Fundamental reasons of these diseases are studied, and
the techniques to survey, stop or, at least slow down degradation, begin to exist but are
not completely in use).
In the analogue domain, a good restitution of picture and sound depends not only on the
physical media status, but also on the original recording quality and the playback device. To
ensure the best conditions for preservation, a survey about playback devices is required: not
all the devices are able to playback correctly the same recordings.
Digital coding has brought a universal dimension and appears less “tied” to the media than
analogue coding. For this, future migration from a digital media to another should be easier.
But it is also well-known that digital has its own drawbacks. A digital recording may deliver
excellent picture and sound until bit error rates become too high. Then error concealment
techniques become inefficient and the digital picture and sound may suddenly become
unrecoverable: This is known as the cliff edge effect.
The use of digital compression techniques seems unavoidable in order to reduce costs
(storage and transmission costs) but compression techniques have brought their own types
of degradation. Compression re introduces the notion of levels of quality in the digital
domain. There are numerous Compression techniques and they are evolving and improving
very quickly. Because Quality is a major requirement in a preservation process, their use in a
preservation process should be carefully balanced.
New media for digital recordings will probably bring their own problems. Some of them have
already revealed their limits for long-term preservation, for example CD-R for audio. Though
manufacturers have techniques to try to determine their future performance, we can’t
absolutely be sure of their future behaviour. It is important to note here that the durability of
new physical media will also be tied to the durability and reliability of the recording and
playback devices.
In the digital era, the development of servers and networks will greatly improve the access to
the archived media. To facilitate exchanges, normalisation and use of standards are key
points. In this context, metadata will play an important role particularly in archives
management and processes.

2 Managing Old Film Media
2.1 Introduction
Film has been used for many years in television production and broadcasting and
represented until the mid-eighties more than 60 % of the archival material in stores.
TELECINE was and is still the main conversion tool used in television to get electronic
images from film.
Film was also the unique media used for live programmes archiving until the late sixties, in
fact until video tape recorders became the cheapest way to record live programmes for
archiving. A wide range of film material and different production methods has been used in
the past. The quality was dictated by the genre of the programme, access time and the
economical conditions.
As both film and video materials have been used in a combination for some productions, film
restoration work has to be done concerning related video material. In some productions with
film origination, only the video material can hold the complete programme.
Most of the film materials in television archives are cellulose acetate based. Effects of
temperature and humidity on film image and triacetate base degradation are now well known
through the numerous studies of the Image Permanence Institute (IPI). These studies
demonstrate that films, stored in conditions used by European broadcasters (20 to 22 °C
temperature and 40 to 50 % humidity), have a are likely to be affected by acetic acid at autocatalytic point only 40 years after storage. Unfortunately, that means that large amount of
archive film material will soon degrade with acetic acid, also called "vinegar syndrome".

2.2 List and status of old film media
2.2.1

Positive original camera film only

News and sports required fast access. Consequently, the original film was cut spliced and
directly transmitted through TELECINE. The archived materials were only original camera
films without any copy. Risks on these films are very high because their reuse can lead to a
permanent damage.

2.2.2

Positive original camera film and rush print

When access time was less important, the camera film was copied. The copy was edited and
the original camera film was conformed to the assembled work print. This gave more
freedom in editing. Before cutting, the original film Sound track could be mixed with the
assembled copy material (the work print) and cutting became safer.
The original camera stock was spliced according to the edited rush print and the spliced
camera film was used for studio inserts or direct transmission. Later, these programs were
transferred onto video tape before transmission.
In some cases, the complete programme was shot on positive camera film during
transmission for archiving purposes.

2.2.3

Negative original camera film

Though, raw material for news origination was usually reversal positive film, some
broadcasters cut, spliced and transmitted their news directly from original negative camera
film without any positive copy. This makes very difficult to reuse such archive material.
High quality production, such as drama and series productions, used a more complex
processing chain. This process included negative origination, positive print for off-line editing,

positive print for sound mixing, and finally a graded copy, with or without intermediate
material, for transmission. In this case, complex packs of film material can be stored in
archives. Often, a reprint from negative original film is necessary to reach the required quality
level for current broadcasting.

2.2.4

Negative transfer

New TELECINE technology allows safe negative transfers and pre-programmed image
correction for scene-to-scene electronic grading. It became a popular method of replacing
the traditional final product on film by a video master. The original camera film was either
edited and directly transferred onto video, or edited in the video domain.
When Non-linear Editing (NLE) off-line equipment was introduced, film shots were no longer
copied on film. The video medium replaced the work print and finally, only the spliced original
camera negative remains.
Later, the camera film was no longer cut for transfer. The original camera material was and
still is transferred unspliced onto video to be edited. Final grading usually takes place when
the programme is finished on video tape.

2.3 Major problems related to film
2.3.1
Film base degradation
Problems specific to nitrate-based films
Nitrate film base was used mainly for 35-mm motion-picture film until it was replaced during
the early 1950’s by acetate base materials. Although nitrate film was given up in the early
fifties for acetate "safety" film, some broadcasters have this kind of films in their archives.
The base is excellent for flexibility, strength and clarity, but it is chemically very unstable and
highly flammable. Therefore it is a serious fire hazard and must be handled with the utmost
care. Usually broadcasters do not store this kind of film themselves, but National Archives
do. Programmes on nitrate films should be copied as soon as possible.

Problems specific to acetate-based films
The acetate is the most common base material for film used by broadcasters since the
introduction of television services and is still used for camera negative films. Main risk for
acetate films is its base degradation, often called “vinegar syndrome”. The release of acetic
acid is accelerated at high temperature and humidity level. The reaction can be accelerated
by the presence of a catalyst. The film material loses its plastic properties and dimensional
stability. Degradation results in brittleness, shrinkage, buckle or edge wave, and at the
extreme, in channelling. Any film showing signs of “vinegar syndrome” is probably physically
degraded and may be damaged if it is handled as a normal film.

Problems specific to magnetic sound film (SEPMAG)
SEPMAG film is a film base coated with a conventional magnetic coating of ferric oxide and it
has been used for sound post-production in the film and television industry. Acetate base
was used for over thirty years before being replaced in the 1970’s by polyester base. The
acetate base suffers similar degradation of the picture film but degradation is dramatically
increased because the ferric oxide coating on SEPMAG film acts as a catalyst in vinegar
syndrome degradation, therefore, acetate based SEPMAG film has a higher rate of
deterioration than acetate based picture film.
Many broadcasters store SEPMAG and the picture film in the same box. The SEPMAG film
might be acetate or polyester-based, but both will act as catalysts for any acetate based
picture film.
Many SEPMAG sound films from the sixties are already affected by vinegar syndrome at
such levels that physical deformations are incompatible with TELECINE transfer. In this

case, SEPMAG films must be transferred onto new 16-mm SEPMAG base before a
TELECINE transfer.

Problems specific to films with magnetic striping (COMMAG)
COMMAG film is an acetate-based picture film with a ferric oxide sound track coated on a
non-picture area of the film and was used extensively for 30 years as 16-mm news film. The
presence of ferric oxide speeds up the deterioration. Many news items were produced with
COMMAG film and must be quickly transferred.

Problems specific to polyester-based films
Polyester base materials were introduced in the 1950s. They are far more stable than either
nitrate or acetate base materials and have a good physical performance. Although the
polyester base is also subject to chemical deterioration, tests have shown that it will last five
to ten times longer than acetate.

Problems specific to tape spliced film material
Until 1975, a considerable amount of news and television drama was produced in reversal
(positive) 16-mm film, and edited directly on the original using scotch tape splices. A great
number of these pieces of film are original and unique samples. After ten years or more,
some of these tape splices have become dry dirty, opaque, and so fragile that they break
immediately when processed trough a TELECINE without preparation, and the glue of other
splices, has shifted, and spread on the adjoining film spirals.
Therefore the massive archived edited reversal 16-mm film digitisation process begins with a
preparation phase of the material including an important manual step, mainly cleaning and
repairing tape splices.

2.3.2

Film image degradation

Image Degradation of Black and White Films
Silver images may fade. Temperature only has a minor role in silver image fading. But
humidity however is more important because it strongly encourages oxidation (corrosion) of
metallic silver. The effect of humidity is particularly important in the presence of pollutants or
contaminants in the air, peroxides for example. Ozone, sulphides and contaminants arising
from poor quality enclosure material are the substances that react the most with silver
images and cause fading.

Image Degradation of Colour Films
The main cause of dye fading is the decomposition of the organic dyes due to heat and
moisture. Heat will speed up chemical reactions and humidity will feed the process. The
storage temperature is the most important parameter to control the dye-fading rate. Dye
fading is both a change in the overall density colour balance and a loss of colour tracking.

2.4 Preservation of original films
It is well established that preservation of original film is much more cost-effective than
restoration (mechanical restoration, cleaning, de scratching, and then film copy) and
successive and frequent restoration of film is impossible (successive handling and film copy
introduces a degradation of quality). Original film preservation depends mainly on the storage
conditions and on the control of the environment.
According to EBU Guidance tech 3289 on preservation and reuse of television film material,
proper storage at low temperature and low humidity is the better way to slow degradation of
films considering that preservation as electronic signals will take a long time to be achieved.

2.4.1

Film storage conditions

Macro-environment
Archivists must consider several options when setting the archive environment. After having
checked the condition of the collection, decided the expected usable lifetime and established
a preservation programme for endangered material, archivists must think of the kind of
storage climate they will implement. If a cold storage is chosen, they must consider the
building construction and the design and capacity of an air plant with a vented or a nonvented strategy.
If the vinegar syndrome is present, the use of vented containers or non-vented containers
must be decided. Research at IPI shows that the non-vented principle traps the acetic acid,
increases the catalytic effect and speeds up the degradation rate. The vented principle slows
down the degradation inside the container, but escaping acid in the air may enter other
containers. To avoid this, it is possible to increase air refresh, but this increases the cost of
the air condition plant too. An alternative solution is to install especially designed filters to
remove acid.
The design and the capacity of an air-conditioning plant must be based on the previous
requirements outlined above. Most of the traditional and usual storage facilities are nonvented. Indeed, they are the norm. Experience and researches about the vinegar syndrome
show that vented storage seems to be the best choice for main vault areas. Non-vented
storage remains an option for seriously endangered material.

Micro-environment
A microenvironment climate can be an ordinary closed or sealed can or bag. Using plastic
bags inside cans will of course contribute to further acid trapping. The role of a
microenvironment is to isolate the conditions inside the can. Of course, this is a problem if
the contents are already suffering from the vinegar syndrome. A known method of
microenvironment storage is the FICA method where the material is stored in a vacuumsealed bag.
The use of a microenvironment is recommended only when it is not possible to prevent high
humidity in the storage area. The sealed bags may be pre conditioned with or without
adsorbents. Researches have shown that the benefits of microenvironments using
adsorbents do not match those got by lowering the temperature and humidity of the storage
area.

Storage Containers
In their storage strategy, archivists must choose what enclosure they will use:
• Plastic cans made of polypropylene or polyethylene - for vented or non-vented storage
• Sealed enclosures – sealed cans or plastic bags for non-vented isolation.
• Card board boxes – for vented storage
The main problem with enclosures is the accumulation of harmful gases, acid or rust that can
build up and be almost completely trapped inside a metal or plastic can. If lids are not closed,
the acid can escape. Film enclosures should be made of a type of material that does not
contribute to any chemical reaction within the enclosure. Cans of un-coated iron should be
avoided. Tin-plated and coated metal cans are widely used however there is a risk of rust if
the surface coat is broken. Plastic containers are an alternative. High-density polyethylene
and polypropylene cans seem to be the best choices. There are available plastic or metal
cans that could be vented either through the lid or through punched holes in side of the can.

The properties of cardboard boxes differ from metal or plastic cans. Acid and gas will diffuse
through the box material. This will be either an advantage or a disadvantage depending on
the chosen storage strategy. Cardboard material must be free from harmful remaining
chemicals (ANSI IT9.1-1192 or ISO 18917).

Storage Rooms
•
•
•
•

In a cold storage operation, separated areas are needed for:
The main storage vault
-Isolation of films showing signs of vinegar syndrome
Acclimatisation of material in and out of the main storage vault

Environment and Air Conditioning
An air conditioning installation must be built to protect film archives from air pollution, from
the stored material itself and industrial air pollutants. The air ducts and filters must be
checked regularly. It is recommended to check the filters for micro-organisms too. It is
advised to survey possible rusting of air equipment due to acetic acid. Such kind of damage
has been reported. In a properly designed film vault, solid particles, which may abrade film or
react with the image should be removed by mechanical filters preferably HEPA (High
Efficiency Particulate Air) filters.

Refresh Rate
on the storage
strategies and has practical cost implications. Local weather conditions and/or air pollution
might not be favourable for choosing a high refreshing rate. In a cold storage vault with no
sign of the vinegar syndrome, the air refresh rate can be reduced to the amount determined
by national health regulations. In a vault containing degraded material, it is important to have
a sufficient filtering rate to remove acetic acid vapour. This can be done with an increased
refresh rate from outside and/ or with appropriate filters in the re circulation path. Using a
high refresh rate to remove air-containing acid, is an unsound strategy that is also expensive
in terms of energy.

Air refresh rate is important in an air-conditioned system. The refresh rate depends

Stability of Temperature and Humidity
Stability of temperature and relative humidity helps very much to prevent and slow the decay of films.
This prevents possible physical changes of the material. Stability of relative humidity is considered
more critical since film material adapts itself more rapidly to changes of temperature than humidity.
Stability of the conditions is considered more important than achieving low temperatures.

Aim values for stability:
• Temperature: ± 1°C on an hourly basis.
• Relative Humidity: ± 5% RH on a daily basis

2.4.2

Different Environment Requirements

The Main Vault Area
The target environment requirements for the main vault are:
• Temperature: 5°C ± 1°C on an hourly basis.
• Relative humidity: 25% ± 5 RH on a daily basis
A slight positive pressure to protect from outside conditions is required.

2.4.3

Isolation Area for Actively Degrading Film Material

A separate area can be useful: to isolate degrading material that can affect other cans and to
increase the protection of degrading material. The air supply and circulation for this area
must be isolated from other storage rooms. A separate air extraction and filtering system is
required to remove acetic acid from material affected by the vinegar syndrome. The air
refresh rate will depend on the effectiveness of acid removal from air circulation. Preferred
isolation environments should be at low temperatures to meet the life expectancy targets for
long-term storage of degraded film. Inside the isolation area, the degrading material should
be allowed to remain outside containers and plastic bags. In order to allow acetic acid to
escape faster.
Seriously degraded valuable material should however be immediately copied and further
protected at lower temperatures.

2.4.4

Condensation

When film material enters or leaves cold storage rooms, there are risks of condensation.
Condensation mainly happens when film leaves a cold storage to enter a warmer area.
Condensation helps the development of moisture. Condensation is caused by the fact that
air, at different temperatures, has varying ability to carry water. Moisture is more present in
the air at high temperatures than at low temperatures. The point where the air becomes
saturated with moisture is called the "dew point". The absolute moisture content and the
related dew point (100%RH) are different at different temperatures.

2.4.5

Acclimatisation Area

An acclimatisation room is required for conditioning material entering or leaving the main
vault. Its temperature and humidity depends both on the vault condition and on the outside
condition. Its climate must have a dew point that does not cause condensation on material
coming out of the main vault.
The recommended environmental condition for acclimatisation of material stored at
temperature 5°C and relative humidity 25% RH is:
• Temperature: 15° C
• Humidity: 30% RH

2.4.6

Survey of film degradation

The generation of acetic acid has been identified as the first and most significant indicator of
acetate degradation.
Two parameters must be monitored:
• The extent of the vinegar syndrome.
• The risk of contamination.

Detecting the vinegar syndrome
The smell of vinegar means that the vinegar syndrome is present and that the acid level may
have reached the auto catalytic point indicating that serious degradation is occurring.
Two questions require an answer:
• How far has the deterioration been?
• A physical inspection of the film should be made to check for signs of degradation.
What is the acid value?
There are two methods available to measure acidity
• The free acidity method (the most sensitive and reliable method)
• The pH measurement method (a more practical method)

pH Measurement
The easiest method to check for the vinegar syndrome for large Broadcast Archives, is to
measure the pH of the air, close to the film. pH values from about 6 to 4 in the air indicate
acidity values from 0 to 1 in the film itself. Easy-to-use coloured detecting strips are available
from several manufacturers [IPI, Dancan]. A colour change will appear if acid is present. A
blue colour indicates an acid value down to zero and a yellow colour indicates an acid level
of 1 or above. The colour changes from blue to yellow, which are often referred to as IPI
levels from 1 to 3, represents an acidity value range from 0 - 1. The acid sensor strips are
placed close to the film inside the enclosure for a time specified by the individual
manufacturer. In colder storage condition, the measurement will take more time. Indicators
that can be mounted in the can are also available. These can easily be inspected externally.

3 Technologies for film archives preservation
3.1 Introduction
Preservation of endangered material by copying to another film has been (and still is) the
long-term method advised by archivists. Because programmes shot on films will be used
through electronic media, transfers onto an electronic media can be seriously considered.
Converting films to a digital format will not only stop the ageing process and loss of these
valuable assets, but also will protect against further damage due to stress during replay. In
addition, these digital versions are essentially timeless and will not decay.

Film format

Image area
projectable
(mm)

Aspect ratio Pixels per frame
k x k pixels

Mpixels
0.85

Std. 16-mm

9.65 x 7.26

1.33

1.06k x 0.8k

Super 16

12.20 x 7.35

1.66

1.34k x 0.81k 1.09

35-mm
(USA)

20.95 x
11.33
20.95 x
12.62
20.95 x
11.78
20.95 x
15.29

1.85

2.1k x 1.13k

2.37

1.66

2.1k x 1.26k

2.64

1.78

2.3k x 1.3k

1.37

2.3k x 1.68k

35-mm
(EUR)
35-mm (TV)
35-mm
Academy

Film type

Mbytes per
frame

Mbytes/s

Gbytes /
1-hour

3.2
6.6
4.1
8.1
8.9

77
160
100
195
214

285*
595
366
731*
769*

9.9

238

856*

2.99

N / Pr
N
N / Pr
N
N / IP / IN /
Pr
N / IP / IN /
Pr
N / Pr

11.2

270

1008*

3.87

N / Pr

14.5

350

1306*

N

31.2

750

2803

N / IP / IN /
Pr
N / Pr

13.8

332

1190*

19.6

471

1764

N

41.3

992

3715

35-mm
Cinemascop
e
35-mm fullscreen
(USA)

20.95 x
17.53
24.00 x
18.00

2.39

2.1k x 1.75k

1.33

2.64k x 1.98k 5.23

Source: EBU PMC Project group P/STOR

3.67

1

Figure 3.1 Film definition and data rate

* Formats frequently to be found in European TV-archives
Colour depth per channel: 14 bits for Negative and 10 bits for print
N = Negative IP = Intermediate Positive IN = Intermediate Negative Pr = Print
The digitisation of film generates a huge quantity of data. The size of a digitised film file
depends on:
-The number of pictures per second: 24 (film) - segmented frame2 or not, 25 or 30 (HighDefinition video, HD), progressive (p) or interlace (i) scanning.
1

http://www.ebu.ch/pmc_store.html
A 24p system in which each frame is segmented-recorded as odd lines followed by even lines. Unlike normal
television, so the odd and even lines are from the same snapshot in time – exactly as film is shown on today
625/50 TV systems. This way the signal is more compatible (than normal progressive) for use with video systems,

2

- The luminance-chrominance sampling structure 4:4:4 or 4:2:2.

- The picture resolution selected:
• 2k film scanner resolution: 2048 pixels per line x (up to 1556 lines).
• 4k film scanner resolution: 4096 pixels per line x (up to 3112 lines).
• HD digital video: 1920 pixels per line x 1080 lines (ITU Rec. 709-03).
- The number of quantisation bits: 8, 10 or 12 bits.
The table below presents file sizes for various types of film digitisation.

Film scanner
Definition
Sampling structure
Quantization
Nbr of frames / second
Nbr of samples per picture
1-picture file size
Bit-rate per second
(byte-rate per second)
1-hour programme file size

High-Definition video

4k
(4096 x 3112
lines)

2k
(2048 x 1556
lines)

4:4:4
10-bit
24
38.24 M
samples
47.8 MB
9.18 Gbit/s
(1.15 GB /s)
4.13 TB

4:4:4
10-bit
24
9.56 M samples
12 MB
2.3 Gbit/s
(286.8 MB/s)
1 TB

1920 pixels x 1080 lines
4:4:4
10-bit
24
6.22 M
samples
7.77 MB
1.5 Gbit/s
(186.6 MB/s)
672 GB

4:2:2
10-bit
30
4.15 M
samples
b
5.18 MB
1.25 Gbit/s
(155.5 MB/s)
560 GB

4:2:2
8-bit
25
4.15 M
a
samples
4.15 MB
830 Mbit/s
c
(104 MB/s)
d
374 GB

Figure 3.2 Digitised film file size (noncompressed)
a) To compare with 830 k pixels per standard-definition (SD) video picture (730 pels x 2 x 576 active lines).
b) 830 kB per SD video picture
c) 21 MB/s up to 33.75 MB/s (serial digital interface) for SD video.
d) 76 GB for SD video.

Currently, there are 2 ways to transfer film onto an electronic media:
- Perform a direct, real-time TELECINE transfer to a video tape.
In the past, the major problem of a standard TELECINE transfer was to respect the
fidelity of colour and contrast reproduction and was based on subjective alignment and the
skills of the operator. TELECINE performance has been improved to a quality point
enough to match native quality (respect of colour and contrast). This is now possible not
only in standard-definition (720x575, 625 lines) but in High definition video too. (all
standards, interlaced and progressive scanning, 25 and 24 fps). SD or HD TELECINE is
required.
- Digitise it with high-resolution scanners and transfer it to data tapes.
It is possible to scan films into a non-television digital format at any desired resolution
from 2k to 4k. This is mainly exploited for special effects and electronic cinema. For very
valuable material on film, such a direct transfer into the data domain may be suitable
because it can preserve the full potential quality of the original film material (colour gamut,
contrast ratio, aspect ratio…).
But transfer cannot be performed in real-time (average speed of 4 to 8 frames per
second), and need a large amount of data to be stored. It requires high-end and
expensive TELECINE scanning equipment and mass storage devices and cannot be
directly used in a broadcast environment. Another drawback is the lack of standards.
e.g. VTRs, SDTI or HD-SDI connections, mixers/switchers, etc., which may also handle interlaced scans.

3.2 State of the art about TELECINE and scanners
Currently, TELECINE brands are very few on the market. This is due to the small market and
the high costs of the devices. PHILIPS and CINTEL are the main leaders. SONY is coming in
this very small family.

3.2.1

Classification

SD TELECINE
Traditional standard-definition only (SD) TELECINE technology is less and less present.
Manufacturers have stopped the manufacturing of standard-definition TELECINE. Low-end
TELECINE DIXI of CTM (France) is an example of a SD TELECINE at arround 200,000
euros. Sometimes, recent generation of TELECINE cannot perfectly deal with old film (for
example, with films spliced with adhesive tape).
Among them, most used TELECINEs are:
PHILIPS: QUADRA VISION
CINTEL: RANK MIII, URSA DIAMOND and RASCAL DIGITAL.
-

HD and data
Most of SD TELECINE, due to future introduction of HD are evolving towards high definition
(HD) and high-resolution scanning (2k). With the 2 K resolution technology, real-time
TELECINE SD, HD and data technologies are merging in the same device.
- In SD and HD, these devices are able to deliver digital video in real-time and set-ups can
be retained for data transfer.
- In the data mode, they can deliver 2k data at 6 frames per second. The data (with or
without colour correction, zooms, positional moves…) is transferred through high-speed
networks to an associated disk storage complete with file header information. Then the
data can be backed up to a data tape. Used file systems are mainly XFS (SGI UNIX
systems) or NTFS. (NT servers). Price range: from 533,000 to 1 million euros.
SONY FVS 1000 is a multire-solution TELECINE system SD, HD for 16- and 35-mm films
with three 2 Million pixels HD frames. Recent devices like Philips SPIRIT DATACINE or
CINTEL C- REALITY MULTI STANDARD TELECINE propose full resolution RGB with a 2k
variable area scanning for all 35-mm formats, 16- and S 16-mm films.

Data only
Resolutions from 2k to 4k are obtained in scanners used only for very high-end film
production. Main problems related to very high-resolution scanning are the relatively slow
speed transfer, the large amount of data in a non-compression mode, the difficulty to
manage synched audio.
QUANTEL, KODAK, OXBERRY propose such devices on the market.
Presently, there are few high-resolution (4k) film scanners, and they need a huge digitisation
processing time. NTEC is currently developing a high-resolution, high-speed (real-time)
scanner, which, for the first time, will allow for significant reductions in the scanning time.

3.3 Specific playback problems of film archives
3.3.1

Mechanical splices

As previously seen in § 1.3.1, a considerable amount of news and television dramas was
produced until 1975 in reversal (positive) 16-mm film, and edited directly on the original using

scotch tape splices. Some of these tape splices have become dry, dirty, opaque, and so
fragile that they break immediately when processed trough a TELECINE without preparation,
and the glue of other splices has become sticky, has shifted, and spread on the adjoining film
spirals. Therefore the massive archived edited reversal 16-mm film digitisation process
requires a preparation phase of the material including an important manual step, mainly
cleaning and repairing tape splices.
This step requires considerable manpower hours. An average time of 20 hours per hour of
programme is required, with a mean cost of 1000 euros per hour of programme. It is worth
noting that this corresponds to 10 times the cost of analogue video digitisation, and that the
TELECINE transfer represents only 25% of the total cost of the process.

3.3.2

Film and SEPMAG shrinkage

TELECINE have a specified capacity to handle shrunken films. Tyical handling capacity is up
to 3% shrinkage. Checking for shrinkage should be done in the process of preparing material
for TELECINE transfer. SEPMAG followers can have sprocket or capstan transport. The
capacity of handling shrunken SEPMAG must be known when handling archival material.

3.3.3

Wet-gate

Most wet-gate systems use Perchlorethylene, a solvent that is highly toxic but with the
essential property of a refractive index equal to that of the film base. The effect of the use of
a wet-gate is concealing base side scratches. There is a side effect of wet-gate operation,
that must not be overlooked: the solvent will make tape adhesive swell. The adhesive will
stick to the capstan, any PTR cleaning rollers and adjacent layers of film, and will cause
problems.

3.4 New media for film preservation
Digitisation of film may lead:
• To a digital video format that can be directly recorded onto a digital video tape.
• To data that can be recorded as files in file formats recorded onto a data tape or a disk

3.4.1

Digital video options

Standard TELECINE and associated processors have standardised digital outputs CCIR
601, 8 or 10 bits and AES EBU audio outputs. They can be directly recorded onto a digital
video format.
Current High-Definition (HD) digital recording options are:
D-6
HDCAM

(Voodoo Media
Recorder)
Manufacturer
Tape width
Max. recording time

Philips Broadcast
19 mm
8 / 28 / 64 min

a

b

Sony
1/2 inch
40 / 124 min (30
f/s)

D-5 HD

DVCPRO HD
c

Panasonic
1/2 inch
124 / 149 / 155 min

1/2 inch
46 min

Video
HD (& SD) formats

Bit-rate reduction

1080 active lines
1080 @
23.97p/24p/25p/47.97pSf
/48pSf/50pSf
1080 @ 50i/59.94i/60i
Non-compressed
4.4:1 (7.7:1 total)
DCT-based intra-

1080i
1080 @
23.98p/24p/25p/50i/5
9.94i
(720p)
(720 @ 59.94p)
4:1
6.7:1

Sampling structure

Quantisation

4:2:2
Future option 4:4:4:4
(RGBK)
8-bit

Video data rate

994 Mbit/s

frame
3:1:1

4:2:2

adaptative 8-bit /
10-bit
140 Mbit/s (24p)
185 Mbit/s (30p,
60i)

10-bit

4:2:2
Y: 10 MHz
Pb/Pr: 10 MHz
8-bit

267 Mbit/s

100 Mbit/s

4
48 kHz x 20-bit
HD-SDI
Options: SD-SDI /
SDTI

4/8
48 kHz x 20-/ 24-bit
HD-SDI
SD-SDI (output)

8
48 kHz x 16-bit
HD-SDI
Option: SDTI

49,500 - 72,100 $
83,240 euros with
tech. support
110 euros (64 min)
182 euros (124
min)

95,000 $

45,000 $

Audio
Nbr of channels
Digital parameters

Input / Output

Drive list price (U.S.)

Media unit price (for
1000)

12 / 10
48 kHz x 20-bit
HD-SDI
Option: 128 MB/s data
recording / 500GB
cassette
183,300 euros

412 euros (64 min)

122 euros (63 min)
185 euros (94 min)

Source: manufacturers

Figure 3.3 High-Definition digital video recording
a) http://www.broadcast.philips.com/Web/FProductArea.asp?lNodeId=283
b) http://bpgprod.sel.sony.com/bpcnav/app/99999/16/114.99999.subcat.BPC.html
c) http://www.panasonic.com/pbds/products/mnu_vtrs_vcrs.html

3.4.2 Data format options
Data media and servers
Backup of data films can be performed on almost any IT kind of mass storage media: DLT,
DTF, super DLT. The only problem is the very large required capacity due to the heavy
weight of film data. A complete study about mass storage systems is in § 8.4.3 (and § 5.5.2).

Data and Exchange formats
As previously mentioned there is a lack of standards. Currently DPX3 file format is an
industry standard outside the broadcast environment and used for film production and
electronic cinema presentation. Presently the DPX format does not meet broadcasters needs
because it does not contain sound or metadata (SMPTE 268M- 1994 File format for digital
moving picture exchange).

Source: EBU PMC Project group P/STORE
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SMPTE 265M : File Format for Digital Moving Pictur eXchange

4 Management of film archives preservation
As previously seen, the reuse value of a broadcast archival collection cannot be looked upon
as an amount of programme titles. Each programme has its history, how it was produced. It
can be a complete film programme or it can be film segments for a programme that ended on
video tape. Is the video tape still present? is it still playable? Each broadcaster should know
how film has been used. Hopefully this is registered archival information. If not, these
metadata should be established because they are required to define priorities for digitisation
in a large preservation programme.

4.1 Processes for film archive preservation
There are 3 main usable processes for film preservation:
• A traditional film-to-film transfer proces
• A film-to-video tape transfer process
• A film to data process
In a broadcaster’s film archives there are film materials from many types, categories and
generations. Modern TELECINEs are well suited to handle films stocks for shooting,
postproduction and presentation. But the transfer of film archives with specific problems
requires specific skills and set-ups. The correction of image degradation (dye fading and
colour losses that are very difficult to deal with a traditional film grading and print) requires
high-end colour correctors.
Two approaches for preservation can be used depending on the reuse:
•Applying corrections in the best possible way allowing immediate re use but much more time
consuming.
•Apply only basic corrections for preservation and apply corrections later. Archivists prefer
this solution.
In a massive transfer programme, only the second way is realistic.
We should mention here that preparation of the film before the transfer (whatever process is
used: TELECINE or scanning or film duplication) is a long expensive step: cleaning,
sanitising, repair, splice removal…are required. Many of these steps are manual (see splice
repair).

4.1.1
•
•
•
•
•
•
•
•
•
•
•

Description of the various processes

Preparation steps:
Research of identification data (labels, data sheets, books…).
Gathering all materials related to the same document.
If there is no indication on the box it is necessary to view the film to try to identify the
content
Make a test of acidity.
Classify either by date (if documents are dated) or giving a document number and a stock
number
An inspection, a restoration and re conditioning is generally required:
Viewing and checking of the physical status of the film (picture, perforation, splices,
retraction…
Setting a technical data sheet
Preparation for film or video transfer: mechanical restoration, splices, checking picture
and sound synchronisation, editing rolls…
Then a transfer to a new media can be done

Film-to-film: There are 3 main ways to get a new graded copy
NegativeORI
ORI
Negative

Interpositive
Interpositive

Internegative
Internegative

NegativeORI
ORI
Negative

Internegative
Internegative

Gradedprint
print
Graded

NegativeORI
ORI
Negative

Gradedprint
print
Graded

Gradedprint
print
Graded

Figure 4.1 Film-to-film transfer processes

The first one is the safest but the most expensive too. Last one is the least expensive.
Film-to-Digital video
Two ways are possible:
New
New
graded
graded
print
print

4:2:2
4:2:2
telecine
telecine

Digital video
video
Digital
master
master

NegORI
ORI
Neg

4:2:2
4:2:2
telecine
telecine

Digital video
video
Digital
master
master

Exploitation
Exploitation
copy
copy
Digital video
video
Digital
grading
grading

Gradedvideo
video
Graded
master
master

Figure 4.2 Film-to-Digital video transfer processes

Film-to-film via data or High-Definition video

4K scan
scan
4K
NegORI
ORI
Neg

Datatape
tape
Data

Digital
Digital
restoration
restoration

HD
HD
videotape
videotape

HD digital
digital
HD
restoration
restoration

2K scan
scan
2K
HD telecine
telecine
HD

Film
lm
Fi
shooting
shooting

New
New
neg
neg

Graded
Graded
print
print

Figure 4.3 Film-to-film transfer processes via data or HD video

4.2 Comparison of costs of different processes
Obviously the transfer onto a video-based format defined for digital production is far ahead
more time and cost-effective than traditional film-to-film preservation and non real-time highresolution scanning. (a mean ratio from 1 to 10 between video and traditional film process

and 1 to 3 between traditional film process and high-resolution scanning techniques). These
figures must be considered carefully because scanning techniques are quickly evolving but
studies about current practices in film show that scanning is very expensive and usually
applied to 35-mm film only.
However this does not mean that video transfer is the only solutions. The right method
should be chosen according the desired quality and the original quality. It is obvious that
recordings of television films do not require high-resolution transfer. A 35-mm drama should
certainly be considered differently.
Current uncertainty over standards makes difficult to consider massive film material
preservation as high-resolution digital signals, except for specific cases.
Just for example processing of a 35-mm film gives the approximate following Tables:
Process

Average cost

Remarks

Complete film-to-film process:
Neg ORI->restoration->interpositif> inter neg ->
graded copy
Film to data to film process
Neg ORI->scan 2k-> digital restoration->film
shooting

1000 euros /min

This is one example among several
possible processes

3000 - 5000
euros/min

HD 24p transfer is approximately 3/4 to
2/3 the 2kx2k scan transfer.
Digital restoration 300 euros per
working hour.
Film shooting (5 to 6s per frame)
Is about 450 euros per minute

Film ->scan ->to data tape

1100 euros /min

Film-to-video:
Film->restoration->TELECINE->video tape->
video grading -> graded video tape

70 euros /min

Figure 4.4 Costs comparison of 35-mm film transfer processes

4.3 NTEC-Media Digital Film Archiving system
This section introduces, as an example, the system for the digital archiving of film, developed
by NTEC-Media GmbH in Babelsberg. The system encompasses all steps necessary for
acquiring, managing, storing content as data and integrates long-term archiving
requirements. A prominent feature of the system is the Cine-Codec Algorithm, developed by
NTEC-Media GmbH, which preserves the original quality of the film by using lossless
compression technology. In order to give an idea of the problems and solutions that had to
be overcome in the systems development, the cinematic and economic importance of
digitally archiving film is discussed, along with a step by step explanation of the processes for
handling digital film-data. Even though this system is market-ready there are still problems
that have to be overcome before we can look forward to a bright future of converging media.
Meta-information related access, security, long-term preservation and the ever rising demand
for higher resolution or spatial information, to name but a few.

4.3.1

Preface

New films preview in cinemas nation-wide almost everyday. The day before it appears the
film data is sent via fibre-optics into all of the cinemas -with no loss of quality- and without
any logistical problems. Print and electronic publications are able to draw specific scenes or
content straight from the system to illustrate or add content to the articles. It is possible that
outside the cinemas large display systems can be fed with information from the system to
advertise the feature. In the not so distant future all this could be a possibility. There are
many scenarios and areas where technical solutions and concepts will be employed, but until
now there has not been a solution for mass- and long-term archiving of films that offers
seamless integration in a whole concept, that takes of all the components.

4.3.2

Digital Film Archiving

Millions of hours of culturally important film material are stored in archives which is subject to
deterioration, decomposition and possible total loss. Every time a copy is made of the master
there is a loss of quality and this quality loss continues through multi-generation copying. In
the analogue world this is something we have to live with. In the digital world we can clone
material through multi-generations with no loss of quality.
This is the very reason why we should develop a practical digital film archiving solution.
Transferring film into digital data is the best way to preserve and give access to valuable film
stocks.
Today’s film and video archives need to refresh their collections onto today’s carrier formats
so as to make them available and affordable for their users. This will usually involve lossy
compression. There is a wide variety of archive formats and standards, each one requiring its
own replay device, many of which are no longer supported by the manufacturer. Transferring
the collections into data using loss-less compression and high-end storage and delivery
techniques will overcome many of these problems.

4.3.3

Archive versus Broadcast Quality

Digitisation of film creates a huge amount of data: a single frame alone can consume
50 Megabytes of data if it is to match original film quality. Therefore moving pictures at this
resolution will need 9600 Mbit/s to avoid altering the "look and feel" of the film. Digitisation, in
order to meet the cinematic quality, requires at least 4k resolution with every single line, and
even more with large film formats.

In the TV broadcast domain, lower resolutions fulfil the requirements of the broadcaster and
even lossy compression schemes like MPEG 2 are acceptable to the viewer. Film
productions that have been digitally post produced use up to 2k resolution per line.
Deciding to digitise the film archive needs to take into account both quality levels, archive
and broadcast, and which one will best serve the purpose for long-term storage and re-use.
A digital archive whether it stores still images or moving images has to future-proof its
operation by choosing the most neutral and highest resolution quality, free from loss. Lossless can be defined as the level of compression required to reconstruct media to the original
state without any alteration of the quality.

4.3.4

Background for the Solution

We had to take into account all the aspects mentioned above when finding a solution, which
will meet the demands of archive quality.
Digital performance in storage, processing, and transfer devices are moving forward at break
neck speed, and this fast pace of change will necessitate the development of digital archives
to provide the storage capacity and fast retrieval of content.
A digital film archive has to make use of data storage and distribution solutions on the
market, to be competitive. The existing model of client server architectures has to be
modified to meet the demand of the film industry. Data compression techniques have to be
used in ways to meet the demands of users for loss-less, near-loss-less or lossy
compressions.
Processing steps necessary to create archive content easily accessed are to be considered
in a process chain (Ÿ Figure 9), the elements of which represent the different steps and
descriptions of the problems. These can then be easily detected and solved. A chain is only
as strong as it’s weakest link. Thus for every step, demands had to be defined and the an
appropriate IT solution applied. Then to close the gaps our own developments had to be
executed. The following steps had to be made:

Digitisation
Any kind of conversion from analogue-to-digital alters the presence of information; most
importantly the quantisation parameters relating to the chosen resolution.
Digitisation of film poses demands on:
- The colour balance.
- Dynamics.
- Spatial resolution.
- Stability of image.

Colour Resolution
To optimise the reproduction of the colour area, an optimised quantisation that meets the
demand of the original information has to be chosen, which takes into account the
transmission properties of the film material, as well as the influence of light sent through it.

Process Functions
Di giti si ng
Catalogui ng
Compressi ng
Stori ng
Indexi ng
Archivi ng
Searchi ng
Selecti ng
Converti ng

4.3.5

Figure 4.5 NTEC-Media processing chain

Film-scanners scan with 8- to 16-bit colour resolution RGB. To
accelerate processing the colour resolution is often limited to 8 bits.

Spatial Resolution
With regards to the spatial resolution at grain level of the film, a “
quantisation “, which optimises the digitisation of the film must also be
considered.
To enable optimised fidelity in reproduction, the film has to be scanned,
according to Nyquist criteria, with more than the double resolution
(given the size of film-grain to preserve the film-like feeling). Lower
resolution nibbles away finer details. If the chosen resolution is too fine
then noise artifacts will be present, and you will not be able to
reconstruct additional information, resulting in unnecessarily large files.

Stability of picture

Digital film processing requires a stable picture. Problems arise if the film material has
undergone shrinking or heavy use with perforation is damage.
A manual postproduction of single frames or sequences may be unavoidable. We also
recommend to store the unprocessed digital original for archiving. To avoid losses in
digitising, full-frame scanning is recommended.

Cataloguing
Protocolling of film-data, which is done simultaneously while digitising, can be fed to the filesystems. Statistical methods for evaluation of the film material can be detected automatically.
The additional information that may be used as metadata will enrich the digitally stored raw
data. Cuts, scene changes and other similar criteria are extracted, which make searching,
cataloguing and checking of the material much easier. The creation of headers and data for
authoring are subject to manual input. Existing information in other files may be used in the
context too.

Compression
For preservation purposes it is important to archive film in its original quality. Existing
standards of compression (JPEG, MPEG), which incorporate loss of picture information were
used up to this point in time. Lossless compression coding of data failed to achieve stability.
Only now, with the use of integer wavelet transformation, it is possible to perform
compression of film and stills without any loss.
Here pixel based spatial information of the picture is transformed in a description of resonant
waves that let detect areas of redundancy, which in turn are through a mathematical process
integrated and by decompression are reconstructed without mistakes.
Best compression rates are achieved if the noise ratio is low. It proves to be an advantage
too if resolution in digitising of the film material is exactly within the level of the Nyquist
criteria.

Storage
The advantages of the digital film copies are:
• Direct electronic access.
• Non-linear browsing of film data
• Simultaneous access for multiple users
• Electronic non-linear editing
Optimisation is achieved by storing the data on a hard disk. The necessary technologies are
well developed with the spread of EDV systems, which have proved to meet highest
demands of speed, reliability and access.
To optimise speed of access to data, arrays of hard disks with RAID configuration
(Redundant Array of Independent Discs) are used. Here data is stored bits (or block-like) in
parallel on different hard disks. To avoid losses, redundant information or parity bits, which
are calculated from different blocks, are added. Thus failing hard disks can be replaced while
operating the system without the loss of any data.
Broadcasting stored newsreels, for example, have a high access rate for the first two days,
then during the following weeks the usage tails off until it is used rarely. It is known from
government archives that a significant number of newsreels looked at are only 25 years in
the past. This pattern of usage has to be taken into account when a scalable archive system
is in concept. Storage of these very rarely used items would be more cost-effective using
mass storage technology.

Documentation
Documentation of digital data is executed according the terms of classic archiving.
Documentation and material are stored in the electronic archive system and access to both is
provided. Descriptions and digital content are linked to each other electronically.

Archiving
For digital archiving different tape formats and optical systems are available. Optical ones
are based on glass or polymers and data is written and readout by using modulation of their
optical properties. This has the advantage that there is no wear and tear through mechanical
contact. Capacities are currently up to 9,4 GB (DVD format). Re-writable discs, like magnetooptical discs have a of capacity of up to 650 MB, but these will not meet the demands to
archive high-definition digitised film.
Tape based systems can store up to 660 GB per tape. The noncompressed storage of a 90min feature film, digitised in high-resolution of 50 MB/frame, would use 9 of these tapes.
Thus compression is necessary but this has to be lossless for film-data.
Magnetic tape is also subject to deterioration through mechanical and thermal stress.
Modern systems use air cushions to transport tape to prevent hiss.
Possible data-manipulation due to local changes in magnetisation may be met
mathematically by means of stored check information to restore values or arrays of values
known as ECC (Error Correction Code) and is integrated in all of today’s mass storage
systems.

It is necessary to counter check the number of restored mistakes and if necessary to copy
automatically 1:1 on a new medium. The importance of a high-quality, high-performance
product minimises the need to often copy 1:1.

Researching
Automatic cataloguing and documentation with electronic storage of film-data generates
numerous metadata. Commonly available file sharing systems enable a comfortable textbased search.
Electronic preview is required to find the chosen newsreel. The necessity to look through a
stack of archive material and sequentially check them is a thing of the past as well as the
need to use different replay systems like film-monitors or VTRs. An all-in-one system for
digital archiving / searching for has until recently been unavailable. Standardisation is still in
progress and being discussed in different EBU/FTA/SMPTE- workgroups.

INPUT- Devi ces
MP Scan™
Video

CPS™
Kernel

CineCodec™

Data base

OUTPUT-Devices
Recorder
MPACS™

Fil m P rinter

Source: NTEC-Media
Figure 4.6 NTEC-Media system architecture

Out-Play
To provide a usable long-term, commonly accepted archive, the system of choice has to take
care of aspect ratios as well as neutral independent resolutions so that the information of the
digital film is stored in highest fidelity. The medium it is required for; electronic cinema, TV or
web broadcast, has to be able to use the stored data without any problems. The desired
system data has to be able to be generated from the raw data directly, without generation
losses by conversions between different formats, and to take into account upcoming
standards of transmission and display systems.

Transport of data
Transport of data is limited in networks by the bottleneck of the system. Networks like fast
Ethernet or ATM offer, according to the needs of the user necessary speed by concept, but
their capacity is severely limited if a ring is integrated in the network. In a ring network data

packages are sent one after the other in a circle. The number of users in the ring limits
speed. Alternatives are fibre-channel switches.
Here between every server and its user a point-to-point connection is created. Thus the
maximum theoretical speed may be used.

4.3.6

Implementation

"Kernel" of the NTEC solution
A solution for archiving that has to meet the growing or changing demands of businesses,
has to be built around a scalable kernel, that needs to be modular to meet the demands of
the hardware and software around it. NTEC Media uses with its solutions only open
hardware platforms and executes data transfers using standard interfaces, so as to be able
to guarantee a long-term compatibility with systems, even if technologies develop or change.
In its implementation, it was very important to create modules for compression and archiving
of digital data that are flexible enough to meet the individual demands of different users. E.g.
this archive system will make sense for small production companies and feature films alike,
as it is expandable to meet the capacity demands of large broadcasters or film companies
with huge stocks.

Compression with "CineCodec"
CineCodec is a patent protected tool for compression of picture data that has been
developed by NTEC Media. CineCodec is fully compatible with new standards, as NTEC is
part of the JPEG 2000 standardisation commission. A seamless scalable compression for
still and moving pictures is provided in which the user may choose between different levels of
quality of compression.
By choosing the lossless compression, according to the original picture-material,
compression rates between 2-3, 5:1 are achieved. But even a compression rate of 100:1,
according to CineCodec definition, a lossy compression leads to premium state-of-the-art
results, which are far ahead of the commonly used processes at the same compression rate
(JPEG for example).
"CineCodec” uses Integer-Wavelet-Coding, which defines pictures not by pixels but by
interference of their wave functions. This is a very efficient process that codes all of the real
number coefficients of the wavelet-transformation and thus guarantees freedom from loss.
First a picture is divided into one deep frequency (LL) and three high frequency (LH, HL, HH)
bands, which represent all the information of the original.
According to which quality is asked for, only the coefficient of LL, or those of the other sub
bands are used.

Lossless
near lossless
lossy

Image compression
progressive transmission
format conversion
high fidelity
high throughput

Source: NTEC-Media
Figure 4.7 Multilevel quality picture encoding

With this concept, the coding or decoding process is able to be interrupted at any time. With
the transmission of the sub-bands LH, HL and HH more detail is added to the picture. To
secure an optimum in the progressive transmission, CineCodec uses a second method. With
the described system a part of the picture is coded in a way that the maximum information is
transmitted with only a few coefficients of the wavelet-spectrum.
The different bits of the coefficients have different values/importance. A superior sequencing
of coding elements respects the specific values of the bits. Most important are the
coefficients to be encoded or bits of coefficients that have the properties to minimise most
the mean square error of the picture. Thus they are coded in the prominent row.
The whole wavelet-spectrum is divided in different bit planes. The coder does not process
the whole coefficients of the wavelet-spectrum, but codes bit by bit beginning in the
prominent bit-plane the most significant bit of the wavelet spectrum.
In Figure 4.8, the function of progressive coding / decoding is illustrated.

1:3 lossless

1:800 lossy
1:1600 lossy
Source: NTEC-Media
Figure 4.8 Progressive wavelet coding / decoding

A file compressed with CineCodec (displayed as a graph) may be readout entirely or in parts
every time a picture is reconstructed. In the lossless modus the complete compressed file is
used for decoding. The decoded picture is an exact clone of the original. It is subject then to
further processing.
For a preview of images or film-sequences out of the archive, it may be useful for broadband
connectivity or for performance reasons to only readout part of the compressed image data
(lossy mode). Even with the very first bytes of the file, pictures can be reconstructed in a near
original quality, that may be displayed according the percentage of quality desired with less
resolution or, in a resolution fitting that specific task.
For example, different searches for a files application may find a specific object or part within
a picture, even if it is not marked for a low-resolution application. The application of this
search function with only the full resolution file would only create a lot of unnecessary
computing power, because it would afford vast and extensive calculations within that
algorithm. Given the file of the searched for images to be found, they are drawn from the
archive and (lossless mode, complete reading out of file) decoded.
It is also possible to create index files with a readout of only a few bytes per image. So-called
thumbnails may be created (images of low-resolution, similar to an array of icons on the
desktop of your PC). Furthermore CineCodec is able to convert the files in different file
formats that are commonly used like .tif, .tga, .ppm, .pgm, jpg, .cin, etc. The user can
execute decompression from the raw data according to the format and quality he prefers.
The flexibility of this process enables the future formats to be implemented and included in
the system. Presently CineCodec runs well under Unix/ Linux and on the Windows NT
platform. For computer systems with less power a „light version” is available, which encodes
and decodes at slightly less resolution.

CPM/CPS
CPM/CPS (CineProcess Management/ CineProcessing System) is a complete hard and
software solution for mass storage and long-term archiving of film and images. In its kernel
the system consists of the MPACS (Motion Picture Archiving and Communication System) a
server with integrated hierarchical management of storage area. From here access to the
associated storage devices, hard disks, magnetic tapes and optical storage media is
managed. The storage systems are expandable according the demand. Data organisation is
executed throughout three stages:
• On-line section
• Near-line section
• And off-line part
Clients

Devices
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Editing

. . .

. . .
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Rendering
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Source: NTEC-Media
Figure 13: NTEC Media system implementation

In the on-line section with IST servers coupled directly to the hard disk array (RAID),
terminals are connected with glass fibres to enable fast searches, and often used files are
stored there intermediately. Networks have fibre switch connections to ensure the quickest
possible data transports. More than 200 terminals may be thus connected to exchange data
with fast point-to-point connectivity.
Data files that are used so often, they are drawn from the near-line part or stored. Data in the
near-line store are held on magnetic tapes or optical storage media. Connections to the
server are made via SCSI, which provides sufficient speed of access for the storage media.
The off-line section is a classic film archive where data is stored on magnetic tapes or optical
storage media. When they are needed they are manually loaded into the system and readout
to the on-line section. The file information is permanently available if they are on-line, nearline or off-line.
The automated hierarchical storage management organises storage of media in all three
sections and is defined by the user. For example, the broadcaster newsreels would stay for 2
days in the on-line-section. All the information necessary for determining the reels length of
stay on the server, thus the reel may be found easily at a later time in the off-line section.

Other users like a national film archive will find a different type storage management useful
and develop their own profile for organisation. CPS has open connections for further
applications and other electronic film technologies like digital scanners, digital cameras or
video servers could be integrated
The CineProcess Management (CPM) is the software-connection between the different
components of the film archive. Via a common intuitive desktop the different steps, for
example the compression in CineCodec or the content driven search for different films or film
sequences, are executed. Also via CPM distribution of image data files may be automated in
different formats and qualities.
Programming of the CPM/CPS is done in Java; thus software is running on practically every
system platform.

4.3.7

Summarisation / A look in the crystal ball

With the presented system for the first time an integrated solution for film archives has been
developed, ready for marketing. In Babelsberg, a complete solution is up and running with
eight terminals and may be visited. But we have to confess that there will still be a few things
that have to be solved with future apps:
1. Digital film archives will come as a relief for archives, but a nightmare for copyright
owners for their lossless operation. Digital rights management, for example, with
watermarking has to be developed.
2. It is assumed that digital film scanners have to be further developed to speed up
scanning and reduce costs.
An important element, but also a task, of the presented system lies in its flexibility. Digital film
archives are from an economic point of view as well as from the cinematic perspective, the
most secure and reliable solution for saving film stocks in a long-term way and perfect
solution for giving access to the content in this digital age. But they will have to keep pace
with the developments and demands of their users, as well as with technical progress.

5 Managing old audio media
5.1 Introduction
The history of audio recording is closely connected to the media evolution used for this
purpose. It is possible to catalogue old audio media mainly in three different classes:
•
•
•

Magnetic media
Vinyl-like media
Others

This classification is strictly related to the media recording technique and its physical and
mechanical behaviour, although each class shows a variety of particular characteristics
depending on the material mixtures involved with the media manufacturing process. During
years these different material mixtures led to various different degradation conditions
imposing different restoration techniques combined with specific indications for the
preservation process.
The support used for the magnetic media was tape normally wound on open or closed reels.
Vinyl-like media is a term useful for describing the generic format commonly known as
“record”. Historically there was an important evolution in the plastic materials used (often
records inherit the name of the material used). Other media, mainly wax cylinders and TBD,
play a little part in old audio media archives.

5.2 List and status of old audio media
Based on the survey, the following media are considered as relevant to the audio
preservation and then analysed:
-1/4_inch tapes
-78, 45 and 33 RPM vinyl
-Shellacs, wax cylinders (though their contents have already been subject to transcription in
the past years)

5.3 Major problems related to old audio recordings
Apart from each specific media problem, a common risk regarding audio media is the
contamination. Atmospheric dust (also carrying static particles), smoke particles, and
fingerprints are potential causes of playback problems or even permanent damage.
The importance of these exogenous problems is clear, considering the dimensions of
common contaminants (7.5 microns for cigarette ash, 75 microns for human hair, 35 microns
for dust, 15 microns for fingerprints, 30 microns for alcohol residue), compared to the
physical dimensions involved in the recording process (for vinyl records the nominal groove
size is between 60 and 75 microns while the bottom has a 5 microms radius).

5.3.1

Magnetic media for audio recording

Tape was the most used support for magnetic media. It consists of a thin layer of magnetic
oxide suspended within a polymer binder supported by a thicker film substrate. As it name
implies, the binder holds the magnetic particles together and to the substrate.

The binder provides a smooth surface to facilitate transportation of the tape through the
recording system during the record and playback processes. A lubricant is also added to
reduce friction, possible wear, and the tension required to transport the tape.
The substrate is needed to support the magnetic recording layer, which is too thin to be a
stand-alone layer. In some tape systems, a back coat is applied to the substrate backside in
order to eliminate static charges and reduce tape distortion, providing a more uniform tape
pack.
The information is stored on the magnetic media by the exposition of magnetic particles to a
variable magnetic field.

Binder degradation
The binder holds the magnetic particles on the tape and facilitates tape transport. If the
binder loses its integrity (through softening, cohesiveness reduction or lubrication loss) the
tape may become unplayable. "Sticky tape syndrome" or "sticky shed syndrome" are
commonly used terms to describe the phenomenon associated with the magnetic tape binder
deterioration.
Plastic polymers used for binder manufacturing are polyester-polyurethane derivatives and
they are subject to a chemical process known as hydrolysis.
In this process long molecules are broken apart by a reaction with water producing shorter
molecules. These shorter molecules do not impact the same degree of integrity to the binder
as the longer molecules do. Binder coating becomes softer than normal, producing clogs on
the player heads (that will produce drop-outs), higher friction and/or gummy tape surface
residues. The presence of water is necessary for the hydrolysis reaction, and the binder
polymer absorbs it from the air humidity. It is clear that the relative humidity (RH) of the
environment is a fundamental condition to prevent binder degradation.

Lubrication Loss
Lubricants are normally added to the binder to reduce the friction between the thin magnetic
layer of the tape and playback/recording equipment heads. The surface of the magnetic tape
is quite porous therefore the lubricant is normally retained and squeezed out providing a
slippery interface only during the contact with guide pins and player heads. After passing by
the guide pin, the excess lubricant on the surface is absorbed back into the tape surface.
Over time, the lubricant level in the tape decreases because it is partially consumed every
time the tape is played (it migrates to the guide pins or the recorder heads) and because it
slowly evaporates over time. The lubricants used are volatile oily liquids and are also often
subject to degradation by hydrolysis and oxidation; therefore they lose their lubrication
properties.

Magnetic Particle Instabilities
The magnetic particles store recorded information as changes in the direction of the
magnetism of the local particles. Any change in the magnetic particle properties may cause
an irrecoverable loss of the recorded signal.
The magnetic remanence characterises the particle’s ability to retain a magnetic field. It
refers to the amount of the signal that remains after a recording process. The strength of the
signal recorded on a magnetic tape is directly related to the magnetic remanence. The

coercivity characterises the particle’s ability to resist demagnetisation. It refers to the strength
of the magnetic field that must be applied in order to coerce an alteration of the magnetic
field direction of the particles.
To prevent accidental demagnetisation (in most situations, it is not really a problem), it is
necessary to keep all magnetic media away from any potential source of magnetic fields
(loudspeaker, motors, etc.) or heat.
Magnetic particles differ in their stability. Some particles retain their magnetic properties
longer than others do: iron oxide and cobalt-modified iron oxide particles are more stable but
they have a lower coercivity. Metal Particle (MP) and chromium dioxide (CrO2) provide a
higher tape signal output and a better frequency response. A decrease in signal output of few
decibels may be observed over the lifetime of these second particle groups. A signal loss
manifests sounds like a reduction in the clarity and recorded volume. Storing in cooler
temperatures environment can slow the deterioration rate of the magnetic particles.

Substrate deformation
The tape backing, or substrate, supports the magnetic layer for transportation through the
recorder. The earliest tape substrate was paper. Although generally stable, this backing is
very fragile and subject to tearing or breaking during playback.
For over a decade (from 1940s to mid 1950s) an acetate film (cellulose acetate or cellulose
triacetate) was used as tape backing. The acetate substrate is subject to hydrolysis through
the air humidity and the degradation process is known as vinegar syndrome. This process
produces acetic acid (a faint odour can be detected coming from degraded tapes). The tape
becomes brittle and breaks easily if it is bent too sharply. The backing also may shrink as it
decomposes, resulting in changes in the recording length.
Since early 1960's, oriented polyester (also known as polyethylene, PET, or Mylar) was used
as tape substrate. Polyester supports are chemically stable and highly resistant to oxidation
and hydrolysis and it generally outlast the binder polymer.
Tape backing deformation can also arise if the tape experiences non-linear deformation
because of non-uniform tape pack stresses. This normally results if the tape pack winding
quality is poor.

Print-through phenomenon
Print-through phenomenon is the undesired low level transfer of magnetic field from one
layer to an adjacent one on the tape reel. It results in pre-echo or post-echo effects and their
presence is more obvious with high quality support, since a low noise level doesn't mask the
print-through phenomenon.

5.3.2

Vinyl-like media for audio recording

Shellac records
Shellac (composite word of shell and lac) appeared from early 1900s and was the first disc
support produced by industry. The average shellac percentage contained in disc was
approximately 15% with the remaining 85% composed by an aggregate mixture. This wide
range of chemical products in its composition makes rather difficult determining exactly the
causes of shellac discs degradation. Therefore, it is not possible to expect constant
behaviour of all stored shellac records. A major problem for shellac records is
EMBRITTLEMENT. It causes a fine powder shedding from the record after each playback

effectively scraping away the groove information. High humidity air levels accelerate the
process. Shellac itself is fungus resistant, organic materials used in the aggregate compound
are susceptible to fungus attack.

Acetate records
Since 1930s most blank acetate records used for instantaneous recording have been
manufactured using an aluminium base that was coated with nitro-cellulose lacquer
plasticised with castor oil.
78-RPM disks are made of metal (aluminium or zinc) with a cellulose acetate layer. They are
heavy and very sensitive to bumps and climate condition changes. A change in hygrometry
after storage in stable conditions can damage the media.
Shrinkage of the lacquer coating due to the loss of plasticiser oil is the first reason of
destruction of acetate records. It causes internal stresses resulting in a progressive
embrittlement that leads to an irreversible loss of sound information (the coating is bonded
on a shrink proof core). Nitro-cellulose acetate decomposes continuously generating several
chemical reactions: one of these is the release of palmitic acid (a white waxy substance).
They are very susceptible to fungus growth too. Humidity and heat accelerate both losses of
plasticiser oil and acetate decomposition. This is the least stable media for sound recording.

Vinyl records
Vinyl records are mainly made of polyvinyl chloride (PVC) with a small percentage of
stabilisers, pigment, and anti-static substances. Internal plasticisation, through a
copolymerising of vinyl acetate with vinyl chloride, is needed to achieve the required
properties.
Although vinyl has proven to be the most stable material used for records manufacturing
(fungal growth resistant and unaffected by high humidity levels), it degrades when exposed
to ultraviolet light or heat.

5.4 Preservation of original audiotapes
5.4.1

Storage conditions

As previously seen, It is clear that the relative humidity of the environment is a condition
playing a fundamental role to prevent binder degradation.
Storing in cooler environment can slow the deterioration rate of the magnetic particles. To
prevent accidental de magnetisation (in most situations is not really a problem) is necessary
to keep all magnetic media away from any potential source of magnetic fields (loudspeaker,
motors, etc.) or heat.
Disks should be stored out of light. 78-RPM disks should be stored in cardboard boxes and
hermetically sealed to avoid dust. Disks should be stored vertically.

5.4.2

Survey of audio degradation

There is no specific method other than a visual inspection, winding and rewinding the tape
and playing it…Vinegar syndrome should be detected and processed just like films in the
same status.

5.4.3

Management of old audio media

The source material handling is manual. The workflow should ensure that the material is
correctly returned to the archive after processing without any mixed up materials. Though
many items in libraries are bar coded and referenced in databases, many operations during
movement remain manual: compiling notes receipts and additional information for example,
because there are several databases (media database, description database, movement
database…), which are not interconnected.

6 Technologies for audio archives preservation
6.1 Introduction
Currently there are 2 ways to transfer analogue audio:
•
•

To digital audio formats: DAT, CD audio, CD-R, DVD audio…
As files file format onto a data recorder system (tape or disk, CD-R, DVD-R)

6.2 State of the art about analogue audio players
Currently, the analogue audio player manufacturers offer a different scenario between tape
player and turntables mainly due to the media structure and market request. A turntable
gives many freedom degrees because its structure allows several combinations of chassis,
tone arm and pickup models with different behaviour and characteristics create a rather
complex scenario.

6.2.1

Magnetic audiotape player

Many manufactures are moving away from analogue and have stopped to build and sell nonprofessional analogue audiotape recorders.
Looking for a full automated 1/4-inch tape player (1/4-inch is the most present audiotape
format in archives), the STUDER A807 player is a well-known universal player. Also OTARI
produces actually the MX-5050 B III model and MX55 series controllable using a 37-pin
OTARI standard interface.
Concerning the professional market, analogue tape recorders are available only by order. So
they are very expensive and will become more and more expensive.
Spare parts for analogue recorders will still be available from five years to ten years
maximum.
Archive owners must gather as much as possible playback means and spare parts to ensure
future digitisation.

6.2.2

Turntables

The right choice of a chassis - tone arm - pickup system (also known as turntable) requires
the knowledge of the characteristics of each part composing it.
Primary role of the chassis is to support the platter where record is placed, supply the torque
to the platter rotation and avoid that any external vibration could reach the pickup.
Chasing this goal different approach were developed, therefore chassis show different
structures:
• Rigid chassis: is just based on a rigid structure where the motor and the platter are fixed.
It does not require a sophisticated positioning procedure but it needs an appropriate
turntable support able to filter environment vibrations because rigid chassis itself is not
able to perform any kind of decoupling.
• Suspended chassis: is a structure where nested chassis are normally linked by springs.
This structure requires a perfect horizontal positioning but conversely it does not require
a particular attention to the turntable support. This structure can present several

suspended chassis. Normally motor and platter are fixed on different chassis in order to
minimise vibrations generated by the motor rotation.
About the connection between motor and platter there are two possible solution:
• Direct drive: motor and platter are directly connected. Advantages coming with this
solution are robustness, fast platter start and low wow & flutter level. An important
drawback regarding direct drive is the transmission of motor vibration to the platter that
could compromise the overall turntable performance.
• Belt drive: the link between motor and platter is made by a belt. This solution requires an
amount of platter mass (turntables with belt drive transmission have heavy - few kilos platters) and cannot allow any record scratching but guarantees better performance an
optimal isolation from vibrations.
The tone arm role is to hold the pickup during playback offering the best mechanical coupling
between the record groove walls and the pickup itself. For years different tone arm solutions
regarding shapes (straight and “S” shaped tone arm) and anchorage systems to the chassis
(called tangential, unipivot and bearing) were developed. The best solution for robustness,
cost and installation easiness is represented by the straight tone arm using a bearing
anchorage.
The cartridge is an electromechanical transducer that generates an electrical signal from the
information stored on the groove walls.
There are mainly two types of cartridge:
Moving Coil (MC)
Moving Magnet (MM)
Although MC cartridge has a slightly better audio performance, it presents a very low output
level (implying a high gain preamplifier) and normally does not allow changing of worn out
styli. It is clear that for massive playback operations MC cartridges do not represent the best
solution. Conversely MM cartridge allow a simple stylus substitution and a higher output level
reducing problems with preamplifier noise.
The stylus is the cartridge component that performs the mechanical reading of the record
groove walls. There are many different stylus models with different tip shapes in order to
comply the wide range of groove profiles (78 RPM and 33 RPM records have different
groove profiles then for a correct playback they needs different styli). Each manufacturer
normally supplies cartridges with a recommended stylus set (styli presenting different tip
geometry). The most important parameter characterising the usage of a specific
cartridge/stylus coupled with a specific tone arm is the cartridge compliance.
The cartridge compliance joined to the effective tone arm mass defines the resonance
frequency of the tone arm / cartridge part. This resonance frequency must result between 8 –
12 Hz (because, under this range, the system becomes too sensitive to very low frequency
environmental vibrations, and at the same time the resonance frequency must be outside the
audio bandwidth).
Typical stylus life expectancy is about (often less than) 500 hours (depending on the whole
turntable setting and on the record cleanliness).
Regarding the vibration matter, it is obvious that the best playback performance depends on
different factors not only about the turntable itself. Turntable, monitor positioning and tuning,
supports used and attention paid to all these aspects can dramatically change the overall
playback performance.

Considering the turntable requirements for a massive playback operation, suitable parts
available on the market are:
-Chassis:
• THORENS model TD520 + RDC + stabiliser (with electric tone arm lift and automatic
stop) - supported speed 33, 45, 78 RPM.
• VPI model HW 19 MK IV + Clamp - Supported speed: 33, 45 RPM (with SDS option, is
available a speed control supporting also 78 RPM).
• LINN model SONDEK LP12 – Supported speed: 33, 45 RPM (also available Valhalla
Power Supply and Lingo Power Supply - optional control enhancing the motor
regulation).
• KUZMA model STABI – Supported speed: 33, 45 RPM.
All these models are suspended chassis.
AUDIO NOTE produces suspended chassis turntables.
WELL TEMPERED and REGA produce rigid chassis turntables.
-Tone arms:
• REGA model RB250 (Origin Live).
• SME model 309 (9’’).
• SME model 312 (12’’) (higher effective mass but suitable for 78 RPM and for particular
records).
• KUZMA models STOGI and STOGI REF.
All these tone arms have bearing suspension and are made for MC/MM cartridges.
-Cartridges:
Only for 33 and 45 RPM:
• AUDIOTECHNICA model AT440ML.
• SHURE model V15VXMR.
• CLEAR AUDIO model Aurum Beta S.
For 33, 45 and 78 RPM:
• ORTOPHON model OM30 Super .
• SHURE model M78S (only 78 RPM).
• GRADO model SILVER and model GOLD.
• STANTON models 500 EMKII, 681 EEEMK3, 881 MKIIS (only for 33,45 RPM).

6.3 Playback problems of audio archives
The playback process of analogue audio media is composed by a sequence of several
operations that must be executed in order to preserve the status and the health of the media
during the whole process.
The whole playback process can be summarised in three different parts.
A pre-playback process takes in account necessary actions for a safe and correct playback
of the media; an effective playback process involving a suitable player and a post-playback
process considers actions before the subsequent storage of the media in order to optimise
the media lifetime.
Fundamental tasks referring to the pre-playback process are:
•
•

Media identification and analysis
Cleaning procedures and restoration procedures.

The playback process includes the adjustment of the player in order to optimise the
performance and avoid any possible damage to the media.

6.3.1

Records playback

Mechanical records represent the signal as deflections of a groove on a time axis on the
carrier. Though principles used where similar, the record material (wax, celluloid, copper,
vinyl…) has a large influence dependent on the mechanical work the material has to do
during replay
The transcription of these media present several critical issues including:
• Fragility of the media
• Heterogeneous emphasis characteristics
• Heterogeneous cutting parameters
• Scarceness of information
For 78 RPM, suitable styli are now very difficult to find because there are very few
manufacturers remaining. The same stylus cannot be used for all kind or records because
the radius of the pickup stylus has to be adapted to the radius of the original groove.
Difficulty to find proper turntables.
Pre-playback process for records implies a correct identification of the record type. The
importance of this task is evident because the wrong usage of cleaning substances could
damage or even destroy the record. Dust, fingerprints, moulds, fungus and electrostatic
charges must be removed as much as possible in order to have the best audio performance.
Electrostatic charges present the double effect to attract dust and generate unacceptable
discharges during playback. Antistatic brushes manufactured with conductive materials can
be used.
Normally the cleaning fluid is made with distilled water and iso-propilic alcohol (20%) or
better with surface-active agent (available on market: Tergitol 15-S-3 oil soluble and Tergitol
15-S-9 water soluble).
Special attention must be paid in some cases:
Cleaning liquids should be avoided with multilayer records (especially if containing paper):
water could be absorbed causing a deformation of the record surface.
Alcoholic solutions must be avoided with shellac records because shellac starts a
decomposition with alcohol presence.
Palmitic acid on acetate records could be removed using light ammonia solutions (2%) with
Tergitol solution
Several record cleaning machines are available on the market:
• VPI models HV17F (USA)
• Nitty Gritty model 2.5 FI (UK)
• Moth Record Cleaning (UK.)
• Lorycraft Audio model PRC2
Specific playback problems can arise from scratches and record warping.
Scratches can cause mistracking: the only way to solve this problem is to increase the
tracking force (stylus pressure) during playback. This solution could reduce the overall audio
performance if the cartridge does not support the needed tracking force.

Record warping is a problem difficult to solve. For light warp a clamping device (also known
as record stabiliser) could be applied on the turntable pivot in order to perform a pressure on
the record. This method can give only limited benefits. A more heuristic approach consist of a
record warm up (60° C) under pressure (the record is inserted between two heavy glass
sheet)

6.3.2

Magnetic media playback

The pre-playback process consists in the identification of the support type and a following
analysis must verify which operations (cleaning and/or restoration) are necessary before
playback.
Fundamental information regarding tapes are:
•
•

Tape support
Track format

The first operation is the identification of the tape support. Some support needs specific care
before and during playback.
Track format information and playing speed are obviously fundamental for a correct
playback. There are at least three track widths (Ampex-1.9 mm, NAB–2.1 mm, IEC stereo–
2.8 mm) and there are all kind of track formats (full, half, quarter, etc.) in a 1/4-inch tape.
Among popular 2-track formats for 1/4-inch tape, there are at least three track widths. Since
lower frequencies are boosted by playing back with narrower playback head track widths,
this should be taken in account. There are sprays available, which can be applied to reveal
track marks (this method cannot provide any guarantee about format homogeneity along the
tape. A highly diagnostic solution could be the usage of a 4-track 1/4-inch tape player and
setting all channels at level gain in order to see the track format.
As well as physical information, also other information are needed for a correct playback:
• Playback speed
• Equalisation
Tape speeds used for professional application are normally 7.5, 15 or 30 IPS (inch per
second) although 15/16 1-7/8 and 3.75 IPS are also used.
Playback equalisation is usually either American or European (also known as IEC1 and
IEC2).
A correct playback can be achieved only after the azimuth adjustment of player heads.
Unless the playback head is perfectly aligned in same way as the record head was during
recording process, the audio will have phasing problems, which will initially become apparent
first with a high frequencies loss. If an alignment test tone is present at the head of the tape,
azimuth adjustment can be done using a vectorscope. If alignment tone is missing head
alignment can be obtained looking for clearest high frequencies when down mixing to mono
the signal outputs.
The contact between tape and player heads is the main problem during playback. Dirty
players can ruin tape by distributing debris across the surface of the tape and scratching it.
Players that are not mechanically aligned can tear and stretch tape.

Paper tape
Paper tape support appears very dark, almost black. This support “sounds” rough because
the surface texture of the paper prevents itself a close continuous contact with the playback
head. Although dimensionally stable (it survives without curling, shrinking or twisting)

probably it requires a 4-track player using the two inside tracks because audio was not
typically recorded on the edges of the tape.

Acetate tape
Acetate tape supports appear translucent when looked up to the light. This support is very
fragile. Degradation due to acetic acid can create several problems during playback.
Temporary deformation of the tape requires an increase in tape tension in order to maintain a
proper tape to head contact. This approach can cause tape breaks (acetate breaks cleanly
and does not deform readily), accelerate tape-head wear and playback speed fluctuations
but it is often the only way to play acetate tape.

Polyester tape
Polyester-based tape support appears opaque to light. Particular attention must be paid to
the tape tension: this kind of support deforms permanently before breaking then it is
important to avoid any stretching action.
The Sticky shed syndrome (see Problems related to old audio media) could affect polyester
tapes made in USA from 1975 to 1985. Affected tapes leave a waxy residue on rollers
heads, guides, destroying high frequency response during playback. The playback of an
affected tape without a preliminary heat treatment can damage permanently the tape.

Cassette tape
Analogue cassette tape presents special problems because the tape format is only 1/8’’ wide
and is recorded at speed 1-7/8 ips. Mildew could be present and it often causes drop-outs
and leader breaking. In this case, it is necessary to re-shell the cassette tape and proceed
with a cleaning operation with a cotton velvet cloth.
The Azimuth alignment of playback is more important than professional audio formats,
because of the slower tape speed.

6.4 Audio digitisation
6.4.1

Introduction

Digitisation may lead:
• To a digital audio format that can be directly recorded onto a digital audio tape or disk
• To data that can be recorded as files in file formats recorded onto a data tape or a disk

6.4.2

Audio A/D & D/A converters

Digitisation issues
Sample rate
To accurately sample an alternating current (AC) signal an A/D converter must measure it at
least twice per cycle. Therefore, the highest frequency that an A/D converter can sample is
equal to half the sampling rate. So a 48 kHz (the "professional" standard sample rate for
many years) sample-rate recording can accurately capture a 24 kHz signal; and a 44.1 kHz
(the CD standard) sample rate, a 22.05 kHz signal (actually, 20 kHz of audio frequency
range).
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Signal spectrum
Shadow frequencies generated by sampling
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Shadow frequencies generated by sampling
Portion of the signal removed by the anti-aliasing filter

Figure 6.1 Sampling and anti-aliasing

Quantisation
The number of bits in the digital word defines the dynamic range the difference in level
between the loudest signal (full-scale) and the quietest (when all the bits are set to zero
except the smallest one). A 16-bit system has a dynamic range of 96 dB. A 24-bit system on
the other hand in theory will give you 144 dB.
The word-length also defines the size of the smallest difference in level that you can capture,
and influences the perceived quality of the recording. So the sample rate determines the
highest frequency you can capture with an A/D converter, while the word length determines
how much detail you can capture.
Jitter
Jitter is defined as any irregularity in the timing of samples being received at a D/A
converter’s input or in the sample timing of an A/D converter.
The predominant perceived effect of Jitter on the sampled sound depends on the ratio
between the amount of instability introduced and the theoretical sampling frequency value.
Common Jitter values of today’s A/D converters are in the order of nanoseconds or less. This
results in loss of accuracy of the conversion process, as the signal is sampled in a slightly
wrong position. Therefore, due to the correlation of the audio signal, the observed effect is
that of increase of the quantisation noise, masking the effective resolution of the converter.
The statistics of the noise is of course related to that of the Jitter source. If the Jitter is
random, uncorrelated noise has to be expected. If the Jitter has a periodic component (e.g.
due to the interference with a periodic source), then the generated noise will tend to
harmonic distortion, as periodic jitter can be modelled as a phase modulation of the signal.
Dither (noise)
What happens when a bit changes between a one and a zero is essentially inaudible at high
levels, but when dealing with low-level signals, the transition of bits from zero to one and
back again becomes increasingly noticeable. It’s called "quantisation distortion", that is the
noise generated by the rounding process is not completely uncorrelated, but rather shows
harmonic components. To the human ear, the perception of correlated noise is more
annoying than that of an equivalent amount of white or gaussian noise (more similar to the
noise generated by analogue equipment). A solution to the problem is to add small quantities
of noise with appropriate distribution to the signal before quantisation. This noise is referred
to as "dither noise" or simply "dither" ("flat dither" for white noise, "triangular dither" when
using a noise spectrum where the highs and lows are rolled off).
Virtually every modern converter includes dither. Without it, the resulting quantisation
distortion can sound very nasty. Nevertheless, dithering introduces noise into the system and
therefore degrades its performance by raising the effective noise floor of about 2-3 dB.
Several manufacturers and researchers have attempted to minimise the perception of the
floor noise of dithered signals by developing methods of "shaping" the noise created by the
dithering process to adapt its frequency profile to that of the audibility mask of the human
ear.

Quality of the A/D and D/A conversion process
There are several factors that determine the quality of the A/D and D/A conversion process.
Analogue design
The analogue stage of a digital converter system is one of its most important design aspects.
Self-noise, for example, can instantly reduce the resolution of an A/D converter. For every 3
dB of self-noise, a signal through an A/D loses 1 bit of resolution. The low-level resolution will
be lost in noise. The theoretical performance of the converter chip itself is never the realworld performance of the entire unit in use. In general the quality of a converter lies in how
you use the chip, in other words in good analogue design.
Clock design
Additionally, poor analogue design can produce noise on the clock lines, which adds jitter to
the signal. This brings us to the second important design consideration, the systems clock or
phase-locked loop (PLL). The accuracy and stability of the clock is vital in reducing jitter.
Digital design
Because of their high frequency, digital signals behave in some ways like radio broadcasts,
and the traces on the printed circuit board act as antennas. As a result, digital signals can
easily leak into other circuits in a converter, creating noise and significantly degrading the
performance, unless digital circuitry and boards are laid out carefully, and the right
relationship is established between analogue and digital areas.
More about word length
The number of bits in the digital word directly defines the dynamic range (i.e., the ratio
between the maximum and the minimum signals that can be digitised). 157 dB dynamic
ranges are available on the market (see STAGETEC True Match 28-bit converters)
nowadays. It has to be understood whether such a dynamic can actually be exploited.
Due to their intrinsic thermal noise, available D/A converters are equivalent to a real 22 bits
resolution, despite of their nominal word length. Actually, the request for longer words only
comes from processing needs: DSP (e.g., the SHARC AD) are able to process 32-bit + 8-bit
floating point values. Due to the huge amount of computing performed, the results are very
different when 16-bit resolution is used, if compared to what is provided by better resolution.

Commercial converters comparison
The table below provides a summary comparison among valuable commercial A/D
converters. The StageTec Reference Mastering A/D converter adopts an innovative concept:
superior dynamic range and distortion independent by the signal level should deliver
outstanding results. The suitability of the Reference Mastering for the enhanced preservation
chain will be evaluated in the Presto project.

Manufacturer
Item

Apoge
www.apogeedigital.com
AP8AD, A/D converter
card

Channels
Word length
Sample rate range

8
24-bit
44.1 to 96kHz ±10%

THD+ Noise
typ. 0.001% @ 22dBu

–105 dB
-105dB (0.0004%) typical,
RMS unweighted at 1.0dBFS
117dB (A-weighted)

Dynamic range

Pass band ripple
Stop band attenuation
Inter channel cross talk
Frequency response
Input levels

0.001dB
110dB
–120dB
1020kHz, ±0.025dB
24dBu, 18dBu and 4dBV
maximum (internally set by
jumpers)

Clock jitter

<22 pSec

Idle Noise
D Zin
Conversion time

a

StageTec
www.stagetec.com
Reference Mastering A/D
converter (True Match
technology)
4∏24 converters
24-/ 28-bit
32 kHz, 44.1 kHz, 48 kHz
(44.056 kHz and 47.95
kHz when synchronised
externally)

Prisma Sound
www.prismsound.com
Dream ADA-8, A/D AND D/A
conversion
8
16-/ 20-/ 24-bit
44.1kHz, 48kHz, 96kHz.
Synchronous sampling-rateconversion, between any two
of 96kHz, 88.2kHz, 48kHz,
44.1kHz and 32kHz

0.002%

133 dB @ 22dBu

112dB typical, RMS
unweighted, measured at 60dBFS

>100dB @2020kHz
2020kHz, 0.05dB
Analogue full-scale level: 0 Transformer-less
electronically-balanced XLR
dBFS = 0...22 dBu,
inputs with softwareadjustable
adjustable line-up level
(0dBFS = +5dBu to +24dBu
in 0.5dB steps, per-channel
software-adjustable trim in
0.05dB steps)
accuracy better than
±10ppm
Typ. 155.5dBFS CCIRRMS
4015kHz, <10%
820 10-6 sec

Source: ACS

Figure 6.2 Features of audio A/D - D/A converters

The StageTec Reference Mastering A/D converter adopts an innovative concept: superior
dynamic range and distortion independent by the input signal level should deliver outstanding
results. The suitability of the Reference Mastering for the enhanced preservation chain will
be evaluated in the Presto project.

6.4.3

Use of compression

Compression is the process of reducing the number of bits required to represent information
by removing redundancy. In the case of information content such as video and audio, it is
usually necessary to extend this process by removing information that is considered less
important. Reconstruction from the compressed bitstream thus leads to the addition of
distortions or artifacts. Compression for video and audio is therefore not normally lossless.

Thus it is important to make decisions about compression at the source, taking into account
the additional production processes and additional compression generations that will follow.
These decisions are quite likely to be different from the choices that would be made if the
compression were simply done only for presentation to a human observer.
Currently it is not necessary to compress audio for preservation except using lossless
compression. But it should be interesting to generate compressed audio to store for browsing
or casting on the web.
It is not currently obvious whether uncompressed files and compressed files should be
produced at the same time or whether compressed versions must be automatically
generated in a later step. Because this depends very much on the future use and the relative
system.

Compatibility towards studio operations
In general studio production processes will use linear PCM audio coding to benefit from its
simplicity and signal integrity over multiple generations. This will follow existing basic
standards:
he sampling rate will normally be 48 kHz (AES5-1984, reaffirmed 1992), with 16, 20 or 24
bits per sample;
-Real-time digital audio signals may be carried point-to-point, in pairs, on conventional cables
using the AES / EBU scheme (AES-3-1992);
-Packetised formats for streaming, such as SMPTE 302M, would carry similar audio data
within a network system.
As one example, the EBU Broadcast Wave Format (BWF) provides a mean for storing this
data as individual computer files, e.g. for random access (see EBU Technical Standard N221997). Other schemes are also possible.
The AES-3 data stream should also be utilised for the carriage of all audio signals,
compressed or full bit-rate.
Use of Audio compression
All practical audio data-compression schemes are inherently lossy and depend on psychoacoustic techniques to identify and remove audibly redundant information from the
transmitted data. While a single encode / decode generation may be subjectively
transparent, multiple encoding and decoding processes will tend to degrade the perceived
audio quality.
Each application of audio data compression should define an appropriate balance between
complexity, delay, ruggedness and high quality.
Channel requirements
For many applications, sound origination will continue in the form of mono and stereorecorded elements.
Mono - This is the most elementary audio component and it is fundamental within many
audio applications for both television and radio.
Stereo - The industry is well accustomed to handling two-channel signals. By default, these
will represent conventional Left / Right stereo; in some cases, the composite signals (Left /
Right) from a matrix surround sound process will be used as direct equivalents.
MS stereo - Exceptionally, a two-channel signal will contain the Sum / Difference transform,
or MS stereo signal. This can be a convenient format for origination and is intended to be

used in post-production to create a conventional Left / Right product. Although these are
common practices in traditional analogue television and radio, many of these practices can
be expected to continue.

Lossless compression
Only 16-bit lossless compression systems are commercially available for the time being.
The definition of 24-bit compression applicable to professional audio should be interesting for
the PRESTO project.

Lossy compression
Compression systems are sometimes referred to as Variable Bit-rate (VBR) or Constant Bitrate (CBR). Another way to characterise compression systems is to compare constant quality
with constant bit-rate systems.
Constant quality (VBR) systems
Constant quality systems attempt to maintain a uniform audio quality by adjusting the coded
data-rate to the varying complexity of the wave, typically within the constraint of a maximum
data-rate. As a result, transients will be coded with a higher data rate than plain music. This
results in more efficient compression of simpler audio (e.g., speech) and can be a significant
advantage in storage systems and in the non-real-time transfer of pieces.
Constant bit-rate (CBR) systems
Constant bit-rate (data-rate) systems attempt to maintain a constant average data-rate at the
output of the compression encoder. This will result in higher quality with simpler (plain)
sequences and lower quality with more complex sequences (full of transient). Constant datarate compression is useful for tape recording and for fixed data-rate transmission paths, such
as common carrier services.
Constant data-rate processing will, of course, be characterised by a target data-rate. Variable
data-rate processing can be constrained to have a maximum data-rate. By ensuring that this
maximum data-rate is less than the target rate of the constant data-rate device, constant
quality coding can operate into a constant data-rate environment.
Compression Standards

Total data rate

Application (...)

G.711
G.722
CELP
4SB ADPCM
MPEG-1 Audio Layer II

64 kbit/s
64 kbit/s
24 kbit/s
128 kbit/s
32 – 384 kbit/s
128 kbit/s Joint Stereo quasi-transparency
32 – 320 kbit/s
96 kbit/s Joint Stereo quasi-transparency
48 – 576 kbit/s
128 – 192 kbit/s/channel
56 – 640 kbit/s

Telephone
Voice, O.B. commentary
Voice, O.B. commentary
Voice, Music
DAB, DVD

MPEG-1 Audio Layer III
MPEG-2 AAC
Dolby AC-2
Dolby AC-3
Sony ATRAC
MPEG-4

140 kbit/s/channel
256 kbit/s stereo
2 – 64 kbit/s

RNIS, Satellite radio, Internet
DVD
Point-to-point, cable, ISDN
Point-to-multipoint, HDTV, cable,
DVD
Mini-Disc
Internet, Communications

Source: INA Recherche «Systemes de compression» - Mars 1998
Figure 6.3 Audio Compression Standards
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Figure 6.4 Audio bit-rate and required storage capacity

6.5 New media for audio preservation
In this section will be analysed the audio storage digital domain, describing any media
capable to store numerical sequences representing an audio wave.
This domain has been divided in two sub-sections:
• The digital audio media, derived by consumer and professional solutions.
• The file domain, regarding all the solution coming from IT industry, capable to preserve
audio file. This analysis is fully compatible with video needs as well.

6.5.1

Digital audio options

Digital audio media are not recommended for massive preservation purposes:
Duration. It is not possible to store more than a few hours of audio on such media. This
implies that much more space is required to archive the same amount of audio, when
compared to the data media (see after); e.g., 500 DAT are required to store 1000 hours
instead of, let say, 10 LTO.
Automatic manipulation. It is not possible to achieve cost-effective automatic manipulation of
CD/DVD: They cannot be directly manipulated by a robotic device, unless caddy are used.
Configuration problems can arise, since it is not possible to use bar-code label. You could
place a label on the surface of the disc, but you would have then serious problems in reading
it.

Minutes

Accessibility. Since you are storing simple audio files, you will have many limitations in the
flexibility of access, when compared to what offered by data files.
Instead, digital audio media may represent a temporary solution for audio assets
preservation. The advantage of a widely diffused media like the CD, which allows very easily
to playback the assets, implies on the other hand strong limitation in term of archiving
solution. A file can be easily copied and transmitted and can take advantage of HFS
(Hierarchical File System) solutions. Moreover the storage capacity is very limited: i.e. a DLT
7000 can store about 55 CD using a volume three times bigger. Another limit is represented
by the different data encoding (32-44.1-48-96 kHz), which may impact in postproduction
activities.

DAT
DAT is a professional format. Though DAT is usually considered as a fragile media, studies
have revealed that, in the DAT system, quality remains constant in the production process
over the years. At the same time quality of recording and playback systems have improved.
In a DAT production process the main factor to survey is to ensure that all the parameters of
the DAT recorder remains constant.
DAT has been chosen by several companies (for example SDR Stuttgart) as a mid term
preservation in transition to massive data storage on servers.

CD-DA
Digital audio can be recorded on CD -R. CDR is a digital media designed for the consumer
market and is extremely cheap. Since its beginning, manufacturing of CD-R has been
modified many times. The technology has improved both for the media and the writers.
It has been demonstrated that different generations of writers react differently according the
different manufacturing and versions of CD-R. Trying to get the best recording quality
(minimum BER) means to find the best combination between media and writer. Life span
depends very much on this combination. Currently, it is noticed that there is no high quality
CD products designed for the professional market. The result of cheaper production methods
of CD-R is that permanence and reliability for archives are not currently achieved with CD-R.
In return, CD-R is very interesting as an exploitation copy for immediate use to its fast
random access.

DVD-DA
DVD –R is a relatively recent media. It might be considered for audio preservation due to its
very high capacity, but regard to the problems revealed by CD-R, archivists might be very
cautious to adopt it without serious warranties.

6.5.2

Data format options

This section analyses the file domain, regarding all the solution coming from IT industry,
capable to preserve audio and video file. Three main kinds of storage systems are available
on the Information Technology market today: Primary, Secondary and Tertiary. They have
different intrinsic capabilities and costs, as explained in the following diagram.
Species

Technology

Available capacity

Capacity/cost

Access time
capability

Primary
Secondary
Tertiary

Chips
Disks
Tapes

Low
High
very high

low
high
very high

very good
good
bad

Figure 6.5 Storage hierarchy

Purpose of PRESTO project is asset preservation, so only the long-term preservation
solution has been analysed.
Disks can only be taken in account for caching purposes of material coming/going to tapes.
Many products, including magneto-optical drives, removable disk drives, and the new hybrid
magnetic optical drives have been introduced to take away tape’s crown as the king archival;
but tape has proven itself to be a resilient champion. Although shipments of tape drives were
down in 1998-2000 and will continue to decline in the future, tape drive revenues are growing
as demand for the higher-priced mid-range and enterprise drives skyrockets.
So what is driving all this activity in the mid-range and enterprise markets? The emergence
of Network Attached Storage (NAS) and Storage Area Networks (SAN) has been a boom to
the tape drive industry. Tape drive manufacturers have adapted to the growing demands of
IT professionals by increasing the technological content contained within the drives. Before
becoming the ubiquitous standard in disk drives, MR head technology made its debut in the
3490 tape drives from IBM. MR heads are now becoming commonplace in numerous tape
products replacing the older brass and ferrite heads of previous tape drives.
As the use of MR heads has become more predominant, media suppliers have been forced
to adapt new technologies such as metal particle tape to increase coercively levels. These
trends look to continue as new advanced drives such as Super DLT and the LTO drives hit
the market.
CD-R and DVD-R can also be used to store file formats so they can be considered as mass
storage systems provided the problems related in 5.5.1.2.
Accordingly these media are not taken in account because of the limited storage capacity
and the insufficient reliability of their recording process. We can’t exclude that in a near
future, mainly for DVD, some limitation will be removed.
In the following pages will be separately analysed data tapes and all the necessary
equipment to realising a digital audio/video archive. A specific section has been dedicated to
data format.

Data tapes
Basic techniques (Linear, helical scan, magneto-optical)
As specified in the table above, two main base techniques are used in the tape drives: helical
scan (H) or linear (L). A comparison between the two techniques is given in the table below.

In short, helical scan technology has better capacity and bit-rates performances, at the cost
of higher equipment and maintenance prices, and lower data reliability.

Capacity and bit-rates
Equipment cost
Maintenance cost
Data reliability

Helical scan

Linear

Higher
More expensive
Uncommonly high (# 25 % / year)
Lower (very dependant on the number of
tape playbacks)

Lower
Cheaper
Cheap (# 10 % / year)
Higher (not very dependant on the number of
tape playbacks)

Figure 6.6 Comparison of Linear / / Helical scan tape storage

Cf. study from NASA – no reliable roadmap for helical scan.

Head Stack

Recorded tracks are
parallel and run the full
length of the tape

Tape motion
1,5 - 3 m/sec

Unrecorded Tape

Recorded Tape

Recording density: 100 - 4000 kbit/cm2

Figure 6.7 Linear recording

Top View
Erase
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Drum
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Pin

1800 rpm

Capstan

Recording density:
1000 - 9000 kbit/cm2

Tape Guide Pin
Tape
Drum-to-tape
relative speed: Record Heads
5 - 10 m/sec

Drum
Tape motion
5 −10 cm/sec
Recorded tracks run diagonally from
one edge of the tape to the other.

Unrecorded

Side View
Trapezoidal Error

Curvature Error

Recorded
Track

Recorded
Track

Playback
Head Path
Information Loss

Playback
Head Path
Information Loss

Figure 6.8 Helical scan recording and types of mistracking

Current and emerging products
Within the tertiary storage systems, there are different key markets that address different
needs and cost ranges:
Market
segment

Typical
products

Main
manufacturers

Desktop

DDS4/DAT

Mid-range

SLR-100

High-end

Tape width
(mm)

L/H

Native
capacity
(GB)

Sustained
native bit rate
(MB/s)

Average
access
time

Approx.
Approx.
cartridge drive price
(euros)
price (euros)
(?)
(?)

HP, etc.

4

H

20

2

50 s

30

2000

Tandberg

8

L

50

5

30 s

75

3000

Mammoth-2

Exabyte

8

H

60

12

180 s

100

5000

AIT-2

Sony

8

H

50

6

30 s

100

6000

SuperDLT

Quantum,
Tandberg

13

L

100

10

102 s

140

7000

LTO/Ultrium

IBM,
Seagate

DTF-2

Sony

9840

StorageTek

(1/2")
HP,

13

estimated
L

100

15

50 s

140

8000

H

100

24

70 s

200

14000

L

20

10

15 s

100

25000

(1/2")
13
(1/2")
13
(1/2")

Source: ACS
Figure 6.9 Features and costs (!
!) of data tape storage systems

(The figures usually come from manufacturer information on the Internet and should only be
taken as first estimates)
In order to demonstrate that the media selection must be driven by:
• The amount of tape requested to store the archive.
• The amount of drives necessary to allow digital archive access.
• The robot dimension that depends by the two precious characteristics.
It has been produced the table below where 3 archive systems, with an increasing storage
capacity, has been designed in order to estimate their costs.
To help the reader understanding better the usability of the different products, it is necessary
to take in consideration the robot technology.
RAI and ACS choose for the audio storage system a mid-range library like the ADIC AML/J,
which capacity is in the range of this simulation.
This library is based on a modular architecture, based on rack modules. These modules can
be:
• Drive Modules, for drives and a limited amount of tapes
• Storage Modules, for tape only

For each technology, taking in account the Module capacities, the number of Drive
and Storage Modules necessary has been calculated. This number cannot exceed
10 Modules. In the tables has been marked with green colour, the best results in term
of capacity or cost, while the red coloured number refer to configuration, which
exceeds the ADIC library capacity.

Product
Capacity (GB)
Sustained bit rate (MB/s)
Drive cost (euros)
(?)
Tape Cost (euros)
(?)
AML/J Drive Module (Drives Capacity)
AML/J Drive Module (Tapes Capacity)
AML/J Storage Module (Tapes Capacity)

DDS4/DAT
20
2
2.000
30
9
484
704

SLR-100 Mammoth-2
50
60
5
12
3.000
5.000
75
100
6
504
784

Requested Tapes
Requested Drives
Tapes + Drives Cost (euros)
(?)
AML/J Drive Modules
AML/J Storage Modules
AML/J Total Tape Capacity
AML/J Cost (euros)
(?)
Total Cost (Tapes+Drives+Robot)(euros)
(?)

1.024
4
38.720
1
1
1.188
117.500
156.220

410
2
36.720
-

Requested Tapes
Requested Drives
Tapes + Drives Cost (euros)
(?)
AML/J Drive Modules
AML/J Storage Modules
AML/J Total Tape Capacity
AML/J Cost (euros)
(?)
Total Cost (Tapes+Drives+Robot) (euros)
(?)

5.120
29
211.600
4
5
5.456
291.500
503.100

2.048
12
189.600
-

Requested Tapes
Requested Drives
Tapes + Drives Cost (euros)
(?)
AML/J Drive Modules
AML/J Storage Modules
AML/J Total Tape Capacity
AML/J Cost (euros)
(?)
Total Cost (Tapes+Drives+Robot) (euros)
(?)

20.480
72
758.400
8
24
20.768
831.000
1.589.400

8.192
29
701.400
-

AIT-2
50
6
6.000
100
10
504
784

SuperDLT LTO/Ultrium
100
100
10
15
7.000
8.000
140
140
10
10
324
320
468
520

20 Tbyte Archive with 25 GB/h of I/O requests
205
205
341
410
1
1
1
2
35.672
39.133
52.960
36.672
1
1
1
1
0
0
0
0
504
504
324
320
95.000
95.000
95.000
95.000
134.133
147.960
131.672
130.672
100 Tbyte Archive with 200 GB/h of I/O requests
1.707
2.048
1.024
1.024
5
10
6
4
175.360
195.667
264.800
185.360
1
1
1
1
2
2
2
2
2.072
2.072
1.260
1.360
140.000
140.000
140.000
140.000
335.667
404.800
325.360
315.360
400 Tbyte Archive with 500 GB/h of I/O requests
6.827
8.192
4.096
4.096
12
24
15
10
653.440
742.667
963.200
678.440
3
2
2
1
9
8
8
8
8.568
7.280
4.392
4.480
353.500
275.000
303.000
303.000
928.440
1.045.667 1.316.700
981.440

DTF-2
100
24
14.000
200
2
96
160

9840
20
10
25.000
100
6
300
520

205
1
54.960
1
1
256
117.500
172.460

1.024
1
127.400
1
2
1.340
140.000
267.400

1.024
3
246.800
2
6
1.152
258.000
504.800

5.120
6
662.000
1
9
4.980
297.500
959.500

4.096
6
903.200
3
24
4.128
691.000
1.594.200

20.480
15
2.423.000
3
38
20.660
1.006.000
3.429.000

Source: ACS
Figure 6.10 Costs simulation (euros) of a tape library with different media formats

Analysing the results we can understand why some of the prospected solutions are
incompatible with multimedia archive needs:
-DD4: Very limited storage capacity ad I/O bit-rate request a very high amount of tapes and
drives making the technology very expensive. It becomes tremendously expensive
considering that a very large robot must be adopted as well. The ADIC AML/J can store up to
133 TB only with this technology. Some doubts derive from tape fragility as well.
-SLR 100: Although storage capacity is quite high and drive cost is cheap, it is limited in term
of I/O bit-rate. This means that a lot of drives are necessary to sustain data traffic, strongly
increasing costs. Finally a very large robot is requested to room all tapes and drives
necessary. The ADIC AML/J does not support this media.
-Mammoth-2: Its limits derive from tape cost, quite expensive according to storage capacity.
Some doubts derive from tape fragility as well. The ADIC AML/J can store up to 443 TB only
with this technology.
-AIT-2. Drives and tapes costs strongly limits hits adoptability. Some doubts derive from tape
fragility as well. The ADIC AML/J can store up to 370 TB only with this technology.
-DTF-2. This machine has the best I/O capacity but the tape dimensions strongly impacts on
hits usability. The ADIC AML/J can store up to 150 TB only with this technology.
-9840. Drives are very expensive and storage capacity is very poor. The ADIC AML/J can
store up to 97 TB only with this technology.
The two remaining technologies Super DLT and LTO cover the needs and under the
economical point of view are the winners of the challenge.

In the table below their main points are summarised:
Product

Advantages

Disadvantages

Super DLT

Backward compatibility
with the successful DLT
format
Capacity and
performances.
Manufacturer consortium,
so prices should decrease
rapidly
Many common points with
original IBM’s Magstar
Open license policy
(however, only IBM
products right now)
Capacity and
performances

SDLT-1 Available since
Closed licensing policy:
produced by Quantum and Jan 2001
Tandberg..
New product.

LTO

New format - no backward
compatibility

Roadmap

LTO-2, 200 GB, 30 MB/s
(2001) LTO-3, 400 GB, 60
MB/s (2003)

Figure 6.11 Comparison of LTO / / SDLT data tape storage

Conclusion
This scenario confirm that the Super DLT and LTO are the best solutions available today,
taking in account that it is necessary/convenient to be ready to move to one of the next year
available tape technologies.

Data and exchange Formats
BWF (Broadcast wave format) is seriously considered as a standard for exchange. This
format has been standardised by the EBU in 1997 and subsequently endorsed by the AES
and ITU. The strengths of this format reside in the set of metadata that must be supported by
any compliant application including core broadcaster's information, like unique identification,
timecode and coding history, and by its read backward compatibility with the Microsoft WAVE
file format (extremely popular on any computer-based equipment). The BWF has been
designed for the reliable exchange of audio essence in both linear PCM and MPEG coding
formats, together with a limited set of metadata required by specific broadcast applications.
In the case of digitisation of legacy materials, a set of metadata (chunk in the BWF slang) is
available to store digitisation quality related information. Several manufacturers, especially
those affiliated to AES, are now supporting this format. The EBU is also working on
standards and recommendations for best practice in audio archive preservation, as is IASA
(International Association of Sound Archives).

Tape robots
The selection of a robot system and of the tapes to use inside it is one of hottest discussion
in the IT word.
What is the best media to adopt for archiving?
• There is no media that can be considered as an industry standard.
• Each of the available solution implies advantages and disadvantages.
• Most of the available solution will disappear in the next 3 years.
The suggestion is to choose the media satisfying your needs today without worrying about
the future
To do that it is necessary to choose a robot system capable to handle in the mean time more
than one media.

Following is an example of how a typical archive should choose a tape library, where the
previous concept will be demonstrated.
This is a story of a Broadcaster that during 1996 had to choose a media for a robot in order
to store data on it for at least 9 years starting form January 1997.
He simulated the archive evolution on the basis of these parameters:
Monthly data production: 10,000 GB
• Tape A Capacity 1997:50 GB
• Tape B Capacity 2000:100 GB
• Tape C Capacity 2003:200 GB
Average media cost: 56 $
He had two solutions:
• Configure a robot system able to handle only the media available at that time (Option1).
• Configure a robot on the basis of a simulation where the media storage capacity
evolution is taken into account (Option 2).
8000,0
Option 1 - Tape A 1997-2003 50 Gb
Option 2 - Tape A 1997-1999 50 Gb

7000,0

Option 2 - Tape B 2000-2002 100 Gb
Option 2 - Tape C 2003-2005 250 Gb
Option 2 - Total # Tapes

6000,0

5000,0

4000,0

3000,0

2000,0

Source:ACS
Figure 6.12 Costs (!
!) simulation of a tape library filling

Option 1:
• The robot must be able to store about 8000 tapes. (~ 450,000 !)
• After the simulation some of the tapes are 9-year old, so replacement is necessary. To
have no more then 3-year-old tapes he must spend 267,000 !
• To buy the tapes he spent 403,000 !
Total: 1,120,000 !
Option 2:
• The robot must be able to store about 2000 tapes. (~ 200,000 !).
• After the simulation the oldest tapes are 3-year old, so replacement is not necessary.
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0,0
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1000,0

• To buy the tapes he spent 400,000 !
Total: 600,000 !
The approach is clearly convenient, considering that estimated lifetime is, according to the
counted usage, three years for tape drive, and 5 years for tape cartridge.In addition, the
supplier must estimate expected lifetime of tapes and tape drives used in the tape library.

7 Management of audio archives preservation
Current processes described or considered (ACS and RAI, SWR, WDR, INA) let appear that
a combination of file format and an audio format are considered simultaneously for
digitisation. The file format is usually considered for preservation and the audio format for
immediate use. E.g. DLT and CD-DA or DLT and DAT
An example of massive audio digitisation process is the RAI-ACS Tapeless Production, also
described in WP2 Archive preservation and Exploitation requirements, and completed below.

7.1 A cost-effective approach
The naïve way
Several broadcasters in the world have relevant multimedia archives, whose on-line or nearline availability should represent a new source for productions.
Several broadcasters in the world are currently moving their production process to digital,
using fully integrated archiving and production systems or more frequently using local CAR
systems. Apparently this is enough to justify the analogue-to-digital conversion of the assets
if we do not take in account the costs of these processes.
The solution implemented up to now has not been designed for large scale archive
operations.
According to literature (and to experience) digitising and restoring an entire archive can take
1.5 times (or even twice) its actual recorded duration. In other words, you first have to
playback each audio media to detect points needing restore, one time its duration; then the
actual restoring activity will take .5 times the media duration (as an average time, over huge
amount of media). A team of 10 technicians, working 6 hours x 200 days/year will then
digitise and restore 8,000 items/year. This process could take 37.5 years to digitise 300,000
tapes.
Does it make sense? Such scenario has a number of drawbacks.
1.The outlined process is very expensive (in the above example, 375 man/years would be
required). As a consequence, the digitisation of an archive could still be justified if required
by historical preservation needs, while it could be very poor attractive if simply moved from
commercial needs.
2. Media obsolescence. Media to be digitised could have been originally recorded by already
obsolete system. Even if recording systems are nowadays relatively new, who will still
produce and/or maintain related playback machines in forty years, from the digitisation
process start date?
3. Data restoration is itself a way of data corruption: e.g. If you have an original recording of
Enrico Caruso to digitise, do you really need to remove vinyl noises from the transcription,
thus altering the original tenor voice? Is it deontologically correct?

A more effective approach
Digitisation and restoring are better carried out in different processes. While digitisation
concerns the whole archive, restoring is limited to a subset of the produced digital media
(and you do not know what, until digitisation is performed).
Automation of the detection process. Restoring actually consists of two phases: detection of
audio portions needing corrective intervention (normally performed by listening to the
recorded audio) and subsequent restoration. A dramatic improvement can be achieved by
adopting automatic detection of defective intervals; metadata (as produced by specific QC
software) are collected during digitisation process. So digitisation provides information to
restoring execution.
On one hand, this frees up an operator from playing-back media (i.e., the first
1 times the archive size of the envisaged effort). However, the rate of digitisation is limited by
the availability of current technology.
With this approach the same team of 10 technicians is able to process (i.e., digitise and
provide reliable input for restore execution phase) up to 400 tapes per day, using 5 stations
in two shifts. This means 80,000 items/year. This process could take 3.75 years to digitise
300,000 tapes. It seems to make sense!
In this way, the amount of work required to actually restore the media is not decreased, (the
remaining .5 times the archive size of the envisaged effort). One could also assume that a
relevant part of the digitised asset will never be re-used, so why set-up a restoration project?
It could be more cost-effective taking a risk on a non-relevant part of the archive, i.e., critical
tapes to be restored on a case-by-case basis according to the actual production needs, than
spending tens of years to complete the job.
Anyway, a specific project for restoration execution should be set-up, calibrating and
planning interventions and taking into account relevant policies (e.g., the sensitivity of data,
their relevance, the type of intervention required, etc.), whose analysis is outside the scope
of this document (and Presto project).

7.2 Quality control over the audio preservation process
A major challenge to audio preservation from analogue playback to digital recording to
maintain the original quality and ensuring that new recording is free of errors. An optimal
quality controlled transfer is required. Several companies, in collaboration with broadcasters,
have developed and proposed complete controlled transfer systems for 1/4-inch audiotapes
and audio disks.
This is the case of HDA (Houpert digital Audio Germany) whose system QUADRIGA gives a
good example of what could be a "self controlled" transfer process, able to ensure that "what
comes out of the process is OK" and deliver a report.
The software developed by HDA, analyses and describes in real-time the audio stream
coming from an analogue or a digital media. The created file is a BWF with a WAV audio file
format.
The digitisation process can be disturbed by:
• The problems of original medium: splices, damaged tapes.
• Malfunction of the playback machines: speed, tape tension.
• New recording errors: High BER. WAV files analysis.

The proposed system is able to check automatically:
• Errors due to original medium: detection of clicks, crackles, hum, drop-outs, splices,
distortion are referenced in a report at the exact location on the tape and on the new
recording (timecode).
• Errors due to the playback machine: The system is able to remote control the operation
of the player but is, currently adapted to a specific machine (STUDER) and requires
some adaptations on the tape transport. Adding sensors, optical sensors for bad splices
and leader and separation tape but for the very useful and time saving automatic
recognition of start and end of audio.
• Errors on the AES/EBU data stream: a data stream checker checks the stream
continuously. All detected errors are mentioned in a report window.
• Error on recording: during the recording audio data is stored in a BWF file format on a
mass storage System via a LAN connection and connected to a database. A special
BWF security code will guaranty the integrity of the content and the metadata stored in
the BWF file. The BWF file can be stored on a single carrier while copies of the file in
MPEG, Real audio will be available.
• Manual error detection can be added in the report.
The system is able to give a description of the global quality of the captured audio: average
signal to noise ratio, mean levels, max peak etc. collecting information integrated in the BWF
format as technical metadata.

7.3 Survey of existing technologies and systems
Preservation activities cover more aspects
First, you still have to provide optimal conservation of the original media. You will have to
keep them also after digitisation, simply because future technologies could allow to extract
from them more and more accurate information than possible today.
Then, different manipulation techniques apply to the different physical items, depending on
their actual conservation status. Sometimes, you have to perform preparation processing
(basic restoration, actually) simply to make them suitable for playback.
Moreover, you have to take care of their physical handling for playback, to provide
down/upload from/to their storage places.
As discussed above, the key to a cost-effective preservation is to provide automatic detection
of the level of quality of each single media during its digitisation, without the need of manned
playback. The system should be able to give a sort of go/no go response, informing the user
whether subsequent restoration processing is required on the digitised pieces or not. Over
detailed information is not required, since restoring systems are already equipped with all the
required capability to provide analysis. Nevertheless, the importance of introducing a quality
control module as reliable as possible into the digitisation chain is clear: For each false
alarm, an expensive restoring chain is activated with no real need. Each false rejection leads
to a corrupted signal being erroneously added to the digital audio archive, with no chance to
realise the damage until the audio file will be played in the future, when possibly the original
media will be no longer available.
After digitisation, you have to face with the problems of the new digital media mass storage
and delivery.

The definition of such a comprehensive chain is a target of the PRESTO project, since
digitisation systems commercially available mainly concentrate on the analogue-to-digital
conversion process. In the following paragraphs, some of the technologies and systems that
could be exploited for building the chain are given.

Quality Control
In previous sections, the digitisation chain and its quality control module have already been
introduced. The Quadriga system is a good example of a product that could be employed for
automated detection of intervals requiring restoration. But its integration into the digitisation
chain appears to be problematic, since operators are not audio experts and its use requires
expert level skills; moreover, it is a stand-alone system, not easily integrable into a massive
(parallel) digitisation chain.
In this way, the technological partners of PRESTO could be charged with the implementation
of the audio quality control module of the digitisation process. In this way, such a module will
be easily portable on different hardware platforms and integrable into any already running
digitisation process. On the other hand, more sophisticated systems like Quadriga could be
employed in the expert restoring chain. Here below, some fundamental concepts on which
the quality control module can be built are reported.
Parameters
The signal to be measured can be considered as a whole or divided into a sequence of
analysis windows, possibly overlapped. Since the duration of audio files under consideration
is quite long, e.g. half an hour, it is convenient to adopt the approach based on analysis
windows. Overall measures can be carried out exploiting local measures.
Parameters that can be measured are listed in the following. Every book on signal
processing is a good reference for such parameters and algorithms computing them4. Each
of the parameters can be calculated for each channel, where this makes sense.
•
•
•

•
•

•

4

Energy: this can be computed directly from the samples of the digital representation of
the signal.
Bandwidth: for each analysis window, the power spectrum can be estimated by using the
FFT; the bandwidth can be given as the frequency interval where a given percentage of
the overall energy falls;
Saturation: if it is due to the original media (e.g. fully magnetisation of the tape), it can be
detected by selecting a proper threshold on the energy level. If it is due to the digitising
process, it can be detected depending on what the converter put into the audio file. Often,
audio samples of a saturated interval assume the highest value of the numeric
representation employed; in this case, a saturation condition can be detected counting
the number of such samples falling in an analysis window with respect to the total
number of samples of the window.
Peak signal level: it can be given as the highest energy value among all the analysis
windows of the overall signal.
Silence duration: it can be assumed that silence occurs where the signal energy is below
a certain threshold. Given that, the total amount of silence in the audio file is easy to
compute. The problem is to establish the threshold. It could be set by hand, but an
interesting issue is how to automatically set it to a proper value. This can be
experimentally investigated.
Noise duration: comments are similar to those on silence duration, given a definition of
the noise level; this issue can be experimentally investigated too.
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•

Phase correlation: especially in vinyl disk digitisation, a wrong azimuth of the cartridge
can be detected by measuring the phase correlation between right and left channels.

Artifacts
There are a lot of artifacts that can affect the quality of an audio signal, like those discussed
in the chapter "Audio Preservation" of the deliverable of WP2 "Archive Preservation and
Exploitation Requirements".
Unfortunately, it is still a research issue to define algorithms able to automatically detect
them in a reliable way in every audio condition like those of the huge RAI audio archive.
However, at least for some of them, there could be the possibility of testing some solutions.
Local drop-outs should be detected on the basis of the signal energy and power spectrum
curves. For clicks and scratches detection, algorithms have been recently presented in
specialised literature5.
Overall Quality of Audio Files
Once those local and global phenomena mentioned above have been detected and
measured, they can be used to give an overall assessment of the quality of the audio file.
Algorithms to combine the above measures for that purpose can be investigated.
Metadata
Information about the acoustic contents of audio files could both help the judgment of the
overall quality of the audio, and be logged for future use. “Acoustic contents” are described
as the specification of the acoustic source of the signal, such as music, pure speech, speech
with music background, gender of the speaker. This information can be extracted by first
segmenting the audio stream into acoustically homogeneous chunks, to be classified in a
second stage in terms of acoustic classes of interest.
The problem of acoustic segmentation and classification of an audio stream has emerged as
crucial in the last few years, since the application of automatic speech recognition for
broadcast news transcription has become feasible, allowing the automatic building of digital
audio archives. A lot of techniques have been experimented on real data. Among them, the
Bayesian Information Criterion (BIC)6 was employed for audio segmentation7. In the last
years, many examples of successful applications of that method have been reported in the
literature. Nowadays, Gaussian Mixture Models (GMMs)8 are widely used in audio
classification framework.
Previous results9 make us confident of the effectiveness of the use of BIC and GMMs for
segmenting and classifying the contents of files produced by the digitisation process of the
RAI audio archive.
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1998
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Statistics VI. Oxford University Press, 1999
6
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7
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8
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ACS Elettra
Audio asset preservation can also be realised by migrating contents to digital domain, as
digital audio files. This process also represents the first step in the creation of a Digital Audio
archive.
The cost of this process is mainly driven by manpower instead of equipment or space
required.
With traditional systems 1 hour of audio requires at least 2 hours to be digitised and checked.
Considering that the average dimension of a broadcaster archive is around 300,000 hours,
which means to dedicate 10 technicians for 41 years to complete the process. 410 men/year
is a very huge investment that most of the broadcasters cannot sustain.
The Elettra system, realised by ACS for RAI, has been conceived in order to strongly reduce
the duration of this process. The key issue is the automatic quality control process, allowing
to strongly reducing operator intervention.
This means that the average time needed for an automatic quality control that must be only
certified by the technician is less then 10 % the media duration.
This point allows ACS to realise a system where digitisation runs concurrently on 8 stereo channels.
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Figure 7.1 ACS Elettra system architecture

To feed one or more transcription station able to digitise more then 6 tapes/hour, it is
necessary to have a workflow to continuously provide material.

Accordingly, the Elettra solution is based on two different sub-systems:
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Figure 7.2 ACS Elettra process control

This module handles the input and output traffic from archive to Analogue Transcription
system and vice versa. Each media is bar code labelled preventing confusion or loss.
The Transcription Set, composed of analogue media (coming from the archive) and data
cartridge. A database co-ordinates I/O of the sets to avoid multiple transcriptions and
transcription failure. Two, or more, workstations can be dedicated to data entry, and a server
co-ordinates the process.
•
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Figure 7.3 ACS Elettra transcription station

Scanner

Printer

Performs the transcription of the Transcription Set. It is composed of a server dedicated to
audio conversion and a workstation dedicated to process handling and quality control
activities.
Digital Audio data are produced in catalogue quality (MPEG Layer 3) and in production
quality (Linear 24-bit 48 kHz).
This system is used in RAI for 1/4 " tapes ingestion.
Italian Discoteca di Stato is going to start the migration of their archive to this system as well.

HDA Quadriga
See § 7.2 above.

7.4 Elements of costs. Elettra transcription system
The cost of this system strictly depends on the requested productivity. This system has been
designed for massive transcription, and the cost of the Transcription Process Control must
be shared on at least 4 Transcription Stations.
In this example we configured a system for tapes, capable to migrate at least 200 tapes/day
in one shift (400 in two 7 hours shifts).
The storage technology used in the example is Sony AIT-2.
The Transcription Process Control is based on two workstations composed by:
•
•
•
•
•
•
•
•

2 Unix workstations, with monitor, necessary disks, keyboard and mouse
2 professional bar code readers
2 bar professional code printers
2 AIT-2 drives
1 printer
1 Elettra Transcription Process Control Server license
2 Elettra Transcription Process Control Client licenses
The list price is 50,000 ! VAT excluded

The five Transcription Stations are composed by:
• 1 Unix workstation with monitor, necessary disks, keyboard and mouse.
• 2 ADAT adapter.
• 1 professional bar code reader.
• 1 AIT-2 drives.
• 1 printer
• 1 Elettra Transcription Station 8 stereo channels license.
• 2 Apogee AD8000 A/D converters with ADAT adapter.
• The list price is 53,000 ! VAT excluded

8 Managing old video media
8.1 Introduction
In the past, analogue video has mainly been recorded on magnetic tape. Far more than film
and audio media, archivists must deal with a great variety of analogue video formats. In each
format, performance of the media very much depends upon its manufacturing and
formulation.

8.2 List and status of old video media
Analysis of the answers to the questionnaire shows that old media currently in need of
preservation are listed below.

8.2.1

2-inch tapes

Several preservation programs have been completed (for example BBC) or are in progress
(INA, RAI…).
Many problems on 2-inch tapes are mechanical problems: cinching, edge curling, leafing and
particle shedding powdering. Most of the transfer failures are due to the mechanical
problems: head clogging, mechanical splices, drop-outs and folded edges. In most cases RF
is good enough to ensure a good quality transfer.
From preservation experiences, it appears that 2-inch tapes were in a “not so bad condition”
and after a cleaning pass, playback generally succeeds.
Used brand names are: AMPEX, AGFA, FUJI, 3M, MEMOREX. For example, INA used:
Ampex
AGFA
FUJI
Memorex
3M

19%
6%
10%
4%
57%

Folded edges were generally due to damaged reels. To prevent this a manufacturer, 3M, has
stuck a thin coat of sponge on the internal faces of the reels. Unfortunately the glue has
migrated through the sponge onto the edges of the tape. If this problem is present a manual
cleaning with a specific solvent is required.
On some mechanically edited tapes, splices have become over-stretched causing off locks
while playing and sometimes the tape may be torn. Fortunately this was not too frequent and
only 1 % of tapes have had at least one mechanical splice. Main reasons of transfer failure
are sticktion and head clogging.
Finally quality of audio/video signals is adequate. Most of preserved programmes can be
reused without any effort of restoration.

8.2.2

1-inch B tapes

Status of 1-inch B tapes is very dependent on the tape manufacturing: manufacturers have
often changed their tape and oxide formulations. Some sets of tapes are no more
recoverable due to stiction and severe head clogging. Preservation plans have recently

started and precise figures are unknown but we can expect that the recovery of information
on 1-inch tapes will be more difficult than on 2-inch tapes (we can estimate that 10 to 15 % of
1-inch B tapes transfers will not succeed in one attempt).
Most used brand names were: AMPEX, 3M, AGFA, BASF, KODAK, FUJI, SONY.
As an example INA use:
Ampex
3M
AGFA
BASF
KODAK
SONY
FUJI

42%
14%
10%
5%
2%
2%
5%

The quality of these tapes differ. Some tapes (AGFA…) have to be cleaned 2 or more times
(up to 5) to become readable. Frequently there is a sticking phenomena from the base (due
to chemical decomposition), the use of Recortec tape cleaner is inappropriate due to the high
speed of the tape. It is preferable to use a tape transport of 1-inch B at relatively slow speed
with pieces of paper on guides, head blocks to clean the tape. Cleaning tapes is the main
problem for the 1-inch B format. It has been noticed that in some cases a phenomena of
head clogging occurs even if a cleaning of head doesn't show oxides on the cleaning paper
or rag. In this case the only solution is multiple cleaning.

8.2.3

1-inch C tapes

Problems occurring on 1-inch C tapes are similar to 1-inch B problems because the
manufacturers were the same and these two formats had a parallel life.

8.2.4

3/4-inch tapes

3/4-inch preservation programs have not already started or are just beginning, but we
already know that operators will meet more playback problems for 3/4-inch tapes than higher
formats like 2-inch tapes or 1-inch B and C tapes. So the ratio of tapes that will require more
than one attempt to save them, will be significantly higher. It is estimated that, according sets
and years, about 20% to 40% of tapes will require more than one attempt to be transferred
for various reasons. Global cost will dramatically increase to save these tapes.
There are several reasons to the relatively poor status of 3/4-inch recordings:
• Uncontrolled handling and quality monitoring in a news environment
• Uncontrolled preservation conditions for all the period these cassettes were stored near
the newsrooms
• Poor quality of format and devices. Tapes have suffered due to the poor and stressfull
mechanical handling of early 3/4-inch tapes VTRs
Several problems discovered later are due to the manufacturing of tapes.
For example:
• SONY tapes in the years 1983-84 are disintegrating. Head clogging with these tapes is
frequent. When head cleaning is performed, no visible deposit is noticeable but heads
are very hard to clean
• MEMOREX tapes had a too polished surface so they stick more than others do
• AGFA tapes have serious problems of deposit

8.2.5

Standard Betacam and SP Betacam

Currently, there are no defined plans for these more recent formats. The ability to replay
these formats is maintained through the current range of SONY VTRs Betacam SX, DIGITAL
Betacam and IMX. Thus obsolescence of the means of playback is not really a problem.
However, problems of head clogging and severe drop-out rates have already been met on
Betacam SP sets.

8.3 Major problems related to video tape
It is not appropriate to completely list all artefacts and problems to analogue recordings
specific to each format. Listed below are the most frequent problems to one-off copying.

8.3.1

Dirtiness and head clogging

Whatever format is played, one of the major problems for failure in the transfer in one
attempt is head clogging. On 3/4-inch tapes, current use lets appear that head clogging is
rarely due to the dirtiness of the tape, but rather to the intrinsic decomposition of the tape
magnetic coating. On several cases of head clogging, even cleaning the tapes several times
may be ineffective. Unfortunately, heads do not clog immediately at the beginning of the
playback but after a mean time of 10 to 20 minutes (sometimes less and sometimes more).

8.3.2

Stickiness

Stickiness is often due to humidity, the surface of the tape and the conditions of preservation.
Heating the tape is one of the techniques to prevent stickiness, but isn’t very useful.

8.3.3

Tracking errors and playback compatibility

Current use shows very few problems of tracking but sometimes an operator may discover:
•
•
•

Tapes recorded with a misaligned VTR
Edited tapes with tracking variations from one shot to another
Tapes with a continuous tracking variation along the tape

8.3.4

Drop-outs

Drop-out (DO) is a common problem on all analogue recordings. Playback shows scratches
because drop-out compensators on 2-inch and 1-inch devices were not efficient, or because
the drop-out rate exceeded the capabilities of the DO compensator. On many recordings
there are “recorded drop-outs” (drop-outs occurring during dubbing or editing tape to tape).
Drop-out rate on 3/4-inch tapes is particularly high. This is due to the poor internal drop-out
compensation. Drop-out compensation was generally performed using an external timebase
corrector. The drop-out pulse is generated in the VTR.
7.3.5 Mechanical problems
Tapes may be easily damaged during transport: damaged edges, folded tapes, torn tapes
repaired with a mechanical splice and tape deformation due to a non uniform winding are the
most common problems.

8.4 Preservation of original video tapes
8.4.1

Storage conditions

Required storage conditions for video tapes are similar to those of audiotapes and film (see
film storage conditions § 1.4.1).

8.4.2

Survey of video tape degradation

There is no particular technique to survey analogue video tapes except to wind and rewind
regularly the tape and play them. Furthermore, there is no systematic mean plan applied to
monitor the status of old video tapes.

8.4.3

Management of old video media

Old media are usually stored on shelves and are manually handled, the movement of which
are still partially controlled by hand. Problems encountered in the management of video
media are similar to those met on film and audio.

9 Technologies for video archives preservation
9.1 Introduction
Currently there are 2 ways to transfer analogue video:
• To digital video formats: Digital Betacam, DVCPRO 25 and 50 Mbit/s, Betacam SX,
MPEG IMX…
• As files onto a data recorder system (tape or disk)

9.2 State of the art about analogue video tape players
9.2.1

2-inch VTR

Most commonly used 2-inch players are AMPEX VR1200, VR2000 and AVR3. RCA players
like TR70 and TR600 are also used. One major problem is to find spare parts and to
refurbish used head wheels. Many archive companies have gathered complete recorders as
spare parts, but disappearing skills, high maintenance costs and a lack of spare parts are a
major concern.
There may be very few problems of playback compatibility between recordings made on
RCA and AMPEX devices. However, AMPEX VTRs appear more tolerant than RCA VTRs.
2-inch playback is also quite reliable.
On average, analogue to digital transfer takes 2 hours of manpower per hour of material,
including tape cleaning on Recortec. Several attempts of cleaning (from 2 up to 5 winding &
rewinding) for particularly dirty or sticking tapes may be necessary before playing such tapes
with almost normal quality.
Manual adjustment is systematically required. The most frequent adjustments are:
• Tracking
• Tip penetration
• RF master playback level
• Playback equalisation
• Servo lock mode (tone wheel, pix lock, line lock…)
• Horizontal phase
For some tapes (edited tapes or multiple crash record), results can be improved by using a
different tuning on the machine.
Generally the tape is played once in a single run but some companies, such as INA, try a
second run with other settings over the sequences in trouble (moiré, noise…) at the end of
the linear transfer of the programme. This is called a “redo” and allows further reediting.
A major advance has been the use of Ferrite heads to improve playback of 2-inch tapes.
Ferrite heads with higher efficiency gives a better signal/noise ratio and improves the picture
quality.
The lifetime of head wheels may range from 50 hours up to over 500 hours of operation
(even 800 hours). When severe head clogging occurs, a duster soaked in alcohol is
permanently kept in contact with heads.
8.2.2 1-inch B VTR

The most common and uniquely used VTR is BCN 51 (Bosch Fernseh). BCN 52 has been
sold in very low numbers. The current problems locating spare parts and head wheels are
similar to those encountered for 2-inch devices.
The average time to duplicate a tape of 1 hour is just under 2 hours, including the cleaning
process. The average duration of programmes is about 48 minutes and the number of
adjustments required is still high.
Similarly it was necessary to "redo" specific 2" tapes. With a VTR perfectly adjusted the
results are very good. The main adjustments are:
• Control track
• Playback RF
• Head channels equalisation

9.2.2

1-inch C VTR

AMPEX VPR series (1 to 3) and SONY BVH series (BVH-1100, 2000 and 3000) have been
used. In the past, problems of compatibility between AMPEX and SONY have been noticed.
It is important to know on which type of VTR the original recording has been made. Spare
parts from SONY are still available.

9.2.3

3/4-inch VCR

Many manufacturers have proposed 3/4-inch devices but the most common used are SONY
U-Matic and U-Matic H. BVU-800 is the most common VCR in all European countries. UMatic SP has been used in PAL countries because it was not available in SECAM. During
the long life of this format, devices have been mechanically and electronically. However, it is
not obvious that older tapes can be played easily on recent VCRs. For example, it has been
noticed that we can recover “low RF recordings ” more easily on BVU-800 than on VO9800.
As it is a cassette format some mechanical problems may appear:
• Loading of the cassette
• Incorrect operation of the threading ring
• Tape presence sensors out of order
• Beginning (or ending) tape leader detection

9.3 Video digitisation
9.3.1

Introduction

The main function of digitisation for preservation is to convert analogue originals into a digital
format maintaining the original's quality. Digital techniques allow a better protection against
media failures or transmission errors. As "the better the format for preservation is, the more
future uses may be expected", the main decision criteria for choosing a preservation format
is to be able to keep the original quality. Other important criteria are:
•
•
•

Standardisation and permanence
Interoperability
Easiness and cost of exploitation and storage

Generally, in archives, an exploitation format is also required. According to the expected use
(production, contribution, diffusion), this copy can be of equal quality or of less quality than
the preservation copy. The exploitation copy can be in the same format or not, on the same
medium or on a different medium and should be more accessible than the preservation one.

A viewing or browsing format does not need to meet these high quality constraints. Its quality
constraints are those of an off-line copy (VHS-like quality) to view or select an extract and
should be usable in an “off-line” editing and allow the user to edit using a “broadcast quality
copy”. To do this the browsing copy must be “related” or “tied” to the broadcast quality copy
(frame accurate relation and the same reference timecode.).
Using one (or several) current Internet on-line format(s) is probably an added value
technology but the expected life of Internet formats is short as they are constantly evolving.
They should be easily derived from the browsing format. Quality can be rather poor, provided
the picture can be properly viewed. However as their use progressively increases, users
require a higher level of quality. If these formats are used to select extracts, they should also
refer accurately to the broadcast quality master.
It is interesting to note that preservation and exploitation of archives will require several
levels of quality of the same document for different uses. Furthermore, the way these
different levels are produced and used will have an impact on the cost and efficiency of the
overall archive process.
Digitisation may lead:
• To a digital video format that can be directly recorded onto a digital video tape or disk
• To data that can be recorded as files onto a data tape or a disk
8.3.2 Outputs from VTRs
2-inch, 1-inch B and C VTRs
2-inch and 1-inch Band C formats are composite and have PAL or SECAM output signals.
Though SECAM is used for broadcasting in several countries over the world, France is the
only European country using SECAM for production and broadcasting.
Whatever digital system will be adopted for preservation, decoding PAL and SECAM will
always be the first and unavoidable step, and a great part of the degradation of picture
quality, in the digitising process, may come from this step. Contrary to PAL, it is important to
notice that there is no composite digital recording system for SECAM available on the
market.
It is well known that “good” SECAM decoding is more difficult to get than "good" PAL
decoding. This is due to the frequency modulation system used for its colour components.
(PAL decoding can be done more easily with digital techniques than SECAM.) The main
consequence is that today, it is more difficult to find a very good SECAM decoder than a PAL
decoder.
3/4-inch VCR’s
3/4-inch formats use colour-under systems. VCR’s have composite outputs but also dub
outputs Y/C. Most of 3/4-inch players (until BVU-800) use external TBCs. Many signals from
BVU-800 such as drop-out pulses, advanced sync, and Y/Care are carried through a multipin connector from the VCR to the TBC.
Betacam VCR’s
Betacam formats are analogue components. Unless tape problems happen, their transfer to
digital should be far easier and of better quality than for composite formats. SONY BVW
series are used world wide.
As previously mentioned, new digital players as Betacam SX, DIGITAL Betacam and IMX will
ensure playback of Betacam tapes in next 10 to 15 years.

9.3.2

Synchronisation drop-out correction and digitisation

2-inch, 1-inch B and C and Betacam have built-in Timebase Correctors (TBC), drop-out
compensators (DOCs) and output processors. The output of their TBC is PAL or SECAM and
must be decoded to get analogue components before digitisation.For 3/4-inch playback,
synchronisation and drop-out correction are usually performed in the external TBC. (Except
for BVU-SP) Most commonly used TBCs are SONY BVT-500 and-BVT-800. They are very
hard to find.
In the past, third party manufacturers of TBCs or synchronisers have been developed, for
example CVS-503, IVC-2000, CEL QUADRA but they were of poor quality, degrading
signals, introducing additional impairments and had inefficient drop-out compensation.
Current synchronisers including decoders and digital output, have far more electronic
capabilities and can assume more quality requirements. Unfortunately they cannot handle
the colour under U-Matic signals and perform the necessary drop-out correction.
Decoding, drop-out correction and digitisation are critical steps to maintain quality in the
analogue-to-digital transfer. It is therefore essential to the preservation process to acquire a
state of the art technology in decoding, synchronising and drop-out compensating.

9.3.3

Use of technology in compression

Without compression, digital audio and video signals require respectively ~1,5Mbit/s (48 kHz
16 bits stereo) and ~166 Mbit/s (active picture 4:2:2 8 bits). Beyond a certain amount of
digital audio/video data, compression becomes unavoidable to manage storage capacity
(tape duration and number, or server disk capacity). The widely used Digital Betacam
recording format (compression ratio = 2.3:1) is a successful example of the compression
used in the broadcast video domain. Digital camcorders, DVDs and Video CDs are other
successful uses in consumer domain. Compression was also the key factor in the wide
spread use of disk storage servers and network in video production and distribution. For
future video production, EBU recommends the use of MPEG-2 and/or DV formats.

DV format
Digital Video (DV) is the compression standard used for Digital Video Cassette (DVC). DV is
close to motion JPEG. It uses DCT-based intra-frame compression. DV Format is especially
optimised for acquisition onto tape. The "Macro blocks" are arranged in pseudo-random
order, and a fixed number of bits are used in each frame (for a constant bit-rate of
25 Mbits/sec) and in each "super-block". DV uses CCIR resolution luminance sampling, but
the chrominance sampling is 4:1:1 (1/4 the luminance bandwidth horizontally) for
525/30 systems and 4:2:0 (half of the luminance bandwidth horizontally and vertically) for
625/25 systems.
Although developed and optimised as a tape format, DV is progressively replacing M-JPEG
in many editing systems largely because it brings a solution to the non-interoperability and
implementation difficulties of M-JPEG.
Many of the features of DV make it a good tape format and make it widely used for news
shooting. It is not such a good format for storage and servers. For example, using a fixed
number of bits in each frame and each super-block reduces compression efficiency: one
hour of 25 Mbits/sec "compressed" video requires more than 11 GB of disk space.
For broadcast video applications, DV also has significant drawbacks. Detailed or noisy
scenes with 25 Mbits/sec intra-only encoded material will show compression artifacts.

Furthermore, the 4:1:1 or 4:2:0 chrominance format of DV, while sufficient for news shooting,
does not provide the required chrominance bandwidth for high-quality chrominance keying in
post-production.
DV format at 50 Mbit/s (DVCPRO 50) has been proposed to address the quality limitations of
DV. Compared with standard DV, it uses twice the storage space.

MPEG-1 and MPEG-2
The MPEG-1 and MPEG-2 standards use inter-frame compression schemes, which are more
efficient than intra-only compression at low bit-rates. MPEG allows adaptative quantisation
using finer quantisation in parts of a picture where compression artifacts would be more
noticeable to the human visual system and coarser quantisation elsewhere; adaptive
quantisation cannot be used in JPEG and can be used to a limited extent in DV. MPEG
allows variable bit-rate (VBR) encoding - using more bits on difficult scenes and fewer on
simpler scenes to save disk space.
MPEG-1 uses CIF format (352x288) with 4:2:0 chrominance sampling. Nominal bit-rate is
1,5 Mbit/s but it can be used from about 0,8 Mbit/s to 2 Mbit/s. Designed for multimedia
purposes, it offers “near VHS quality”.
MPEG-2 Main Profile at Main Level (MP@ML) is a "conformance point" that the MPEG
committee defined for consumer quality, standard-definition television (up to CCIR resolution
luminance, 4:2:0 chrominance, up to 15 Mbits/second.). Digital Video Broadcasting (DVB)
and Digital Versatile Disk (DVD) are some example of its use.
MPEG-2 4:2:2 Profile at Main Level (422P@ML) was adopted to ensure studio and
professional post-production (4:2:2 chrominance, up to 50 Mbits/sec) video quality. Both the
SMPTE and the EBU have endorsed the MPEG-2 422P@ML format for studio quality
editing, and post-production. The inter-frame compression techniques allow MPEG to
operate at lower bit-rates than JPEG or DV but makes real-time editing of MPEG material
difficult. MPEG based VTR (Sony Betacam SX and IMX) use IB and I frame only GOPs
allowing real-time editing but reducing greatly compression efficiency.
MPEG audio standard defines 3 layers for audio. Basic models are the same, but codec
complexity increases with each one. New schemes were added to meet the multichannel
DVD quality requirements. Each may use 32, 44.1 or 48 kHz sampling.
Standard

Bit-rate

MPEG-1-layer 1
32 – 448 kbit/s
MPEG-1-layer 2
32 – 384 kbit/s
MPEG-1-layer 3
32 – 320 kbit/s
MPEG-2-AAC
48 – 576 kbit/s
Figure 29: MPEG Audio standards

Bit-rate for near CD quality
192-256 kbit/s
28-192 kbit/s
32 – 320 kbit/s
256-329 kbit/s (5 channels)

Using multiplexing, MPEG can embed audio and video streams (elementary stream ES) in a
single programme stream (PS) or in a transport stream (TS).

M-JPEG
Use of M-JPEG is becoming progressively obsolete because M-JPEG is encoded with
proprietary formats. They will be replaced by DV at 25 Mbit/s.

MPEG-4
MPEG-4 is an MPEG project started in 1996 and not actually finalised (initial end date: July
1998!). The MPEG-4 video-coding standard will provide an "object layered" bitstream. Each
object is coded into a separate object bitstream layer. The shape and transparency of the
object - as well as the spatial co-ordinates and additional parameters describing scales and
location, such as object zoom, rotation, translation - are included in the bitstream. The user
can either reconstruct the original sequence in its entity, by decoding all "object layers"
and/or modify scaling, rotation and translation parameters by means of simple bitstream
editing operations without the need for further transcoding. In addition objects can be
included (which did not belong to the original scene) or deleted. It is also targeted to provide
different video objects with various scales of quality, size or frame rates to assist the flexible
presentation of the data.
A basic classification of the bit-rates and functionalities provided by the MPEG-4 videocoding model was established:
-VLBV Core (VLBV: Very Low Bit-rate Video) provides algorithms and tools for applications
operating at bit-rates between 5 and 64 kbits/s, supporting image sequences with lower
spatial resolutions (from a few pixels per lines and rows up to CIF resolution) and lower
frame rates (ranging from 0 Hz for still images to 15 Hz).
-Higher Bit-rate Video Core (HBV Core): The same basic functionalities outlined above are
supported with a higher range of spatial and temporal input parameters up to
R.601 resolutions - employing identical or similar algorithms and tools as the VLBV Core.
Many codecs were introduced on the multimedia market with a pseudo MPEG-4 label: It is a
language misuse. Their main functionality is to be able to code a picture (or sound) in the
range of VLBR bit-rates (very low bit-rate, VLBV) defined by MPEG-4, but they do not
provide any shapes or geometric functionalities. For Internet streaming and downloading,
their quality at lower bit-rate is very impressive regarding older technologies! At medium bitrate, Microsoft MP41, MP42 and DIVX as better quality than MPEG-1, but they vary from
date to date and do not provide a stable technology so they must be reserved for Internet
use.

Internet formats
Distribution modes
The different technical options for audio/video transmission on networks, correspond to
different applications:
Download
To get an exact copy of the audio/video file, in the shortest time on a workstation.
The exploitation (readout, browsing, editing) takes place on the local copy after downloading.
The client workstation tries to use all the available network bandwidth for the downloading.
Lost packets are always re-transmitted to get an exact copy of the source file.
Example: FTP (File Transfer Protocol
Progressive download
To download a file and initiate playback as early as possible (as soon as a sufficient part is
copied).
To conceal the network transmission irregularities to the client player, by downloading first a
few seconds into a local buffer.
The network bandwidth must always be slightly superior to the necessary stream bit-rate in
order to provide a fluid and continuous playback.
Lost data packets are always re-transmitted in order to get an exact copy of the source file.

A copy in a local buffer can be obtained and played back without loading the network.
Example: direct link to an audio/video file in a HTML page.
File-sharing
To access to a distant file to exploit it directly (to edit, to read, to browse it).
Editing, playing or browsing takes place through the network, fully loaded during all these
operations. The necessary network bandwidth corresponds to the bit-rate requested by the
player for a fluid playing (1,5 Mbit/s in MPEG-1, 8 Mbit/s or more in MPEG-2). The network
must sustain this bit-rate during the whole duration of playing, at the risk of hitches.
Lost data packets are re-transmitted. Examples: Windows file-sharing, AppleShare, NFS
(Network File System)
Streaming
To play, to browse an audio-visual document through the network.
The server tempts to assure a fluid playing in case of network irregularities, even by
decreasing the picture quality.
As for file-sharing, the network is fully loaded during playing and browsing.
Lost data packets are NOT re-transmitted.
Examples: RealNetworks, QuickTime, Windows Media streaming.

Download

User characteristics On-demand file transmission
Live programme transmission
Play during download
Store file on client workstation
Long delay before playing if large
file.
Stop playing if network overload
occurs.
Random access.

Network
characteristics

Fast forward
Fast rewind
Server type
Max. bandwidth per stream
Network bandwidth used while
playing
Network bandwidth used while
browsing
Retry on transmission error
Bit-rate control
Network protocols

Yes
No
No
Yes complete copy
Yes
Not concerned
(2)
Download has to be
completed
No
No
FTP
Full network capacity (6)
Null
Null
Yes
Network (6)
IP/TCP/FTP

Progressive download
Yes
No
Yes
Yes(in a local buffer)
No (a few seconds)
Yes during download
(3)
Download has to be
completed (3, 5)
No
Yes
Web (HTTP)
Depends on settings (6, 7)
Depends on settings (6, 7)
during download, then null
Depends on settings (5, 6, 7)
during download then null.
Yes
Network + client (6, 7)
IP/TCP/HTTP

File sharing

Streaming

Yes
No
Yes
No (1)
No

Yes
Yes
Yes
No
No (a few seconds)

Yes

No (4)

Yes

Depends on the system

Yes
Yes
NFS, NetBios, AppleShare
Stream bit-rate
Stream bit-rate

Depends on the system
Depends on the system
Dedicated
Nominal stream bit-rate
Nominal stream bit-rate

Stream bit-rate

Nominal stream bit-rate

Yes
Client
IP/UDP/NFS

No
Server
IP/UDP(RTP)/RTSP

Source: INA Recherche & Experimentation - June 2000
Figure 9.1 Internet distribution modes
1) It is possible to get a complete copy by downloading.
2) Only the delay before playback is increased.
3) Wavelet or fractal based codecs provide a progressive resolution display of the picture, the downloading phases transmitting increasing quality levels. The playing of the file,
from the beginning to the end, is possible on each phase.
4) Some systems include several versions with different bit -rate of the same file; in this case the system goes down on the lower bit-rate format, otherwise it stops video and
keeps the sound if possible.
5) Fast rewind is only available on the already downloaded part.
6) Bit-rate limitation can take place by limitation on the network client card (with particular settings), or by limitation on the network client connection (with particular settings on
HUB or SWITCH output).

7) Some players allow the user to define the maximum connection bit-rate (modem, T1, LAN…), but this downloading bit-rate must be slightly superior to the stream bit-rate to
remain in advance for playing. In absence of this possibility, it is the maximum bit-rate allowed by the network.

9.4 Internet video streaming tools
Three formats are dominant on the market to day: RealVideo of RealNetworks, QuickTime of
Apple and Windows Media of Microsoft.
They all propose both distribution modes, reading the video file (on a recorded support or
after downloading through Internet) and streaming. Moreover they all use the same
technology: compression of still images, reduction of the definition and differential coding at a
variable bitrate. MPEG-4 could become the common format expected by all video Internet
services due to the complexity inherent in managing 3 formats.
The MPEG-4 standard definition is close to the QuickTime one, as it takes into consideration
all types of information (audio, video, and data) and offers a temporal synchronisation of
interactive multimedia objects. This means that multiple audio and subtitled versions should
be easily synchronised to the same video programme, a possibility that will help the
management of catalogues made of multiple versions of the same programme (all stored and
proximized on servers for distribution if necessary which is costly and complex).
Today no encoder /decoder using the complete functionality of the MPEG-4 standard is
available on the market; for instance, Windows Media only uses the video part of the
standard.

Other formats do not have for the moment a lot of practical interest:. Old formats,
such as VDOLive, are not used anymore. New independent formats, such as DivX,
are interesting, because they propose a good level of compromise, which could
anticipate a mass usage of video on-demand (full screen size with 640*480 pixels, 30
frames/sec, 780 kbit/s). But, it is difficult to predict the success of the DivX strategy,
even if it is based on open source software, considering the large installed base of
pre-existing formats.
9.4.1

Software vs hardware compression

• Hardware compression

Source:e-vod

Figure 9.2 Hardware compression for streaming

Hardware compression is achieved as shown above:
• Input is generally a 4:2:2 video stream or a PAL video signal.
• Acquisition / digitising / encoding / compression are achieved with Real Producer (for
RealVideo) and/or Windows Media Encoder, with a dedicated board installed or driven by
the acquisition workstation, which hosts temporary recording.
The advantages of the hardware encoding are the productivity and the capacity to encode
live events. But this is generally achieved with a loss of quality due to the fact that the
compromises made by encoders are - for the moment – still detrimental to fine tuning of the
encoding parameters.
• Software compression
Software compression
(Real / QuickTime / Windows Media))

High-Quality Recording
(DV or M-JPEG 20 Mbit/s)

Shared
Disks
Audio / Video
Fibre Channel
Source: e-vod
Figure 9.3 Software compression for streaming

Software compression is achieved as shown above:
• A first intra-frame encoding is done either in M-JPEG or DV format at 20 Mbit/s.
• A software tool (de facto the outstanding Cleaner 5 from Terran10) is used to convert the
original file into any other type of file format (QuickTime, RealVideo, Windwos Media but
also MPEG, AVI…).
• Sophisticated parameters are available with Cleaner 5 in order to optimise the
compression.
If the quality of the encoding is the main advantage of software compression, the
disadvantage is a greater than real-time processing time, although this aspect depends on
the PC, Mac or workstation used and its additional hardware.

9.4.2

Technical issues about compression use

Adoption of a compression technique for a particular domain (archiving, viewing) is a choice
based on very definite features. Unfortunately, all the criteria are interdependent: a strong bitrate reduction (BRR) ratio damages the quality, use of movement prediction in the MPEG
coding makes editing and browsing difficult… It is the available margin of each selection
criteria (the affected priority to each functionality), that is going to define the technique
10

http://www.terran.com/products/cleaner/index.html
-> Introduction to Cleaner 5

adapted to the domain. Highlights on some key links are described in the following
paragraphs.
Video compression efficiency is a function of the GOP structure.
MPEG can use many GOP structures, I frame only, IB, or IBBP for a constant subjective
quality, IBBP GOP provides a better BRR ratio than using other structures. P frames (50%
relative size) and B frames (25% relative size) store only differences between their reference
frames and are smaller than I-frames.
Within a limited number of generations, we can extrapolate rudely (Figure 9.4):
• 422P@ML IBBP format at 18 Mbit/s produces the same subjective quality than I-frame
only formats like DVCPRO 50 or Sony MPEG IMX at 50 Mbit/s.
• 4:2:0 MP@ML format at 8 Mbit/s produces the same subjective quality than DVCPRO
25 Mbit/s I-frame only.
But these different MPEG formats are targeted at different applications. For example:
• The 4:2:0 MP@ML format at 8 Mbit/s is intended for programme diffusion or distribution.
• The 422P@ML 20 Mbit/s is intended for news acquisition and production, or programme
distribution.
• The 422P@ML IB format (30 Mbit/s) can be used for high quality archiving.
• The 422P@ML I format (50 Mbit/s) is intended for editing and post-production.

Source: Hewlett-Packard11
12

Figure 9.4 Different MPEG formats targeted at different applications

11

«Understanding MPEG-2» C. BENNET, Product Planning manager, Hewlett-Packard’s Video Communication
Division, 1996.
12
The curves shown in the diagram should be taken as an indication of first-generation performance

9.4.3

Storage capacity versus tape capacity

Required storage capacity to record compressed video is a linear function of the bit-rate and
therefore of the used bit-rate reduction ratio. This is the most important point to remember
when designing a server system but in case of magnetic recordings on VTR, tape duration
(or their equivalent GB capacity) is the major criteria.
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Figure 9.5 Video bit-rate and required storage capacity

9.4.4

Quality of compression

The sensitivity to noise of DV systems, and in a smaller degree of MPEG systems, requires a
pre-processing for noisy documents.
During compression, “white noise” in the video is processed as a part of the picture. After
DCT coefficients are quantised, importance of high frequencies coefficients is decreased: the
“white noise” is turned into a “granulated noise”, which is more perceptible. This noise is
variable and makes motion detection uneasy. The difference between two corresponding
"macros blocks" must be coded. Finally, more bits must be used and the overall quality is
decreased.
With the MPEG system, it is possible to match the desired level of quality (and therefore the
bit-rate and the category of the document: News, Sport, or Drama). This is very useful to
optimise storage capacity but dangerous if a further restoration of the document must be
done: In this case, digitisation with a maximum quality and minimum pre-processing is
required.

For an exploitation copy format, a correct evaluation of the postproduction format and of its
complexity tends to become the most important criteria, due to the combined effects of
chrominance signal bandwidth reduction and progressive accumulation of compression
artifacts in decoding/re-encoding process.
MPEG is a “toolbox” with many adjustable parameters. The choice of a given encoder
(software encoder or low-end hardware encoder) is sometimes driven by speed and not by
quality. Some encoders don't calculate motion vectors with the same accuracy (the standard
only define manner to code these vectors but not the way to calculate them). The size of the
research window for block matching can also be reduced. All these considerations
demonstrate that choosing a compression level is not enough, additional degradation of the
quality may result from the choice of poor codecs.
MPEG can use VBR encoding but DV cannot. Therefore, a system that uses 25 Mbits/sec
DV encoding may get comparable quality by using MPEG-2 with an average bit-rate of about
8 Mbits/sec. Most MPEG encoders propose a real-time VBR mode to increase the global
quality of the document. The scene change detection option now proposed by many
encoders, is also useful to preserve quality.

9.4.5

Browsing and Editing capabilities

The use of inter-frame encoding greatly makes editing tasks frame accurate access and fastforward/fast-reverse, uneasy. However, the widespread belief that MPEG-2 couldn't be used
for editing will certainly become obsolete, thanks to the power of new processors and
chipset. Currently, it is true that there is no efficient MPEG-2 IBBP Non-linear Editing (NLE)
system. Few systems exist using I-only, IBB, or IPP GOPs (providing conversion for IBBP
import/export). For cut editing, the software re-calculation time of modified IBBP GOP on a
powered PC is weak and usable to make file format excerpts of the document only.
The systematic use of “closed GOP option” we can find on some coders looses bits and
quality and does not bring a true solution for editing.

9.4.6

Exchange interfaces for compressed data

Currently, almost the entire postproduction digital environment operates with SDI interfaces.
Using compressed formats in a SDI environment means several cycles of compression and
de compression. SDTI or IEEE1394 interfaces, operating in a compressed domain, are now
available on many VTRs (DV SX, IMX) and should become more common. Emerging
interfaces like SDI-CP (SONY IMX) are becoming available and can transport data over
SDTI. SDI interface currently seems a good compromise for exchange. However, analogue
conversion cycles should be avoided.

9.4.7

Timecode embedding

According to the MPEG standard, it is possible to include SMPTE timecode into the headers
of GOPs. However, currently the use of this timecode is not obvious. Precise cueing is
relative and requires P or B frames decoding in between. A timecode break in the middle of a
GOP will only be recorded in the next GOP header, just before the next I frame. Some
coders allow timecode insertion only in the first GOP of the stream, other GOPs are then
obtained by relative counting from this point.
Other systems compress the video with its VITC (Vertical Interval Timecode). Recovery of
VITC is made on decompressed video. This is possible only if the degradation introduced by
compression is not too high. Vertical resolution of 422P @ ML should help to store a reliable
VITC.

9.4.8

File format

MPEG bitstream is completely defined, it is a universal format for networking or file storage.
DV can have different implementation by encapsulation in a proprietary file format. The
Microsoft and QuickTime implementations are some examples of encapsulation.

9.4.9

Summary tables

Features
Intra frame encoding
Adaptive quantisation
Choice of bit-rate
Variable bit-rate encoding
Choice of resolution
Chrominance format

M-JPEG
No
No
Yes
No
Yes
4:2:2 common

DV
No
Limited
No
No
No
4:2:0 (625)

MPEG
Yes
Yes
Yes
Yes
Yes
4:2:0 or 4:2:2

Figure 9.6 Features of video compression formats
Quality
Acceptable
Good
“Prosumer” 4:2:0
Professional 4:2:2

M-JPEG
6 Mbit/s
15 Mbit/s
20-30 Mbit/s
30-50 Mbit/s

DV

25 Mbit/s
50 Mbit/s

MPEG
1,5 Mbit/s
4 Mbit/s
8 Mbit/s
18-50 Mbit/s

Equivalent
VHS or less
Broadcast
Better than broadcast
Production studio

Figure 9.7 Quality level of video compression formats
Format
Luminance /
Chrominance
Quantisation
Ratio
Compression

Digital Betacam

Sony IMX

Betacam SX
4:2:2

10 bits
2,3:1
DCT

Bit-rate
Audio

90 Mbit/s
4 x 48kHz 20bits

8 bits
3,3:1
10:1
422P@ML
422P@ML
I frame only
IB frames
50 Mbit/s
18 Mbit/s
8 (4) x 48kHz 16bits (24 bits)

DVCPRO 50

DVCPRO 25
4:2:0

3,3:1
DV
I frame only
50 Mbit/s
2 x 48kHz 16bits

5:1
DV
I frame only
25 Mbit/s
4 x 48kHz 16bits

Figure 9.8 Comparison of DVTR compressed formats
Applications
Internet 64kbit/s
Internet 250-500kbit/s
VHS quality
DVB quality
DVD quality
Best quality for 4:2:0 Chrominance format
Production quality (I or IB GOP encourages editing
criteria)

Format
MPEG-4, RealNetworks, Windows Media, QuickTime
MPEG-4 – MPEG-1 1,5-2 Mbit/s IBBP
MPEG-2 MP@ML 4-6 Mbit/s IBBP
MPEG-2 MP@ML 6-9Mbit/s IBBP
MPEG-2 MP@ML 12-15 Mbit/s IBBP
DV 25Mbit/s (I frame only)
DV50 Mbit/s (I frame only)
MPEG-2 422P@ML 15-25Mbit/s IBBP
MPEG-2 422P@ML 25-50Mbit/s IB or I-only

Figure 9.9 Digital video formats vs. applications

9.4.10 Classification of encoding systems
It is not the place here to list all the existing coders and decoders, but just to classify them in
families.
Video encoders and decoders

Encoding to network
The main market is to enable network operators and content providers to deliver live
multicast and unicast entertainment, distance learning, corporate communications, and
training content over Internet Protocol (IP) networks. The range of bit-rate is from Internet low
bit-rate stream to MPEG-2 MP@ML stream. The compressed video streams can be received
by desktop computers and IP set-top boxes, or stored on video servers for later viewing.
Fully integrated solutions can control VTR (or monitor VITC) to start and stop encoding on a
given timecode. The Minerva system was a pioneer in this domain, proposing fully integrated
solutions from MPEG-1 to MPEG-2 MP@ML with GOP timecode insertion. Other solutions
allow only live encoding and VTR control or scheduling must be provided externally.
Note: it is necessary to understand that the start and stop accuracy of encoding is not the
main preoccupation for the live encoding market and some systems have very imprecise
start and stop delay. Some tests must be achieved on these systems.
Dedicated to the same market, other constructors propose PC based cards for MPEG-1 and
MPEG-2 MP@ML live encoding on network. VTR control or time scheduling are provided by
additional software tools or may be developed from a software SDK. A user timecode may be
inserted in the start GOP header and incremented along encoding. Some identical solutions
exist in the bit-rate range of Internet stream, dedicated to a particular format (RealNetworks,
Sorenson etc.…).

Encoding to disk
A storage server may be used to deliver recorded materials before transmitting them over
broadcast networks. Encoded files must be stored. Another important market is the authoring
of DVDs and CDs. Encoding systems are used to capture audio and video on disk, then
specialised software is used to achieve editing and formatting before DVD or CD burning.
Generally the manufacturers propose network versions and disk version of their encoders
cards. Due to post editing step generally used, the same previous remarks are available on
the time accuracy of some systems.
Many existing software systems allow DVD (MPEG-2 MP@ML) encoding from various input
file formats. Associated with a capture card (and eventually NLE system), they provide an
affordable solution for MPEG encoding but software encoders are often slow and require a
high powered system (multiprocessor) for real-time encoding. They rarely provide timecode
insertion in the GOP structure. Several steps are required from native video: accurate
timecode capture, editing and encoding. Encoder quality is unequal, and if they are
dedicated to the non-professional domain, a preliminary checking of their conformance to
MPEG standard must be done.
NLE systems capture M-JPEG, MPEG or DV from YUV or Y/C input (from IEEE1394 input
for DV). YUV, Y/C or DV outputs are provided for recording onto a VTR. Some professional
products (Matrox, Pinnacle, Canopus, Fast etc.…) provide SDI or SDTI input/output.

They do not use native MPEG or DV format on disk but usually embed it through AVI or MOV
file format (without decompression/recompression). These file formats in their native form are
limited to a 2GB size and OpenDML, OMF (Open Media Framework) or other proprietary
wrapper formats are used to store indexes and timecode. In this case a video file stored on
disk can not be used as an MPEG stream.
On DV system, embedded timecode in IEEE1394, is commonly used and displayed in a NLE
environment but is not used on a basic player. Any PC or MAC based NLE software system
can edit and convert DV but only few of them can edit or convert of IBBP MPEG (I frame only
is most frequently used). Editing MPEG is a time consuming task and if they do not use a
specific hardware (associated with capture card if provided) they do not edit or convert in
real-time.

Multilevel encoding
Currently the only multilevel encoding MPEG system to disk, is manufactured by Vela
Research. Others using OPTIBASE or FUTURETEL cards are third party
developments. They provide frame accurate encoding of video content in MPEG1 format for low bit-rate browsing, while simultaneously encoding the video content in
MPEG-2 format for storage and playout. SDI input/output, RS422 VTR control and
limited storage are provided.
Decoding from file
Many decoder cards whose main function is to play DVD, are able to decode MPEG-2 MP
@ML and MPEG-1 streams. They do not however ensure a broadcast quality and usually
have only composite outputs. The DVD market also drives the presence of numerous
software decoders. Usually they are of varied quality. They are able to decode MPEG-1 and
2 until 10 to 15 Mbit/s. Video output is provided only by computer graphic cards (PAL and/or
Y/C output) and rarely offer a sufficient quality. Their use in the archive domain should be
limited to browsing, provided they deliver a continuous stream and remain faithful to the
original at cuts and during fast movements at the beginning and the end of the file. Currently
there are no integrated functions to play or retrieve timecode. This function requires software
developments.

Decoding from network
Playing directly MPEG-1 or MPEG-2 MP@ML streams from network is generally performed
by software decoding but some decoder cards are available to. They usually play also DVD
and MPEG-1 and 2 from file. Same remarks as above must be applied on their quality and
functionality.
Note1: C-Cube system, IBM, Philips, Panasonic, Sigma Design… provide DV and MPEG
dedicated chipsets so many hardware system use the same basic circuitry and may provide
the same quality. Differences are in firmware, associated hardware, input/output and added
functionality corresponding to their target market.
Note2: Very few 422P@ML systems (except systems from VELA RESEARCH, STRADIS…)
are on the market. Chipsets are available for such encoder or decoder but there is no market
volume effect for this professional product.

9.4.11 Tools

Video formats conversion tools
A NLE system that accepts DV format input and produces MPEG-1 or MPEG-2 output, can
be considered like a conversion tool but often its ergonomics do not fit to this simple
operation. These tools are rarely exploited as conversion tools, because their GUI (Graphical
User Interface) only access renders them unusable in an automated process. The inverse is
less frequent: to produce a DV file from a MPEG file (see remarks over on NLE systems).
Matrox provides NLE solutions for DV 25 or 50 Mbit/s and MPEG-2 (I frame) 50Mbit/s with
their " Digisuite " and “Digiserver” cards family. They make transcoding from DV to MPEG
system (using an intermediate storage format). MPEG output transfer will be done at 4 times
the nominal speed with optional SDTI input/output card. Software tools are provided to
convert proprietary (modified AVI) file format to MPEG (ES) video file format (audio is
uncompressed and must be converted separately). With their SDK (Software Development
Kit) based on COM technologies they provide a possible way to build a customised cut and
paste editing system with conversion but they can’t support GOP timecode insertion and
retrieval.
The Terran MediaCleaner may be used to convert to (and from) MPEG, DV or Internet
formats.

MPEG software editors
There are some systems able to cut and paste MPEG files (with limited effects).They are
however, software only solutions. Using a sufficient powered PC, they can deliver edits with
an acceptable delay and provide an affordable solution to make de-multiplexing and
transcoding of MPEG files. Special attention must be done to Mediaware software solutions.
They provide several solutions with 422P@ML support and GOP timecode support:
• A server based command line utility for MPEG transcoding
• A server based command line utility for MPEG editing
• A professional GUI application for 4:2:2 and 4:2:0 editing and trimming based on their
technologies

9.5 New media for video protection
9.5.1

Preliminary considerations and definitions

In order to know which storage systems must be considered, one has to know which storage
conditions are prevalent. Four kinds of video programme copies are considered from the
archivist point of view. Each type targets a different use and this has major impact on the
features of the storage system that are needed for them.
•

•

Remote viewing copy; the archivists’ clients select programme excerpts remotely. It has
to provide a sufficient viewing quality so that customer can make their choice before they
buy the exploitation rights on a programme. Meanwhile it must weigh as little as possible
in order to be a cost-effective solution. The VHS copy, with a "burnt-in timecode" is a
solution in common use today. It is very cost-effective but it does not provide a very good
access time. For an on-line instant-access solution, “Internet quality” (down to 56 kbit/s
bit-rate) is considered today although there are still some doubts on its capacity to
provide a satisfactory viewing quality for professional use, due to today’s available
Internet common bandwidth.
Local viewing copy: this copy aim at having the archivists’ clients selects programme
excerpts locally, in the archivist premises. Currently, images with weight as low as

•

•

“ MPEG-1 quality ” (1 Mbit/s) are in use. An exploitation copy can also be directly used for
viewing purposes.
Exploitation copy: the exploitation copy targets a direct delivery to the archivist’s client
(broadcaster, producer); for example, a copy is made from it and it is given to the client or
it is played back and delivered to him over a video network. All kinds of exploitation
considered here concern usual television applications: broadcasting video tape and DVD
distribution. The quality needed here, at the input of the production process, is higher so
that a satisfactory quality is eventually available on the final television set. Currently,
archive programmes weight for this purpose ranges from 4:2:2 encoded videos (166 to
270 Mbit/s) down to 8 Mbit/s compressed programmes (MPEG-2 MP@ML). However,
most common exploitation copies weigh around 100 Mbit/s (Digital Betacam video+audio
rate, very common for usual programmes) and 50-20 Mbit/s (DV options for news
programmes). The 8 Mbit/s MPEG-2 MP@ML solution is uncommon and should be
reserved to specific cases (few examples), as this level was originally designed for final
broadcast. It was not originally considered as suitable for a use in the studio, that can be
followed by post-production and broadcast, leading to possible quality degradations in the
process.
Archive copy: this copy is kept for long-term archiving purposes. The weight needed may
be higher than the exploitation copy. It must allow future restorations (that would not be
theoretically feasible with a low quality archive) and future exploitation with a possible
higher quality standards. Image weights range from 4:2:2 programmes (# 200 Mbit/s)
down to 100 Mbit/s (few artifacts). There are examples of archive copies at 50 Mbit/s
(news programmes).

The archive copy and the exploitation copy can differ: the latter can have gone through a
restoration process while the former must be left as it is so that it can take advantage of
future restoration processes and lead to better-quality exploitation copies. There may also be
two such separate copies for tape wear considerations: only the exploitation copy is played
back (tape wear) while the archive copy is the master tape.
It is worth noticing that there may also be only one (archive + exploitation) copy, particularly
when few or no restoration is involved. In any case, the quality needs for the exploitation
copy are less or equal to the quality needs for the archive version. Presto mainly deals with
the storage issue for archive copies. However, it must also take into account the impact on
exploitation and viewing copies.
Beyond the sheer weight of each kind of copy, other parameters have an impact on the
storage systems to be considered:
•
•
•
•

The amount of items to be stored
The access time
Security and reliability considerations
And the need for long-term playback

Exploitation and viewing copies may not cover the whole holdings of an archivist. He can
indeed offer a selection of his programmes for viewing and he can fill the viewing base
progressively, as demands for them are coming. On the contrary, the archive copy must
embrace the whole archivist holdings. Common large archivist holdings number millions of
documents.
The access time to the documents is also different depending on the copy considered.
Viewing copies must be quickly accessible as archivist's customers browse through the
archivist holdings in order to choose the programmes they will buy exploitation rights on.
Exploitation copies must be available in a “reasonable time”. For news uses, very fast
access is needed. For other programmes, a delay can be accepted. The archivist copy does

not have very high access requirements. It should still be possible to automate the playback
of those programmes as much as possible in order to minimise the cost of migration to new
formats.
In Information Technology terms, the word "security" not only refers to hacker intrusion in a
networked system, but also to the protection of data against anything that could endanger
their integrity. Security then includes the protection of a system against loss of data. The
reliability of the system defines how long it will be up and running without and interruption of
service. It is worth noticing that security and reliability are not binary values; on the contrary,
they have to be taken into account as parameters.
The reliability for viewing and exploitation storage systems are high. An interruption of
service for those systems results in a loss of income and of image for customers, a risk that
has to be evaluated. In case of a serious loss of data, the interruption in service is defined by
the time required in order to rebuild the viewing copy from the exploitation copy or the
exploitation copy from the archive copy.
The security requirements for the storage system holding archive copies are also extremely
high. In case of a loss of data, the programmes cannot be built again from other lower-quality
copies. It is worth noticing that this requirement may not be equally high for all programmes:
one may require a higher security requirement for very valuable programmes (from a
commercial or patrimonial point of view).
Finally, long-term playback needs are different depending on the kind of programme copy
considered. Actually, the archive copy has the highest requirement on this parameter.
Copy
Typical video bit-rate
(storage capacity
required / 1 hour)
56 kbit/s+ (25 MB)

Remote/local viewing copy

Exploitation copy

Archive copy

1 Mbit/s+ (0.45 GB)

100 Mbit/s (45 GB)
50-20 Mbit/s (22.5 - 9 GB)
8 Mbit/s, uncommon(3.6 GB)

Number of items
Access time needs
Security and reliability
needs
A removable storage
media may be used as a
transport/delivery
mechanism

10 000s +
Fastest
High

200 Mbit/s (90 GB)
100 Mbit/s (45 GB)
50 Mbit/s, news (22.5
GB)
10 000s Ÿ 1 000 000s
Fast
Very high

Not necessary for viewing in
the archivist premises and
future remote viewing; VHS is
usually used in other cases

Necessary in many
cases today as WAN
network costs are very
high at those bit-rates

Long-term playback
needed

Not strictly necessary as long
as viewing copies can be
generated automatically from
exploitation copies

Medium-term playback
needed (as long as the
copy meets current
quality standards)

100 000s Ÿ 1 000 000s
Slow is ok
Extremely high
Necessary today as LAN
network technologies and
the volume considered do
not allow a fully automated
system
Long-term playback
capability is definitely
needed

Figure 9.10 Features required of the various video programme copies

9.5.2

Digital video options

Digital outputs of synchronisers are CCIR 601, 8 or 10 bits video and AES-EBU audio
outputs. They can be directly recorded onto a digital video format.
Standard-Definition (SD) digital video recording formats are:
D2

D1
Recording format Digital
components
4:2:2
Manufacturer(s) Sony, Philips
(BTS)
Tape width and
19 mm (3/4")
type
oxyde
Max. recording
94 min.
time
Number of
100
"generations"
Camescope
No
Interconnection
Digital
Commercial
launch date

D3

D5

Digital Betacam

Digital composite Digital composite Digital
4fsc
4fsc
components
4:2:2
Ampex, Sony,
Panasonic
Panasonic
Philips (BTS)
19 mm (3/4")
1/2" metal
1/2" metal
metal
208 min.
245 min.
123 min.

Digital
components
4:2:2
Sony

20

20

100

100

No
Analogue +
Digital
1989 -X

Yes
Analogue +
Digital
1991 - X

No
Digital

Yes
Digital

1994

1993

No
8

No
8

No
10

2:1
10

4

4

4

4

4

48 kHz

48 kHz

48 kHz

48 kHz

48 kHz

20

20

20

20

20

Pseudo
720 x 576
No

Pseudo
720 x 576
No

Yes
Pseudo
960 x 576
720 x 576
D3 tape playback Std and SP
Betacam tapes
playback
72,000 $
35-42,000 $

1988 - X

1/2" metal
124 min.

Video
Bit-rate reduction No
Quantisation
8
Nbr of
bits/sample

Audio
Nbr of digital
audio channels
(AES/EBU)
Sampling
frequency
Quantisation
Nbr of bits /
sample

Compatibility
16/9 compatibility Pseudo
720 x 576
Compatibility
No
with another
format
Recorder
purchase list
price

Source: Manufacturers. Formatting INA-Formation. February 2001

Figure 9.11 SD digital video magnetic tape storage – Formats and Equipment (1)
199. - X: Indicates that the format and corresponding equipment are no longer manufactured.

Recommended video recording format for the short- and mid-term preservation of digital video archives

MPEG IMX

Digital S
D9

DVCPRO 25
D7

Components
4:2:2
Panasonic
Philips (BTS)
1/4"
Metal
93 min.

Components
4:2:2
Sony

Components
4:2:2
JVC

Components
4:2:2
Sony

1/2"
Metal
224 min.

1/2"
Metal
124 min.

Components
4:1:1
Panasonic
Philips (BTS)
1/4"
Metal
123 min.

50

50

50

7

7

Yes
1998

2000

Yes
1996

Yes
1996

Yes
1996

M-JPEG
3:3:1
50 Mbit/s

DV 25
5:1
25 Mbit/s

4:2:2

MPEG-2
422P@M
I frame
3.3:1
50 Mbit/
4:2:2:

4:2:2:

4:1:1

MPEG-2
422P@ML
GOP (IB)
10:1
18 Mbit/s
4:2:2

8 bits

8 bits

8 bit/s

8 bits

8 bits

4

4

2

4

48 kHz

8 (48 kHz / 16
bits)
4 (48 kHz / 24
bits)
48 kHz

48 kHz

48 kHz

48 kHz

16 bits

16 / 24 bits

16 bits

16 bits

16 bits

Yes
Digital, SX, SP
and Std
Betacam, tapes
playback

Yes
S-VHS playback

Yes
DV playback
DVCam playback

Yes
Std and SP
Betacam tapes
playback

37-39,000 $

15-22,000 $

18-21,000 $

18,700 - 28,100 $

DVCPRO 50
Recording format
Manufacturer(s)
Tape width and
type
Max. recording
time
Number of
"generations"
Camescope
Commercial
launch date

Betacam SX

1/2"
Metal
184 min.

Video
Bit-rate reduction

Sampling
structure
Quantisation
Nbr of
bits/sample

DV 50
3.3:1
50 Mbit/s

Audio
Nbr of digital
audio channels
(AES / EBU
format)
Sampling
frequency
Quantisation

Compatibility
16/9 compatibility
Yes
Compatibility
DV playback
with another
DVCam playback
format
DVCPRO 25
playback and
record
Recorder
30,000 $
purchase list
price

Source: Manufacturers. Formatting INA-Formation. February 2001
Figure 9.12 SD digital video magnetic tape storage – Formats and Equipment (2)

High-Definition digital video-recording options are presented in § 2.4.1.

8.4.3 Data options

9.5.3

Classification of data storage technologies

Three main kinds of storage systems are available on the Information Technology (IT)
market today: Primary (electronic memory), Secondary (magnetic disk) and Tertiary (optical
disc and magnetic tape libraries). They have different intrinsic capabilities and costs, as
explained in the following diagram.

Source: IBM

13

Figure 9.13 Data storage hierarchy

Figure 9.13 summarises the main characteristics of the various storage technologies.
Figure 44 presents an overview of the industry players involved in storage technologies
(magnetic, optical, magneto-optical), storage media (tapes, disks) and recording formats.
The two columns on the left relates to digital video recording formats, which are detailed in
Figure 40 and Figure 41. Some of the corresponding drives are no longer manufactured. The
Digital Betacam format, with a digital video bit-rate reduction of 2:1, offers performances and
media price that make it attractive for the short-term preservation of digital video (or film)
archives.
The third column on the left of Figure 44 lists the data recording formats, which are a
derivative of professional Digital VTRS. In spite of high capacity and data rate, their purchase
price, as well as their operations and maintenance cost make unsuitable as candidates for
preservation storage.
The linear recording formats of the computer industry (fourth column) offer an ever
increasing capacity and data rate, as well as an attractive purchase price and Operations &
Maintenance cost. They are good candidates for preservation storage.
Although the magneto-optical disk and the Write-Once optical disk technology offer good
performances, we recommend for viewing copies, the DVD-R product, which will be
produced on a large scale14. Some brands also present a great life expectancy.
Nevertheless, some new development on magneto-optical tapes could make them attractive
in the mid-term.
13

Geoff Cole «Disk & Tape Technology – Update & Directions»
http://adsm-symposium.oucs.ox.ac.uk/papers/geoff/index2.htm
14
The total magneto-optical disk production was estimated to be approximately 30 millions for the year 2000; this
is a small quantity compared to the CD-R disk production estimate of 3 billions.

Magnetic technology
Data tape

Magneto-optical technology

(Hard) Disk

Tape (under
developt)

Disk

Optical technology
Tape (under
developt)

WORM
Digital Optical CD-R
Disk

DVD-R

Engraved
Glass
CD/DVD

4.7 GB (20042007: Ÿ 15-25

0.65 GB / 4.7
GB

Helical scan

Linear

Max. media capacity (growth
projections Figure 9.20)

200 GB
(DTF-2)

100 GB LTO,
SDLT

70 GB

600 GB

9.1 GB (5.25")
(2006 Ÿ 80 GB)

1 TB

30 GB (12")
(2003 Ÿ 50-

Max. sustained bit-rate
(growth projections Ÿ Figure

24 MB/sec
(DTF-2)

10 - 20
MB/sec

40 - 50
MB/sec

64 MB/s

5 - 10 MB/sec
(2006 Ÿ 7.5-15

25 MB/s

3 – 6 MB/s

0.65 GB

60 GB)

51)

MB/sec)

GB)
Write: 16x (2.4
MB/sec) Read:
40x 6 MB/sec

Write : 3 MB/s
Read : 10 MB/s
(2003 Ÿ 40-60
MB/s)

Average access/seek time

50 - 100 sec.

5 – 10 ms

3.5 sec

20 - 40 ms

100 ms

Write once read many
(WORM)

No

No

No

No

No

Yes

Yes

Yes

Yes

Data protection against
extern. interferences and
agents

-

-

+

-

++

+++

+++

+++

++++

++

+

+++

+++

+++

+++

+++

+++

+++++

Media wear resistance

Data life expectancy

Reliability (media + drive)

-

+

Tape / head
rubbing

Slight tape /
head rubbing

+

++

10 years
depending on
the nbr of
cycles

Better than
helical scan

-

+

++

++

++

No disk /
head contact
++

+++

+++

+++

> 30 - 50 years

> 100 years

(according to
substrate and
coating)

++

++

+++

+++

+++

+++

++

++

+++

+++

+++

-

1.5 $ / GB

3.5 $ / GB

0.35 K$

3.5K$

> 200 years

Complex
mechanism
Technology evolution
potential

++

(Ÿ
holography)
Media price (U.S. $ per GB)
(Ÿ Table 07)

1 $ / GB

1.2 $ / GB

Drive price (U.S. $)

27 k$ (DTF2)

7 - 8 k$

65 $ / GB
50,000 $

Source: INA Recherche & Experimentation - February 2001.
Figure 9.14 Features of data storage technologies

Magneto-Optical
technology

Magnetic technology
(Hard) Disks

Tapes
Helical scan

Tapes

Disks

Optical technology
Tapes

Automated libraires**

Disks

Tapes

Juke-boxes

ADIC
ATL

ALP
Electronics
(swisstorage.c
om)
DISC
NSM

Linear

Digital video recording
formats

Digital
Optical Disk
- WORM

Data recording formats
Non
Compressed
compressed
formats
formats
DVCPRO50
Panasonic
Philips (BTS)

D-1
Sony
Philips (BTS)

DD-1, ID-1
Sony DIR1000
Enertec
Datatape

DLT
Quantum*
Hewlett-Packard*
StorageTek*
Tandberg

DVCPRO 25
Panasonic
Philips (BTS)

D-2
Ampex
Sony
Philips (BTS)

DD-2
Ampex* DST

Super DLT
Quantum*
Tandberg
(tapes: Fuji, Imation,
Maxell)

MPEG IMX
Sony

D-3
Panasonic

SD-3
StorageTek*

Betacam SX
Sony

D-5
Panasonic

DD-5
Enertec*

ID-2
Sony

O-MaSS /
Tandberg
(under
development)

5.25" (13
cm)
IBM*
Plasmon
* Sony

3.5" (8.6
cm)
Fujitsu
Sony

LOTS
Technology
(under
developt)

12" (30 cm)
New ATG*
Plasmon*
Sony

Emtec (BASF)
FujiFilm
Maxell (Hitachi)
Mitsui
Philips PDO
Pioneer*
Verbatim
(Mitsubishi)

Engraved
"Glass" CD /
DVD

Plasmon Toolex
France (exDigipress)

5.25" (13 cm)
HewlettPackard*
IBM*
Sony

LTO / Ultrium
IBM*
Hewlett-Packard*
Seagate

Magstar 3590
IBM*

D-6 (High
Def.)
Philips /
Toshiba
Digital
Betacam:
Sony*

EMC
IBM
Maxtor Quantum
Seagate
StorageTek
Western
Digital

DVD-R

DTF
Sony*

NCTP
Plasmon (PhilipsLMS)

Source: INA Recherche & Experimentation - February 2001

Figure 9.15 Storage technologies - Formats - Media and/or equipment manufacturers
* Manufacturers offering automated libraries with their storage media and drivers
** Manufacturers producing only automated libraries

Chips
Storage in electronic form allows the fastest access to data at a very high cost. This is not a
relevant consideration for the archivist, as it is integrated in the server and it is fully
"transparent" (temporary buffer storage).

Magnetic hard disks
Technical advancements for the hard disk drive in recent years, in particular the data storage
capacity within a given hardware volume and the data transfer rate, have been quite
remarkable. The progress in the areal recording density improvements, maintained at an
annual growth rate of 40 to 60% in the past 10 years, has actually increased. Between
1998 and 2000, the areal recording density, in both laboratory demonstrations and in the
products entering the market, has quadrupled, at an annual rate of increase of 100%. This
remarkable improvement is a combination of several factors. The most noteworthy item is the
introduction of a new read head commonly referred to as GMR (Giant Magneto Resistive
Head).
Within the next five years, the drives for enterprise computing and server applications bases
on 3.5 inch platter will have a capacity of 150 to 200 GB with a sustained data rate in excess
of 100 MB/s.
The average price has declined from $1 per MB (1000 $ /GB) in 1993 to less than 10 cents
per MB (100 $ /GB) in 1999. Another 10 to 1 price reduction to approximately 1 cent per MB
(10 $ /GB) is expected beyond the year 2005.
Hard Disks and servers
Disks store data on a 2-dimension surface. This option provides a good access to any data
on the disk, while it allows a limited capacity. Disks can be combined with their Read/write
mechanism (Magnetic Hard Drives) or can be considered as extractable mediums (DVDs
and other magnetic/optical solutions).
There are various extractable disk categories. This situation leads to a problem in terms of
medium/long-term availability of the technology and many options are then not suitable to the
archivist. The best approach for the archivist is to consider DVD technology, where different
write-enabled solutions exist. Current technology capabilities are however quite low as
compared to many data capacity needs of a professional video archivist.
Hard disk drives capacities and cost/capacity levels make them an interesting option for the
storage of preview and possibly exploitation copies today, when instant access is needed.
RAID (Redundant Array of Inexpensive Disks) solutions offer the necessary redundancy and
bandwidth. The amount of programmes that can be stored and their quality are increasing
with drive capacity. The hard disk drives have to be integrated in a hardware and software
server environment that allows access to the video. The complexity of such a system can be
high.

Optical recording
In the late 1990's, optical recording technology had finally become a major player in mass
data storage. In 1995, over a decade after the introduction of CD technology early in the
1980s, DVD product specifications were completed. The areal density of DVD products is
nearly 7 times greater than CD, with a much improved data transfer rate. The product line
includes recordable formats as good as or better than magnetic recording. Following the
tradition of making a quantum jump, proponents of DVD products are forecasting the

availability of next generation products with as much as a 5 times density improvement over
current DVD capability in two to three years.
Technologies for DVD products are equally available for other forms of optical recording,
including magneto-optics. Magneto-optical recording offers a unique characteristic for even
higher recording density than the pure optical technology because of its recording process.
Optical recording as applied to disk has one shortcoming, the relatively slow recording rate.
The physical heating/cooling process of the media in phase change and the media-heating
rate in magneto-optical governs the optical recording rate. Even projecting to 2005 and
beyond, the single channel recording rate will not be higher than 10 MB/Sec for phase
change and 20 MB/Sec for magneto-optical recording. To achieve a higher system recording
rate, multiple optical heads are required. Since the basic technology is oriented toward
volume produced consumer/commercial products, to date proponents have opted not to go
beyond a single head.
The reading rate can be made much faster than the recording rate, as demonstrated by the
capability of fast CD-ROM readers. The main application of optical disk technology,
therefore, resides in archiving, where the nature of storage is essentially read-only.

Tapes
Basic tape drive techniques (linear, helical scan, magneto-optical)
As studio-quality video requires very high capacity needs and as video archivists have
important amounts of video programmes to be stored, the following sections now mainly
focus on tape. Indeed, tape provides the best cost-effective option for mass data storage.
As specified in Figure 9.16, two main basic techniques are used in the tape drives: helical
scan (H) or linear (L). A comparison between the two techniques is given in the table below.
In short, helical scan technology has better capacity and bit-rates performances, at the cost
of higher equipment and maintenance prices, and lower data reliability.

Capacity and bit-rates
Equipment cost
Maintenance cost
Data reliability

Helical scan

Linear

Higher
More expensive
Uncommonly high (# 20-25 % /
year)
Lower (very dependant on the
number of tape playback cycles)

Lower
Cheaper
Cheap (# 10 % / year)
Higher (less dependant on the
number of tape playback cycles)

Figure 9.16 Comparison of Linear // Helical scan tape storage

Magneto-optical tape solutions were also studied in research laboratories (for example by
Thomson). No product is available today; however, if such a product is released in the future,
it should provide particularly interesting performances for video archives.

Market overview
Within the tertiary storage systems, there are different key markets that address different
needs and cost ranges:

Market
segment

Desktop

Mid-range

High-end

Typical
products

Main
manufacturers

Tape
width

Travan

Seagate, etc.

6 mm
(1/4")

*

Max.
Native
capacity

Average
Sustained
access
bit-rate
time

Approx.
drive
price

Maintenance
contract
price
estimate

L

10 GB

1 MB/s

$ 500

-

45 s

DDS4/DAT

HP, etc.

4mm

H

20 GB

3 MB/s

50 s

$ 2k

-

SLR-100

Tandberg

8 mm

L

50 GB

5 MB/s

30 s

$ 3k

10 % / year

Mammoth-2
(M2)

Exabyte

8 mm

H

60 GB

12 MB/s

180 s

$ 5k

25 % / year

AIT-2

Sony

8 mm

H

50 GB

11 MB/s

30 s

$ 6k

25 % / year

DLT7000

Quantum

13 mm
(1/2")

L

35 Gby

5 Mby/s

SDLT

Quantum,
Tandberg

13 mm
(1/2")

L

100 GB

10 MB/s

102 s

$ 7k

10 % / year

LTO/Ultrium

IBM, HP,
Seagate

13 mm
(1/2")

L

100 GB

15 MB/s

50 s

$ 8k-$4k

10 % / year

DTF-2

Sony

13 mm
(1/2")

H

200 GB

24 MB/s

70 s

$ 14k

25 % / year

9840

StorageTek

13 mm
(1/2")

L

20 GB

10 MB/s

15 s

$ 25k

10 % / year

10 % / year

Source: INA Recherche & Experimentation - February 2001

Figure 9.17 Features and costs of data tape storage systems
(*) L = linear H = Helical scan.
(The figures usually come from manufacturer information on the Internet and should only be taken as first estimates)

Two main actors (high-performance linear drives) are particularly interesting in the field:
SDLT and LTO. SDLT (Quantum) provides backward compatibility with the successful DLT
format, which is a key advantage. LTO, a new format that offers no backward compatibility, is
however standardised by a manufacturer consortium. This situation can be very interesting
as far as the long-term availability of the products (and their costs) are concerned. It is worth
following the market share that these two formats will have, as they can be very interesting
solutions in terms of total cost of ownership, over helical formats. Moreover, the technology
roadmaps of the two products show promising capabilities in the medium term.
DTF-2 is a helical scan format from Sony. Until now, It mainly targeted the video storage
niche. Currently SONY is trying to introduce it in the computer market arguing around its very
fast transfer abilities. Therefore, there are currently doubts on its viability apart from the
specific video market.

9.5.4

Tapes (and mixed media) libraries

As they store data in a 3-dimensional area (a reel of tape), tapes provide the most costeffective way to store large amounts of data, while they provide the lowest access time.
Tape libraries aim at automating the access to large data tapes holdings. Many of them are
specific to a drive format and the drive manufacturers provide them.

Some of them allow the combined use of different tape and drive formats. They represent a
particularly interesting solution as a tape library is an important investment while some tape
and drive formats may not be supported anymore in the medium-long-term.
ADIC provides a mixed media library that supports the most important number of different
formats. It then looks like a particularly interesting solution. StorageTek also proposes a
mixed media library, with fewer formats supported.
Today, (mixed) tape libraries are not considered for archive copies as the costs involved
would be far too high when 100 000s to 1 000 000s programmes are involved. There are
however examples of their usage as an exploitation copy excerpt storage system.

Hierarchical Storage Management software / near-line systems
Near-line systems consider the combined use of the different categories of storage
techniques in order to provide the best access time, capacity, at the lowest cost. In particular,
tertiary storage is used for its high-capacity capability while secondary storage provides a
faster access. The Hierarchical Storage Management (HSM) software used allows making
the copies between tapes and hard drives. Data that is accessed more often is dynamically
copied to the hard drives while the rest of the data stays on tapes in the high-capacity library.
In this situation, it is worth noticing that the relationship between files (video programmes)
and storage units (tape cartridges/cassettes) may not be straightforward as it can be
automatically managed in order to optimise access, bandwidth, tape usage, etc. In case
there is not a 1-1 relationship between the two, a tape from the library cannot and should not
be used as a transport mean as it is the case with video tapes from VTRs. This situation can
be a drawback as network costs are still high considering the bit-rates involved for
professional video.

Expected performances evolution of data storage technologies
Linear tape
Year

1983

1993

1999

2005-2010

Product

IBM-3480

DLT-2000

DTL-8000

Projection

Tracks per inch (TPI)

36

256

336

1500/3000

Mbits/in2

1.78

16

41.3

375

Year

1985

1999

1999

2005-2010

Product

ID-1

DTF-2

DDS-3

Projection

Tracks per inch (TPI)

655

1450

2820

3000/8000

Mbits/in2

33.3

236

430

750
2005-2010

Helical scan tape

Magnetic hard disk
Year

1980

1990

1999

2000

Product

IBM-3380

IBM-Corsair

Fujitsu MPF3

Industry DEMO (1)

Projection (2)

Tracks per inch (TPI)

801

2238

19,800

60,000

100,000

Mbits/in2

12.2

89.5

7,270

36G

100G
2005

Recordable optical disk
Year

1982

1998

1999

Product

CD

DVD-RAM

DVD-RAM

Next Gen (3)

Tracks per inch (TPI)

15,875

34,300

41,300

85,000

Mbits/in2

484

2,130

3,745

12,750

Source: NML, NTA / 3M - August 2000
Figure 9.18 Data storage areal density (Mbits/in2) growth history and future projections
1) As of May 2000, laboratory experimental results are approaching 50 Gbits/in2.
2) Commercial product availability after 2005.
3) Commercial product availability between 2004 and 2007. Details shown for 16 GB surface capacity. Up to four recording
surfaces per disk may be provided.
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Figure 9.19 Data storage area density (Mbits/in2) growth vs. Tracks per inch (TPI)
1999
Magnetic tape helical scan

Magnetic tape linear

Magnetic hard disk (3.5")
Optical disk

2000

2003

2005

DTF

200

400

800

LTO / Ultrium

100

200

400

Super DLT

100

300-500

DLT-1

40

80

Magstar 3590 E

20-40

100

2010

1000
120

High performance

35

70

100

150

500

Lower cost

35

70

100

150

500

DVD-R

4.7

Source: NML, NTA / 3M - August 2000
Figure 9.20 Capacity growth projections (GB) for storage media technologies
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Figure 9.21 Capacity growth projections (GB) for storage media technologies

1999

2000

2003

2005

Magnetic tape Helical scan

DTF

24

48

96

Magnetic tape Linear

LTO / Ultrium

10-20

20

40

Super DLT

10

22-40

Magnetic hard disk (3.5")
Optical disk

DLT-1

3

6

Magstar 3590 E

14

20

100
12

High performance

40

50

125

250

Lower cost

30

40

100

200

DVD-R (recording rate)

2010

11 Mbit/s

Source: NML, NTA / 3M - August 2000.
Figure 9.22 Data rate growth projections (MB/s) for storage media technologies
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Figure 9.23 Data rate growth projections (MB/s) for storage media technologies.

Elements of costs

Digital
Magnetic
Betacam
tape
Helical scan
DTF-2

Capacity

Media price Media cost per GB

Media cost per GB
comparison ratio

Drive price

2000-2001

2000-2001

1996

2000-2001

1996

2000-2001

2000-2001

64 min
(~ 37 GB)

18 $

0.7 $ / GB

0.5 $ / GB

1

1

35 K$

2.5-3 $ / GB

200 GB

210 $

1 $ / GB

4

2

27 K$

LTO/Ultrium 100 GB

128 $

~1.15 $ / GB

-

2.5

6.8 K$

Super DLT

110 GB

125 $

~1.15 / GB

-

2.5

7-8 K$

Magnetic
tape
Linear

DLT IV

20 & 35 GB

56 $

3-4 $ / GB

1.5 $ / GB

5

3

4.3 K$)

Optical
disks

CD-R

0.65 GB

1$

7.5 - 8.5 $ /
GB

1.5 $ / GB

11.5

3

0.35 K$

DVD-R

4.7 GB

17 $

3.5 $ / GB

-

7

3.5 K$

1993:
1000 $ / GB
1996:
~550 $ / GB
1999:
< 100 $ / GB

65 $ / GB
2005 :
~ 10 $ / GB

780

130

650 K$ / 10 TB
(SGI RAID)

Magnetic hard disks (3.5")

35-70 GB

Source: Manufacturers - February 2001

Figure 9.24 Cost examples (U.S. $) of data storage media and drives

The 2000-2001 figures of the media prices in Figure 9.24 are purchasing prices in thousands
or tens of thousands quantity. Such prices can represent a 20 to 40% (or even more)
reduction compared to the unit list price. The 1996 figures come from an INA Research
report on "Digital Mass Storage technologies and products". The two most significant
columns concern the "Media cost per GB" and the related "Media cost per GB comparison
ratio", with the Digital Betacam taken as the reference.
One can notice that:
The overall gap between hard disks price and magnetic tape (helical scan) has been strongly
narrowed. It has been divided by 3 between 1996 and 2000-2001. This reflects a strong price
decrease, especially of magnetic hard disks and optical disks.
The media price of some technologies has come very close:
• CD-R optical disk and DLT IV magnetic tape (linear)
• LTO/Ultrium or Super DLT linear, and DTF-2 helical scan magnetic tapes, but with a
20 % difference
Figure 54 to Figure 56 represent the media cost to store 1 hour of digital video, using
different technologies and products, and with different bit-rate reduction ratios.
•
•

Currently the media cost of the Digital Betacam, which can be considered for archiving in
a digital video format, looks still very attractive compared to other magnetic tapes
formats.
The cost of the magnetic disk remains very high, in spite of a reduction by a factor of
6 between 1996 and 2000-2001. That implies that the use of a jukebox with DVD-Rs for
storing an MPEG-1 viewing copy looks very much more competitive than the use of
magnetic disks (18:1 price ratio).

Taking into account:
• Purchase price of Super DLT and LTO/Ultrium drives and media
• Reliability and the low Operations & Maintenance cost compared to the helical scan
magnetic tape technology (Ÿ Figure 58)
• Compatibility of DTL tapes record playback on some Super DLT drives
• Performances evolution (Figure 48 to Figure 52)
• Diversity of media and drives manufacturers
The adoption of one of these formats for archive or exploitation copies should be seriously
considered.
Storage capacity required for 1
hour of video programme

74.52 GB

37.26 GB

22.5 GB

Standard

4:2:2 Studio

Digi. BETA.

Video bit-rate

166 Mbit/s

83 Mbit/s

Digital Betacam

9 GB

3.6 GB

0.45 GB

MPEG-2 422P@ML

MPEG-2
MP@ML

MPEG-1

50 Mbit/s

20 Mbit/s

8 Mbit/s

1 Mbit/s

18.6

DTF-2

74.5

37.2

22.5

9

3.6

0.45

LTO / Ultrium

95

47.7

28.8

11.5

4.6

0.57

Super DLT

86.7

43.8

26

10

4

0.52

34

13.5

5.4

0.67

12.6

1.57

234

29

DLT IV
DVD-R
CD-R

0,67

Hard disks

4844

2422

1462

585

Source: INA Recherche & Experimentation - February 2001.
Figure 9.25 Storage media cost (U.S. $) for 1 hour of recorded digital video
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Figure 9.26 Storage media cost (U.S. $) for 1 hour of stored digital video vs. bit-rate
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Source: INA Recherche & Experimentation - February 2001
Figure 9.27 Hard disk cost (U.S. $) for 1 hour of stored digital video vs. bit-rate

Life cycle cost components of a storage system
To estimate the life cycle costs of a storage system, the components to be measured are:
• The hardware purchase price, plus upgrades
• The software purchase price, plus upgrades
• The cost of operations and maintenance (O&M)
Especially, since helical scan recorders are spinning the heads at high speeds, the
replacement of the heads, and the scanner assembly is a recurring activity that varies with
the media and with the operating conditions of the deck
• The cost of the media
• The cost of the media is not simply the purchase price, but rather the cumulative cost
over time. It also includes replacing a tape cartridge or disk because it has been worn out
with repeated accesses.
• The cost of acquiring data
• The cost of archiving
• The cost of migrating data
With storage over greater periods of time and increased access cycles, transcribing data
because the tape cartridge or disk caddy is worn out must also be planned for. Transcribing
the data stored into a new format and onto a new media must also be taken into account.
The transcription cost includes all of the support software and hardware one must have to
playback the data and copy it.
• Other costs

For an example of how to calculate the life cycle costs of a storage system

9.5.5

Example of a helical scan data tape recorder life cycle costs

Figure 9.28 is an example of what the 5-year life cycle costs are for a single data tape
recorder Sony DIR-1000, both recurring and non-recurring. The 1996 purchase price of a
DIR-1000, a high-performance 256 Mbit/s helical scan data recorder, was approximately
250,000 $. The graph is a summation of costs the U.S. National Media Laboratory had to
bear while performing tape testing using a Sony DIR-1000. This is a best case scenario for
using the deck for 3000 hours over a 1-year period. The recurring costs (O&M: 59,983 $ Media: ~ 50,000 $ - Facilities: ~25,000 $) are shown compounded each year, and the nonrecurring costs (21,519 $) carried forward. From the chart it is easy to see how quickly the
recurring costs eclipse the "purchase price".
1.000,000
900,000
800,000
700,000
600,000
500,000
400,000
300,000
200,000
100,000
Year 1

Year 2

Purchase price Recurring O&M

Year 3

Year 4

Non-recurring O&M

Media

Year 5
Facilitie

Source: National Media Laboratory - Larry Ptasienski - 1996
Figure 9.28 Life cycle costs (U.S. $) of the helical scan data tape recorder Sony DIR-1000

Pros and cons related to those systems
This section lists the pros and cons of storage formats considering the archivist application. It
focuses on an archive copy system.
First, a few global considerations:
• This document deals with storage systems that come from the Information Technology
(IT) world.
• It is worth noticing that these systems are dedicated to storing raw data and they usually
have no video-specific features. Originally, they were not built for the video archivist
requirements; as a consequence, one must take care in considering their usage as many
features that are considered as obvious to video-dedicated systems are not present in IT
storage systems.

More specifically, IT mass storage systems were originally built with two main applications in
mind:
• Data backup
• Data archives
The first application consists in providing a duplicate copy of data that is in current usage for
backup purposes. This copy is usually not used except when the original copy has been lost
or damaged because of a human mistake or because of hardware/software failure. Archives
are made for the company data that is too old to be used in everyday processes. The data is
usually not kept as a patrimonial heritage; it is stored for exceptional needs.
After these global issues, the following table lists the main pros and cons of data storage
systems:
Pros of data storage systems

Cons of data storage systems

Improvement of the access to the content

Foreseen compression cascading problems with many
compression systems used
Potential file format problems
Important system complexity increase
Data security is a more complex issue (price vs security
is not a linear relationship because of respective market
sizes)
System reliability is a more complex issue

Potential automatic migrations
Potential no-data-loss policy (at what price?)
A lot of potential process flexibility improvement

Potential lower media and warehouse cost with the use
of the most suitable compression for each application
Natural link to networks
Optimisation of each technology used (HSM)

Long-term availability is a more complex issue
Total cost of ownership figures are missing
No native viewing capability
Native mass storage IT systems are not dedicated to
continuous media access
Libraries do not consider the cartridge as a transport
medium

Figure 9.29 Pros and Cons of data storage systems

Data formats
Data formats are a very important issue, as they can raise practical access problems to the
programme. This question is to be considered on top of the tape/drive format issue.
Four interesting options can be considered today: MPEG, MXF, AAF, and QuickTime.
MPEG is rather a stream format than a file format; it can still be considered as a very
straightforward file format for storage of MPEG video. Complementary wrappers are not
recommended when they can be avoided, as they would only make the access to the video a
more complex issue.
AAF is a standard managed by a consortium of manufacturers/members, including AVID, the
BBC, Microsoft, Sony, Pinnacle, Quantel. It originally aims to be an interchange format
between authoring tools.
The QuickTime (Apple) option allows the storage of video data in many formats from
“Internet quality” up to uncompressed 4:2:2 video. It is all the more interesting as it is in wide
use today.

The MXF solution is coming soon: the Pro-MPEG forum is building an international format
that aims at video exchange between equipment in the professional video environment. Its
interest for the archive will depend on its actual use by users and manufacturers.

Exchange formats
Exchange formats are described and listed in the metadata part of this document. It is
interesting here to point out that for archivists, exchange formats are very important for
migration.
Migration is a set of organised tasks designed to achieve the periodic transfer of digital
materials from one hardware software configuration to another or from one generation of
computers to another.
The purpose is to retain ability to display retrieve manipulation the face of constantly evolving
technology.
Migration includes refreshing as a means of digital preservation but differs from it in a sense
that it is not always possible to make an exact digital copy or replica of any information.

Recommendations
A few recommendations are proposed below, based on the expertise above:
• As data storage systems involve software and hardware, they are relatively complex and
costly. As a consequence, video storage options (VTRs) may still be considered,
particularly for archive copies and when access time is not the prime consideration.
• Consider the total cost of ownership of a storage IT system, including its maintenance,
data security, the adaptation to the video needs (playback, navigation in a programme,
timecode, etc.)
• Many data tape formats may not be supported in the long-term; as a consequence,
consider an investment in a mixed media library rather than a proprietary one, and study
the availability of migration with your library.
• Check the commercial viability of the library manufacturer in any case as this is an
important investment and its use can be spread over years.
• Linear data recorders have made significant performance progresses and they can be
now considered as viable options for professional video. Check how LTO/SDLT run in the
marketplace in the medium term; the winner(s) should be more cost-effective than the
helical-scan solutions, considering Total Cost of Ownership.
• -In relation with storage considerations beware of compression rate for archive (longterm) copies:
• Storage costs are always going down; this may allow higher data rates in the future (this
process is found for audio storage options today); as a consequence, archivists should
be very cautious if considering bit-rate reduction (BRR) ratios.
• Remember that compression is a no-way-back policy in terms of image quality and ability
to support future restoration and other processes. For an archivist, this may lead to
financial income loss in the medium and long-term when future viewing quality needs and
associated technical capabilities get higher (High-Definition equipment is becoming more
and more cost-effective).
• Paradoxically, when the original copy is in low quality, it requires more bit-rate as the
compression will be less effective.

10 Management of video archives preservation
10.1 INA preservation process
Basic workflow
The current workflow for preservation is a 4-phase process:
• A preparation phase
• A digitisation and recording phase
• A quality control phase
• An update phase of archives
The following diagram represents the different steps of the preservation workflow.

10.1.1 Workflow phase 1: Preparation
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Figure 10.1 INA preservation workflow - 1. Preparation

Objectives of phase 1
The objective of this phase is to deliver to the technical chain (internal or subcontractor)
useful information to the transfer operation. From reading the bar code on the physical

media, the operator is able to access the descriptive files of contents and media from on a
database named “BASE DE SAUVEGARDE”

Referencing programmes to digitise
There are still numerous programmes in archives whose documentation is on paper only
(they are not documented in the legacy system). For these programmes, a minimal set of
information about content is captured in the descriptive database. Other programmes are
already documented and do not require this step. Then the media are linked to contents
(number of physical media linked with content identification). The media are labelled and bar
coded.

Preparation of order
Data about the media fill a specific database for preservation process, named
“SAUVEGARDE”, able to extract automatically data from the media database. The
description of the job to do and the projected cost are added into this database. A job order is
then edited.

Preparation of physical media
This step gathers:
• The retrieval of the media from the stores
• Usually, INA works with several subcontractors. In this step, items are gathered in sets in
order to be send to each subcontractor
• Cleaning the media. An evaluation of the physical status of the media is done (damaged
edges, folded tapes)
• Edition of an output bulletin
• Currently, the cleaning of tapes is systematic. It is made either before the sets of tapes to
transfer are composed or just before the transfer

Transport organisation
•
•

Sets of media are conditioned for a safe transport.
Each subcontractor must organise the transport of its own sets from INA to its facilities.
Transport costs are integrated in the global cost of its services

10.1.2
10.1.3 Workflow phase 2: Digitisation and recording
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Figure 10.2 INA preservation workflow - 2. Digitisation and recording

Objectives
This technical chain should:
• Allow the fastest transfer at the best possible quality
• Have a minimum of failing transfer
• Loose a minimum of time on failing transfers
• Input the media in the transfer chain
• Organise the reception of sets
• As soon as the media arrives in the facility, the subcontractor delivers an
acknowledgement receipt

Currently, information is delivered to the subcontractor on paper sheets. In a near future,
subcontractors will have a direct access to the “SAUVEGARDE” database just by reading the
bar code on the media.

Preparing playback
Currently, before playback for transfer, an operator checks:
• If playback at the beginning of the tape is OK
• The tracking and the RF level
• If reference signals (bars and audio tone) are present, he checks and sets the playback
levels. If they are not present, he checks the video and audio levels at the beginning of
the programme
• Specific set-ups (channel equalisation for segmented formats, skew….)
• The audio track allocation and switches the good channel to transfer
• The presence (or not) of timecode or any time reference the “horloge parlante” (on 3/4inch tapes)
• The beginning of recording and winds the tape to detect the end of the recording (this
gives to the operator the exact duration)
• That the content is the right one and corresponds to the description given in the database
for this item
• The tape is rewound fully
• This step may last 5 to 10 minutes per tape and is performed on the VTR that will play
the tape

Playback / digitisation
•
•
•
•
•
•

•

•
•
•
•

During playback and digitisation, the operator makes a first level of quality control:
Currently, he notes manually, on the fly, the major artifacts or impairments he meets on
the analogue playback and monitors the bit error-rate of the Digital Betacam drive.
He completes the technical file: all information gathered during the transfer is noted and
will update the technical information file (.tech).
He takes decisions about the transfer: according the nature and importance of
impairments, the operator can decide to continue or to stop the transfer. If it is the case,
the programme will be processed later in an expert chain.
Recording
Digital video and audio from 16-mm film, from 2-inch or 1-inch B and C tapes, are first
transferred onto Digital Betacam. Then the Digital Betacam is converted into MPEG-2 (8
Mbit/s) files for exploitation, and into MPEG-1 (1 Mbit/s) files, which are transferred onto
DTF-1 tapes at the subcontractors premises, or onto DTF-2 tapes at INA premises.
-Digital video and audio from 3/4-inch tapes will be directly encoded in a very near future
simultaneously into MPEG-2 (8 Mbit/s) for preservation and exploitation, and into MPEG1 (1 Mbit/s) for browsing and off-line usage. Recording will be made on DTF-1 or DTF-2.
MPEG-1 and MPEG-2 are synchronous and frame accurate (same picture with the same
timecode).
A catalogue file (.cat) and a printing file for labels (.imp) are added to the MPEG files on
DTF tapes.
Thumbnail pictures are produced.
Currently, recordings on DTF-1 are not controlled at this stage.
New recordings are labelled and bar coded. A paper data sheet is edited.

10.1.4 Workflow phase 3: Quality control
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Figure 10.3 INA preservation workflow - 3. Quality control

Objectives
Currently, quality control occurs after transfer. Its objectives are to detect if the job meets the
quality requirements chart edited by INA, and if there is no deviation in quality. Currently the
quality control process is a manual one.
•
•
•
•
•
•

All Digital Betacam recordings are currently checked and monitored during transfer to
MPEG-2 and MPEG-1 files (four transfer chains can be checked at the same time by one
operator).
Continuous control of new recording is also performed (MPEG-2 and MPEG-1)
During quality control the programme is viewed and listened to: if there are problems a
comparison with the original quality may be required
During this process, a return to the original should be possible in order to verify if there is
not too much degradation.
Conformance between preservation master and exploitation versions is verified (all
versions should have the same reference timecode)
A quality data sheet is then edited

10.1.5 Workflow phase 4: Updating archives
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Figure 10.4 INA preservation workflow - 4. Updating

Objectives
Once transfers and quality control are performed, old material and new media are sent back
to the Archive Centre.

Old media management
Decisions are taken about old media.Currently, old media return to their original place on the
shelves. Other decisions may occur: destruction of the originals, storage in another cheaper
location.

New media management
•
•
•
•
•
•
•
•

Updating legacy system with new media occurs in this step
New media are referenced in the media database and linked to the descriptive database
Erroneous data in the databases are corrected. Currently, this step is performed
manually
Updating databases with data coming from quality control
Complementary data are input in the technical database
Thumbnail pictures are input in the database for exploitation.
At INA premises, Digital Betacam recordings, are compressed into MPEG-2 and MPEG1 and stored in a mass storage system based on DTF-2 tapes.
Programmes already on DTF-1 are backed up in the DTF-2 library.Then the Digital
Betacam tapes are sent back to the stores.

Principles of the INA SNC system (Sauvegarde, Numerisation, Communication)
Transfer facilities
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Figure 10.5 INA preservation system architecture

2-inch, 1-inch B and C are transferred onto Digital Betacam.
Digital Betacam are compressed in synchronised MPEG-2 and MPEG-1 streams with
same timecode and then automatically transferred onto DTF-2. Digital Betacam are
played in Flexicarts video tape libraries. Playlists for Flexicarts are prepared on
preparation stations.
MPEG-1 is stored onto a disk sever for immediate access through an indoor network by
browsing stations
MPEG-2 is stored via a disk server and HSM onto DTF-2 MPEG-2 is accessible via
network by decoding stations for delivery. Video output can be distributed or a video copy
can be made.
3/4-inch tapes are supposed to be directly digitised into MPEG-1and 2 but for failing
transfers a Digital Betacam is made, edited and then transferred.
Currently subcontractors make Digital Betacam transfers to DTF-1 (MPEG-2 and MPEG1 on the same medium).
An automatic system (under development, not mentioned in the diagram) will transfer
DTF-1 to DTF-2.
A manual quality control (not mentioned in the diagram) is currently performed on Digital
Betacam and on DTF-1 coming from subcontractors.

10.2 e-vod automatic digitisation and multilevel encoding system
for broadcast tapes
10.2.1 Architecture and process

Source: e-vod
Figure 10.6 e-vod automatic digitisation and multilevel encoding system

Process description
•
•
•
•
•
•
•
•

Tapes are logged (with an optional import of metadata from the catalogue’s owner
database) and bar coded if necessary
The automated digitisation list is created
The tapes are inserted into the library
Execution of the digitisation list: multi-level encoding of each asset, digital files are
directly saved on the SAN
Software compression of DV files for Internet formats generation
Manual Quality Control: size checking and browsing of the beginning and the end of each
file
Validation of digital files and database update
Automatic archiving

Hardware and software used
Description of the main hardware and software pieces used in this installation, with a
functional description. For each part, listing of other products that can provide equivalent
functionality.

Alternative for Internet formats generation
Presentation of the installation with real-time Internet formats compression option.
Problems specific to archives preservation
Sources Automation: the lack of timecode yields to the use of CTL for automation, automatic
tracking must be applied (pre-set or dynamic), automatic segments detection would be
useful.
Automatic pre-processing: it is usually not necessary for broadcast tapes, except for audio to
enhance the quality of digitised audio, but it is essential for television archives: TBC, soundcompressors, timecode insertion (absolute timecode or external reference as time of first
broadcast).
Quality control is usually very light for broadcast tapes (human control of the beginning and
the end of each digitised file), but is essential for television archives. It concerns the
automatic reject of faulty tapes, the fastening of manual quality controls by generating an “asrun” log where defaults and their timecode are given, and the generation of metadata (lack of
audio, drops…).

10.2.2 Elements of costs of an automated digitisation suite
Hereafter, is the list of items and associated costs for a basic automated multilevel
digitisation suite with manual quality control (monitoring checking is done at the beginning
and at the end of the digitised segment).
The capacity: if the input Digital Betacam tapes are of a good quality and of an average
duration of at least, 30 min per segment, about 500 hours of multilevel encoding per month
and then roughly 6000 hours per year are processed.
Productivity varies according to the quality of the input (then the percentage of rejected files)
and moreover according to:
• The duration of the segment to be digitised: 30 sec clips require as much time of
preparation as one hour segment; in such a case, digitisation requires at least that the
segments are compiled on one support as much as possible
• The status of the metadata: they can be imported from an external database at the right
format or manually typed.

Description

Price/unit

Number of
units

Invest amount

Robotics Betacam / VHS

6 VTR capacity, 200
tapes

300

1,0

300

VTR Betacam SP

Player

120

0,0

0

VTR Digital Betacam compatible

Player

237

2,0

474

VTR VHS

Player recorder

10

0,0

0

VTR other

3/4 inch BVU + TC gene

40

0,0

0

Equipment
1. Digitisation
1,1 Input

Total investment year y

774

1.2 Encoding
DV

PC + converter +
software

60

2,0

120

Real / Quick T / Win media

Encoder

40

6,0

240

MPEG-1 encoder

Encoder

100

1,0

100

MPEG-2 encoder

Encoder

150

2,0

300

MPEG-4 (see before/after y 2001)

Encoder

75

0,0

0

SAN

400 GB

133

1,0

133

200

1,0

Switch, TC generator, converters...
Total investment year y

200
1093

1.3 Control
Automation software

Licence + specific+
controler

750

1,0

750

Quality Control Station (manual)

PC + card+ software

40

1,0

40

Monitoring

Monitors

3

3,0

8

30

1,0

30

Network
Total investment year y

828

Total 1. investment year y in kFF

2695

Total 1. investment year y in keuros

411

2. Storage near on-line
Archiving library

4 drives, 300 DLT

1000

1,0

1000

Archiving software (basic)

Licence

250

1,0

250

Archiving software (specific)

Integration

150

1,0

0

Archiving station

Workstation

50

1,0

50

Total 2. investment year y in kKFF

1300

Total 2. investment year y in keuros

198

Total 1+2 investment year y in keuros

609

Source: e-vod
Figure 10.7 e-vod system costs

10.2.3 Needed extension
In terms of automation: more automation is required for quality control: the device to be
incorporated into the process and the software module to be developed might be evaluated
at 50 K euros maximum. Automation of watermarking insertion is also required and this can
be evaluated at the same level of price
In terms of capacity: the number of VTRs, coders, SAN hard disk extension and workstations
(according to the number of new operators) need to be doubled in order to produce 500 more
hours per month. Productivity gains (equipment and operators) can of course tend to lessen
this extension. In a second step more robotics will be required when input and archiving
capacities will become saturated.

10.2.4 Operational costs
•
•

500 hours: 1 operator with a basic qualification at full time is needed (which is in reality
1,25) plus a part time supervisor awarded of general technical questions (standards,
relationships with manufacturers and software developers, maintenance contracts etc.).
500 more hours require one more (1,25) operator.

Evaluation of the cost of the digitisation of one hour of programme:
With 4 levels of quality15 the cost (not the price) of digitisation only16 is, on a basis of a suite
fully loaded (output of 500 hours per month and 6000 hours per year) about 50 euros, all
direct costs (fixed and variable) included. These prices vary according to the all remarks
made above and their consequence on productivity.

10.2.5 e-vod’s experience about digital distribution processes.
Broadcast quality applications
Encoding and storage for application services requiring this level of quality on an on demand
basis are listed hereafter, from the more matured up to the most prospective ones:
• Betacam tape to be delivered to a buyer of rights for TV or video publishing after the
transaction has been completed. This is still, for the moment, the main way of delivering
video on demand at this level of quality. The interest in such a case is the automated
recording from the stored file (and not from tape, which is a heavier and more expensive
procedure). Moreover the original master is stored and is not requested anymore for
copies.
• Video file for DVD output: either for DVD publishing or for other professional usage
(compilation of short programmes or extracts for a catalogue overview).
• Collective delivery by network (satellite) for collective usage on screens up to 4m base,
especially if the output is coupled with an upconverter: a number of projects requiring
broadcast quality files at 8 Mbit/s are under development.
• Delivery by network on a one to one basis at this level of quality is not matured for the
moment, e.g., purchase and sale of rights final delivery. It requires satellite with cheap
bandwidth (then non current satellite); moreover, TV stations use MPEG rates that can
vary from the original.
All these delivery systems require automated copying process and control of the recorder
(with necessary tools like CD/DVD mastering software) or of the remote terminal to be
loaded (remote control managing software).
15
16

50 kbit/s, 300 kbit/s, MPEG-1 at 1,5 Mbit/s and MPEG-2 at 8 Mbit/s
Without storage costs, because near-line storage at 8 Mbit/s for broadcast quality storage needs to be
discussed

10.2.6 Browsing quality applications
On-demand media (VHS, CD or DVD) for browsing or screening, with compilation option:
• Professional copies for programmes browsing in the case of buy and sale of rights.
• Corporate usage (training, product information, promos) and institutional usage (in
schools, libraries, cultural and social centres).
• Copies of non-published video programmes for consumer.
• Video servers for internal distribution: corporate usage (like advertisement clips storage),
institutional usage in schools, libraries, cultural and social centres).

10.2.7 Internet quality applications
This is the segment of market for which true video on demand (one to one with immediate
delivery by network) is expected to be massive, either for professional, corporate/institutional
or consumer services.
Browsing or screening on a PC: whereas VHS-like quality and full-screen are required for TV
display, a “good” quarter-screen quality appears to be the right compromise between network
bandwidth current developments (ADSL and others at 500 kbit/s) and viewer requirements,
which on a physiological point of view do not require a bigger size of screen at such a
distance.
Moreover, the possibility to add peripheral information to the picture and to click on it, define
new ergonomics unanimously described as promising (“Rich Media”). Then, all the browsing
applications that have been mentioned previously are of course to be mentioned here again.

10.2.8 Professional
Screening for purchase and sale of rights (for integral programmes) with adapted interface
and prospects/clients information system are to be provided. This segment is matured,
especially for all non fiction programmes: main buyers have the appropriate bandwidth
(500 kbit/s or more); it is important to start on this segment because this is where the
valuable programmes that can afford on-line screening are. Once they are technically on-line
these programmes should be available (if rights have been cleared off) to other segments of
market.
The purchase and sale of extracts rights, for archiving departments of public broadcasters
are certainly promising business applications due to the duration of extracts and, very often,
the need of an immediate response from the seller, provided that the tools for consultation
and efficient retrieval, delivery and billing are available.

10.2.9 Corporate and institutions
•

•
•

Experience shows that the main market for TV and video programmes for institutions is
certainly the "learner" market rather than the "teacher" market using such programmes in
the class room in order to illustrate his course. Then the quarter-screen as part of a rich
media application is well adapted, provided that the applications are developed. A TV or
a video programme alone without any didactic tool is generally inadequate.
Corporate: corporate users (training, product information, promos) require specific
applications as do institutions.
Consumer: the main constraints today are the development on a wide scale of the
500 kbit/s distribution and the availability of rights for this segment of market and for
programmes, which are valuable and adapted to the type of usage. Mainly, programmes
such as every day life programmes (travel etc.), educational programmes and cinema

(except non current films) appearing to be more adapted to the TV screen, require a
wider bandwidth.

10.2.10 Security issues
This is a key issue, especially regarding the possibility for the consumer to access to
valuable content.
On other market segments it is important as well, for instance on the segment of purchase
and sale of rights. But it is not so acute, because this community is very narrow (a few
10,000s people in the world) and very much awarded of rights property regulations.
Encryption: DVB and computer based systems:
Regarding distribution of an MPEG stream by satellite or cable network with DVB standard it
appeared that encryption and access control systems developed by main operators are not
adapted, in terms of cost and, subsequently, pricing, to narrow markets like VOD for
institutions or corporations.
Other types of encryption solutions had to be identified or developed like software
encryption:. Parameters of the MPEG files to be delivered are modified so that the file is
unreadable and reconstructed by the terminal after delivery of the file (this requires that the
terminal is remotely controlled by the service operator).
Although this type of encryption shows limitations compared to main encryption devices and
can be relatively easily cracked down by MPEG specialists, it is far from being inefficient.
In the world of encryption the value of the programme to be protected is the main parameter
to consider. If the programme is highly valuable, this type of software encryption is not
adapted, but for programmes of lower value the cost of piracy (i.e. the price to pay for MPEG
specialists to identify the encryption) might be dissuasive.
Ultimately it appeared that with such a device for low value programmes, the initial goal
could be reached: protection that was dissuasive enough and at an adequate price.

10.2.11 Streaming and protected download
Streaming is basically a protective way of delivering video and is very well perceived by
rights owners but this requires a permanent bandwidth, the data rate of which must be
adequate to the date rate of the video flow. That’s why, even if streaming is a very promising
way for delivering video, downloading can’t be ignored.
Protected downloading, is of course the answer to non-dissemination of downloaded video
files. But solutions (QuickTime or Windows Media), which are based on the necessity of online re-authorisations for file reading or date limitations, need to be assessed in details. As far
as downloading has been done, the file is accessible and the protected device can be
identified and by-passed.
Somehow, the situation here is the same as for encryption: is the downloaded file enough
valuable to find out how the protection can be removed at a cost corresponding to the value
of the file.

10.2.12 Watermarking
Watermarking is a mean to easily trace the programmes, in order to identify where it comes
from and then to be able to act against any piracy with more solid proofs. This is achieved by
integrating into the video file an identifier describing the property rights and the delivery chain
of the programme. In case of copy of the original file (any digital copy but also VHS) the
invisible identifier can be reconstructed.

Today:
• This technique can be applied to any 4:2:2 and, in a second step, to MPEG-2 files.
• It is possible to do static watermarking in a 4:2:2 flow before MPEG-2 encoding (in realtime with a hardware device) or, in a second step, to do it after (in non real-time with
software). In the second case, the elements of watermarking are inserted according to
the better space available in the MPEG-2 file; this is theoretically a better solution for
quality preservation of the MPEG file. On the other hand, the advantage is real-time
watermarking in the process chain with the possibility to adapt its depth in order to limit
artifacts. Operational solutions – and, previously, the comparison of those 2 solutions in
an automated process - have not yet been implemented.
• Main fields of work for the future are:
• Dynamic watermarking (integration of informations when the file is delivered)
• MPEG-4 watermarking, which should be a key point in the future development of
consumer VOD

10.3 Quality control over video preservation process
A very important aspect in a mass digitisation program like the one possibly involved in
PRESTO is that of continuously monitoring the quality of the signal transfer along all links of
the chain. A first source of quality impairments is the tape itself, where the recorded signal
can be of insufficient quality for proper rendition of the audio/video signal (e.g. drop-outs). A
second source of problems is the playback machine itself (e.g. head clogging).
From the point of view of global quality monitoring of archive assets17 the quality of the
recorded material should also be monitored. This is particularly important from an
economical perspective emphasising the use of archived material in new productions. For
instance, the recorded material can be of poor quality, e.g. including recorded drop-outs or
noisy images. This kind of quality impairment can not be detected through the direct analysis
of electrical signals coming from the VTR and must be quantised by an analysis of the
images themselves relying on digital signal processing techniques. These techniques can
also be used to detect picture quality impairments, which are not recorded, but due to the
playback of the current tape. In this case there are alternatives such as the one currently
used at RAI where modified U-Matic drives are able to deliver information on the quality of
the electrical signals at the head levels.
What follows is an overview of digital signal processing techniques that have been developed
in the last few years and are considered to be relevant to the PRESTO Project. Some of
these techniques have been developed for the restoration of video material. However in
many cases, proper restoration can only be achieved after the source of the problem has
been detected, which would provide the necessary quality information for the typical
analogue-to-digital transfer chain as foreseen in PRESTO.
Two projects recently funded by the European Community should be mentioned: AC072:
AURORA - Automated Restoration of Film and Video Archives, and IST-1999-11628
BRAVA, Broadcast Restoration of Archives through Video Analysis.
The objective of AURORA was the development of a fast and effective video restoration
system with the following characteristics:
• Real-time detection of impairments and estimation of quality level
• Restoration in real-time with control of level of correction by the use
• Interactive restoration tools for high quality restoration of badly damaged materials
Besides producing several relevant papers, the research done within AURORA has
originated some new products from Snell & Wilcox (http://www.snellwilcox.com), which can
provide valuable help in improving the quality of playback (increased stabilisation and
reduced flickering of signal). The BRAVA project aims at developing further the results of the
AURORA project, to ensure the widest possible access to valuable archive material by
significantly enhancing the efficiency of the video and film programme restoration process
and preparing the restored material for dissemination via multiresolution digital video
broadcasting standards. BRAVA is expected to progress in the automation and efficiency of
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the restoration process, extending coverage of the wide range of common defects, improving
quality of the results, and including HD video processing.
Impairments found in film and video sequences are numerous. One of the results of the
AURORA project was a list of over 150 defects qualified by their frequency. The most
important were noise, blotches, line scratches, film unsteadiness and intensity flicker. These
findings are somehow biased to film management and for PRESTO other relevant defects
come from the video tape domain (e.g. drop-out, head clogging, recorded saturation).
The following description is organised into subsections, each of them covering a single
defect. A section providing some pointers to recent relevant literature is also included.

10.3.1 Noise detection
There are two major categories of noise affecting video material: random noise and impulse
noise.
Among the source of random noise we find:
• Residual noise and grain, archival or generational
• Contrast film dirt and scratch noise, horizontal or vertical
• Film grain
• FM sparkle
• Cross colour from composite decoders
• Among the sources of impulse noise we may cite:
• Tape drop-outs
• Satellite glitches
• Analogue clamping errors
• Bit errors in digital transmission
Generally speaking, random noise can not be completely removed (even if its presence is
detected) but only attenuated, often at the expense of overall picture sharpness, while
impulse noise can be removed by acting on the pictures in a "surgical" way, after detection of
the corresponding artifacts. When reaching high levels, noise may have a major impact on
the continuity of the video stream (e.g. mis-synchronisation resulting in wild picture
movement) making the material useless for new productions.
The problem in noise estimation is to measure deviation in intensity from an ideal image that
may contain structure. An early overview providing a comparison of six different methods to
estimate noise in images is provided in the work of S. I. Olsen18. The methods proposed fall
in two broad categories: those that filter the image suppressing image structure and then
compute the standard deviation of noise and those that compute the amount of noise from
the variance of image values in a set of image regions initially classified as showing little
structure.
Another class of noise estimation/reduction techniques that recently received much attention
is that of coring. This technique consists of transforming a signal into a frequency domain
and reducing the transform coefficients by the coring function. Each frequency component of
an observed signal is adjusted to the coring function19. The approach is particularly effective
when applied to wavelet transforms that are able to decouple noise and signal at the different
18
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resolutions adapting to the local characteristics of images. Several coring (thresholding)
functions have been used and investigated in the literature and some recent result provide
new insight on different approaches to the choice of the coring functions with emphasis on
the robustness of the choice with incomplete knowledge of the distribution of noise. Let us
just notice that in the case of multiplicative noise, by taking the logarithm of the image noise
becomes additive while for non-uniform additive noise estimates can be computed locally in
the image, providing different coring functions in different image regions. The inverse
transform of the cored coefficients gives the noise-reduced image. The wavelet transform
can also be successfully extended to three dimensions taking into account the true spatiotemporal nature of the video signal. Coring techniques are even more effective in this
extended framework. The use of temporal information is also the base of Temporal
Recursive Filtering that uses motion estimation to classify pixels into motion, no motion and
noise20.
Another interesting approach to image restoration (and indirectly to noise estimation) is the
use of soft morphological filters. They are a class of non-linear operations that are related to
the class of (standard) morphological operations. Whereas the latter are based on local
maximum and minimum operations, the former are based on more general weighted order
statistics. This makes the operations behave less rigidly in noisy conditions. A solution to the
construction of optimal soft morphological filters for noise reduction in images has been
presented in21 two variants: one requiring a training set and the other one that relies on a
quality appraiser22. The latter is particularly interesting as the approach can also be used to
provide an estimation of image quality without relying on a reference good image.

10.3.2 Drop-out detection
A drop-out is a brief signal loss caused by a head clog, defect in the tape, debris, or other
feature that causes an increase in the head-to-tape spacing. Missing magnetic material can
also cause a drop-out. A video drop-out generally appears as a spot or streak on the video
monitor.
Automatic detection of drop-outs is important as the frequent appearance of drop-outs on
playback is an indication that the tape or recorder is contaminated with debris and/or that the
tape binder is deteriorating. Detection of recorded drop-outs is also important, as too high a
level of drop-outs several reduces the possibility of reusing the material due to its poor visual
quality.
The specific appearance of a drop-out depends on the kind of tape used and several
detection algorithms can be developed. An interesting framework recently introduced for the
detection (and correction) of drop-outs and other kinds of replacement noise is that of
Bayesian Methods with a Markov chain Monte Carlo (MCMC) approach23. This approach
provides the numerical analysis necessary to replace the analytic methods available for
linear signals with Gaussian contamination.
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10.3.3 Scratch detection
Video tapes may be mechanically damaged by tape guides, which cause continuous linear
scratches along the tape's length. In the case of helical scan tapes24, the head sweeps over
the scratch periodically generating a sequence of blips at intervals. When the head hits the
scratch it causes a loss of signal, which results in a bright flash. The scratch disturbs the
head and it takes a little time to settle, causing a comet-like tail afterwards. The physical
location of the defect on the pictures moves if a TBC is used, while if TBC is not used the
defects are more or less stable with the video moving. The net result is that the position of
the defects is different in each frame. More generally tape scratches result in three different
artifacts: dark horizontal scratches of short length, bright spots and long, bright horizontal
lines. Specific template matching techniques can be used to detect these kinds of defects
and several techniques can be used to restore the images at the corresponding locations.
The use of simple template matching techniques is however prone to considering real image
details as possible defects. A more refined approach to the detection of scratch originated
defects on video tapes is presented in.
Automatic detection25 is achieved using a rank order model-based approach that relies on the
EM algorithm. Detection is further improved by exploiting the know periodicity of degradation
artifacts. Video tapes originated during a TELECINE process may also contain line scratches
due to the original film. These scratches are vertical and can be detected (and restored)
using a Bayesian approach as demonstrated in the paper26.
The following is a brief description of a system providing easy human supervision of several
video streams by a human operator. It is followed by the description of a system providing
restoration capabilities and format manipulation.
Miranda
http://www.miranda.com

Kaleido-QC.
It is a visual monitoring and control system, designed to allow operators and technicians to
manage a large number of incoming feeds and other signal sources, by combining all
functions commonly required to perform these tasks onto a single user interface. Kaleido is
capable of displaying up to 16 analogue, digital video or computer signals. Each window can
be configured for 4:3 or 16:9 aspect ratios and can be independently sized and positioned.
Each window can be configured to include dual tally displays and source identification. Audio
options allow monitoring of up to 16 analogue stereo audio signals using on-screen level
meters. The product provides monitoring features allowing audio and video alarms to be
reported on-screen and/or via GPI outputs. It includes timecode input and can display up to
16 analogue or digital clocks, each with configurable offset. Up to 200 preset layouts can be
configured.
Mathematical Technologies Inc.
http://www.pvpburbank.com/mti.htm

10.3.4 Intellideck
It is a self-contained computer-based system that provides resolution-independent
uncompressed video recording and image processing. Usable in a variety of applications, the
unit is geared toward HD TELECINE transfers. It provides a full range of aspect ratio and
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broadcast format conversion. A fully integrated Intellideck can provide noise/grain and
dirt/scratch removal processing, as well as an intelligent interface with colour correctors.
Through a selection of real-time automatic and non-real-time operator controllable filters,
Intellideck can address and correct a wide variety of film-related artifacts. It incorporates a
cadence editor to identify and repair 3:2 discrepancies. It can even be used to correct video
tape problems, such as drop-outs and banding. Intellideck supports a data streamer
transferring data to/from a standard D1 tape deck.

10.3.5 Digital artifacts
As detailed in other sections and deliverables, it is economically convenient to produce
multiple formats targeting different bandwidths and quality requirements during the
preservation phase of the archive. Apart from the case where lossless or no compression at
all is used, digital encoding of audio/visual data while providing great benefits is not by itself
absolutely trouble free. Whenever image compression is used, be it for increased distribution
on limited bandwidth channels or for reduced storage costs, digital artifacts may appear. It is
then necessary to constantly monitor the produced digital streams, checking that a constant
high quality encoding is actually delivered. In this situation sample checking is not
appropriate as troublesome artifacts may only appear for some specific content (e.g. high
action scenes). In order to evaluate the quality of the digital compressed streams, objective
image measures based on the characteristics of the Human Visual System are computed27.
These measures are then integrated into a single score that assesses the overall quality of
the monitored video.
The quality of the digital material is closely related to the quality of the incoming analogue
video streams. Compressed capture, storage, and transmission systems provide significant
benefits in bit efficiency by limiting high spatial frequencies and removing redundancy in the
image. However, if there is significant high frequency detail in the image the compressor will
be forced to severely quantise the image, often resulting in blockiness.
Noise appears as detail, and being uncorrelated, it is not seen as redundant. Consequently,
without noise reduction, the compressor is spending bits on coding noise instead of actual
image detail. These considerations are particularly important if upconversion will be needed
in the future life of the digitised material. If the source is noisy or degraded, the upconverter
will amplify the artifacts, generating unviewable pictures. An important observation is that the
presence of noise and other image impairments, by causing a deviation of the quality
measures at a given bandwidth from the expected values, provides hints on the quality of the
analogue playback of the video material.
There are now several products that can be used to assess the quality of a digital video
stream, with and without a reference signal. The following paragraphs introduce some of
these products providing the link to the producers Web page from which information was
derived.
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10.3.6 Digital video quality evaluation products
Tektronix
http://www.tektronix.com
PQM300 QoS Monitor.
This system provides digital and analogue inputs and is capable of detecting the following
picture impairments: MPEG blocking, repeated frames, and uncorrelated Gaussian noise. It
can monitor up to eight channels using multiple monitoring cards. The PQM300 automatically
monitors all of your programs in real-time, looking for picture defects you specify for each
program. For example, one might choose to monitor for noise on an analogue input to your
system while monitoring MPEG blocking and freeze frames on digital channels. A live graph
of the monitoring results for all of the selected defects is displayed in line graph or bar chart
formats. Monitoring results are displayed against either a 5-point quality scale or the
Tektronix Quality of Service (PDI) scale.

CCETT
http://www.ccett.fr/eng/index.htm

TOCADE is a tool allowing the automatic detection of image alterations linked to coding, in
real-time and without having to use a reference sequence. It carries out a statistical analysis
to detect false edges on the blocks generated by digital compression based on DCT. It
provides the following functions:
• Real-time restitution of the false block ratio.
• Instantaneous bit-rate.
• Detection of the absence of signal detection of picture freeze.
• Automatic or manual commutation of the analysis on different programmes.
• Detection of the filtering used before coding.
• Recording of the results of the quality analysis of the tested sequences in time stamped
data files.
TOCADE comes in two versions: TOCADE Manager, providing output on-line monitoring
after video-coding and decoding operations and monitoring of the distribution network, and
TOCADE Monitor, providing input on-line monitoring and output on-line monitoring.

Pixelmetrix
http://www.pixelmetrix.com

DVStation is a multiport, multilayer monitoring and impairment system designed specifically
for digital video network and transmission operators. DVStation can simultaneously connect
to several points along a transmission chain, displaying correlated results. Its Transport
Stream Processor detects protocol errors and measures statistics within the MPEG-2
Transport Stream. The QMM (Quality Monitor Module) is a Single-ended, Real-time
Picture/Audio Quality Monitor Module for the DV Station. It uses a patented algorithm to
provide a running visual indication of video picture quality. The system uses a single ended
architecture that eliminates the need for reference signal. Basic audio signal measurements
are also supported. Alarm threshold can be set on any of the following parameters:
• Video quality threshold
• Time duration for black-out
• Time duration of freeze
• Audio silence and peak level threshold
• Time duration for silence and over peak.
• Time duration for L-R phase mismatch
• L-R phase mismatch threshold

All impairments can be recorded in a log file with a time stamp. The joint use of the QMM
with the Transport Stream PID bandwidth analyser enables the correlation of bandwidth with
picture quality.

Intelvideo
http://www.intelvideo.com

Picture Quality Restorer Model VP1000.
The system takes analogue composite NTSC video signals and converts them to digital
signals. All processing is then performed on the digital signal. Every video pixel is analysed
and a differentiation between video information and noise or other disturbances is made
using multidimensional correlation techniques. Statistical characteristics of unwanted noise
and interference are used to determine their presence and to differentiate between video
moving details and noise. The VP1000 features separate controls for luminance and
Chrominance random noises, impulse noise and different type of drop-outs. This permits
process optimisation for a range of operating conditions.

10.3.7 Pre-compression Processor Model VP3000
This device is somehow similar to the VP3000 but presents some extended features. It can
compensate luminance high frequency losses; it permits correction of Chrominance level and
phase for restoration of colour levels and hue. An important advantage over the VP1000 is
the possibility of using a D2 digital serial signal (optional).

Rohde-Schwarz
http://www.rohde-schwarz.com/Homepage

Digital Video Quality Analyser DVQ
This device determines the quality of pictures based on the analysis of DCT-coded video
data in an MPEG2 data stream. It provides an additional SDI input for the evaluation of
decompressed video data. The system operates real-time and allows long-term recording,
monitoring and evaluation of picture quality. The intermediate values determined by video
data analysis are differentiated according to luminance and Chrominance. In a further
automatic processing step the quality values are assessed according to the subjective
masking effects produced by high temporal and/or spatial activities of the picture. The result
of the analysis is a quality level on a (single Stimulus Continuous Quality Evaluation SSCQE)
adapted to subjective picture evaluation. DVQ also provide a scanning mode to successively
analyse all programs embedded in an MPEG2 transport stream. DVQ also detects and
signals failures such as picture freeze, picture and audio loss (left and right separately) and
failure to reach a defined minimum picture quality.

11 Metadata & Public Access
Within the work on this chapter something became sure rather quickly – there are many
different meanings for metadata. The metadata meant in this chapter are additional
information to the material. This information is related to the description of the content.
Metadata are not meant as metadata attached to streams (e.g. key frames…). The so limited
metadata thus describe:
• What is it? – Identification
• Where is it? - location
• Can it be used in the way we want? - rights
• How much will it cost to use it? - financial
Currently in broadcasting, information is available as a set of records for each document, and
this information is stored "as usual" in a database. Often there are several distinct databases,
each one containing similar documents. Sometimes there are also "collection" records, which
group common information related to a range of documents of the same series.
So the main questions, which should be asked, are:
• Which metadata do broadcasters and their archive systems commonly use?
• How were these metadata acquired up to now?
• Emerging technologies for improving the migration and acquisition of these metadata
(better/faster/cheaper/more complete)
• Cost elements (current/future; e.g. additional benefits)
This section offers answers to some of these questions or at least directions where to start.
The material covered here is based on the results of the PRESTO questionnaire, which can
be found under the Current State of the Archives Report D.2.
One aspect directly related with descriptive metadata and their potential future benefit is the
public access to such information. Therefore, another subsection deals with the public
representation of metadata and degrees of access.

11.1 Current situation in archives
The PRESTO report Archive preservations and exploitation requirements28 included a section
about the current situation of the broadcast archives in terms of metadata. Some important
points could be identified in that survey as follows:
Some information items are used in all archives up to now and they seem to be of major
interest to those archives. The following list shows the common items, which can therefore
be also seen as a list of metadata attributes for future applications.
•
•
•
•
•
•
•
•
•
•

Tape number and bar code (e.g. = Material-Number), Archiving-Number, Production
Number
Broadcast-Date / Channel
Duration / length
Recording format/standard
Quality of Picture/Sound
Usage of Tape
Technical sheet
Colour, Ratio, Sampling, Sound
Title, Subtitle, Episode No

The work related to the rights of materials is a major cost driver in many archives.
Simplifications in this area can save quite some money in the future.
Additional metadata should be collected in the future to provide additional savings, such as:
•
•
•
•
•
•
•
•

Item level (transfer dates, technical notes and track listings)
New tape number or file number
Corrected duration
Correction of content if required
Timecode and key frames
Thumbnail pictures
Transcription quality control metadata
Genealogy of content

•

Legacy databases and local applications exist for various purposes but they do not offer
the information in a standardised way. In case of more than one database in an archive
(e.g. an additional rights database…) those database are not always linked and the
exchange between those databases is often also somewhat difficult.
The range of information provided with the material going out of the archives differs
among the various archives from very limited sets to rich offerings, which can even be
specified by the archives’ customers. This even reaches a point where prints of
catalogue-descriptions or copies of recording-forms can be requested. Making available
such information with delivered material could be a benefit as well.
Not all archive collections are available to the public. Some of them even have a very
restricting system (e.g. phone and fax for information about material and ordering…).
Some of the archives within the PRESTO group are national ones. This means that they
receive a lot of material from other institutions and individuals. The number of such items

•

•
•
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is at the moment greater than the archives can catalogue in their work and this is not
going to decrease in the future. To get such material and the corresponding descriptions
into the systems it will be necessary to use more standardised ways for cataloguing or at
least for exchanging the metadata, which can then be easily fit into the existing storage
systems.

11.2 Standards and initiatives
Several projects and initiatives deal/dealt with the standardisation of metadata, the
representation of these metadata and the exchange of metadata.

11.2.1 SMPTE
The SMPTE Metadata Dictionary (SMPTE 335M-2000) is a reference book of audio-visual
descriptors. These descriptors cover the entire production chain (pre-production,
postproduction, acquisition, distribution, transmission, storage and archiving). A hierarchical
registration of metadata items is possible through a general scheme. This scheme uses a
universal label. Different description sets from other activities were combined into one
common set.
The dictionary is made up of 10 categories dealing with the different aspects to be described.
The number of categories can be increased to 255 if necessary. The data are encoded in the
KLV (Key-Length-Value) protocol29. The SMPTE Universal Label is taken as the key. The
automatically created length is according to ISO standards and the value is taken from the
metadata dictionary.
The Unique Material Identifier (SMPTE 330M-2000) describes the format of a unique
identifier for material like video, audio and data. The identifiers referring to that standard are
created locally (thus not asking a general database for a registration) but still globally unique.
This is a major difference to other identification methods. The reason why this uniqueness is
possible lies in the fact that the identifier is made up of 2 parts: a Basic UMID and the
Signature metadata. The Basic UMID contains the universal label, the length, the instance
number and the material number. The Signature metadata is made up of time/date
information, spatial coordinates, country and organisation codes and the name of the creator.

11.2.2 SMEF
The SMEF™ (Standard Media Exchange Framework)30 is a data model, which allows the
description of all information related to the production, development, use and management of
media assets. The model offers a semantic and a logical view on the items, logical clusters of
items and the relationships in between the clusters. The model consists of 2 parts: a data
dictionary defining the entities and attributes and a number of entity relationship diagrams
(ERDs), which show the structure in the form of relations between the entities and also the
cardinalities in these relations.
It is a development of the BBC but has general validity and could therefore be used by other
organisations dealing with media asset development and management issues as well. The
model was not done as a standalone solution but also takes into account work done by other
groups (e.g. EBU and SMPTE). Standards developed by those groups will be also
incorporated in the future work on SMEF.
29
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In the moment there is no comprehensive level of detail and the attributes are accompanied
only with descriptions in the model. Future versions will include a larger number of entities
(covering the business area in a more accurate way). The attributes of various entities will be
also increased. For each attribute more information will be added (e.g. format, validation
rules, allowable value sets etc.) and this will allow integration of more automated
mechanisms.

11.2.3 EBU P/META
Another initiative was the PMC Project P/META (Metadata exchange standards). It was a
project of the EBU (European Broadcast Union) led by BBC. The objective of that project
was to standardise the structuring of media related information (either somehow associated
with the media in separate data repositories or embedded in the media itself). The exchange
of media items should benefit from that project. The work in this project can be seen as
complementary to the various activities from EBU and SMPTE (e.g. Metadata Dictionary,
UMID) as well. The main tasks of this project31 are as follows:
• To establish understanding between EBU members of the media-related data
interchange requirements of media commissioner/publishers (broadcasters), suppliers
(producers) and consumers, using the BBC Standard Media Exchange Framework
(SMEF) as the core information architecture.
• To validate and extend the SMEF model as appropriate against members’ requirements
in terms of data and process, noting local synonyms (or translations), to create an “ESMEF”. This would extend the thinking to the development of a commercial process
framework for exchange of media between EBU members.
• Using E-SMEF, to apply emerging SMPTE metadata standards to the production and
broadcast or distribution process, and study the feasibility of creating and adopting
common exchange formats for essence and metadata.
• To establish understanding of the use of unique identifiers in metadata e.g. the SMPTE
UMID, as a crucial linkage tool between unwrapped data (metadata) and wrapped or
embedded metadata in media files or streams, and develop protocols for their
management between members.
• As an aid to commercial and system interoperability between members, and in cooperation with standards bodies in related industries such as music and print publishing,
to collate all relevant unique identifier schemes and map them against each other. This
could be in collaboration with the EU INDECS project32 and the DOI Foundation33, and
extend to cover their data models too.
As seen from above several activities exist in that area, and are running in parallel. In
addition the fact that a lot of new distribution channels to customers are established (this is
due to convergence of computer and communication technologies on one side and television
on the other side) required the initiation of a common activity. The EBU and SMPTE formed
a working group, the joint Task Force for the "Harmonisation of Standards for the Exchange
of Television Programme Material as Bit Streams"34. Two major tasks were assigned to that
Task Force: the production of User Requirements for implementing new technologies, which
stay valid for at least one decade and fundamental decisions, which will in the end result in
standards. These standards shall support future systems, which will be a consequence of the
requirements.
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Two reports were produced, the User Requirements (published in April 1997) and the Final
Report (August 2000). The Final Report35 resulted from a co-operation of more than
200 experts all over the world (Europe, North America, Australia and Japan). Within that
report sections covered Systems in general, Issues of Compression, Transfer Protocols and
of course Wrappers and Metadata. The report should be seen as a general guide for all
following activities.

11.2.4 MPEG-7
MPEG-7 (Multimedia Content Description Interface)36 provides a standardised content
description for various types of audio/visual material (audio, speech, video, and pictures). It
allows a quick localisation of the content. The standard is not restricted to the mentioned
materials but can be also used to describe other aspects (e.g. user preferences…).
Nevertheless only the content is described by this means, but neither description generation
(e.g. indexing…) nor description consumption (e.g. search…). Examples of other application
domains beside the a/v material related ones are:
• Tele-shopping
• Intelligent multimedia presentations
• Educational applications
• Surveillance and remote sensing
• Biomedical applications
The so-called Data Definition Language (DDL) includes Descriptors (Ds) and Description
Schemes (DSs), which allow the structuring of information related to content objects.

Figure 11.1 MPEG-7 Description Definition Language

35

37

European Broadcasting Union: Task Force for Harmonized Standards for the Exchange of Program Material as
Bitstreams; Final Report: Analysis and Results; July 1998:
http://www.smpte.org/engr/tfrpt2w6.pdf
36
MPEG-7 main page; GMD - Forschungszentrum Informationstechnik GmbH:
http://www.darmstadt.gmd.de/mobile/MPEG-7/index.html
37
Philippe Salembier: Status of MPEG-7: the Content Description Standard; International Broadcasting
Conference Amsterdam, The Netherlands, September 8, 2000; Universitat Politecnica de Catalunya, Barcelone

DDL terms
•

•
•

•
•

•
•
•

Data (audio-visual information that will be described using MPEG-7, regardless of
storage, coding, display, transmission, medium, or technology), e.g. for MPEG-7 data are
an MPEG-4 stream, a video tape, a CD containing music, sound or speech, a picture
printed on paper, and an interactive multimedia installation on the web.
Feature (distinctive characteristic of the data, which signifies something to somebody),
e.g. colour of an image, pitch of a speech segment, rhythm of an audio segment, camera
motion in a video, style of a video, the title of a movie, the actors in a movie etc.
Descriptor (is a representation of a feature. The descriptor defines the syntax and the
semantics of the feature representation), e.g. for the colour feature, possible descriptors
are: the colour histogram, the average of the frequency components, the motion field, the
text of the title, etc.
Descriptor Value (instantiation of a descriptor for a given data set or subset thereof)
Description Scheme (specifies the structure and semantics of the relationships between
its components, which may be both Descriptors and Description Schemes), e.g. a movie,
temporally structured as scenes and shots, including some textual descriptors at the
scene level, and colour, motion and some audio descriptors at the shot level.
Description (consists of a DS (structure) and the set of Descriptor Values (instantiations)
that describe the Data).
Coded Description (a Description that has been encoded to fulfil relevant requirements
such as compression efficiency, error resilience, random access, etc.).
Description Definition Language (The Description Definition Language shown in
Figure 67 is a language that allows the creation of new Description Schemes and,
possibly, Descriptors. It also allows the extension and modification of existing Description
Schemes).

Figure 11.2 A UML based representation of possible relations between Ds and DSs
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To get a better understanding of the terminology above see Figure 11.2 and Figure 11.3.
Figure 68 shows the extensibility of the above concepts. Furthermore, it indicates that the
DDL provides the mechanism to build a Description Scheme, which in turn forms the basis
for the generation of a Description Figure 69 explains a hypothetical MPEG-7 chain in
practice. The square boxes depict tools that are doing things, such as encoding or decoding,
whereas the circular boxes represent static elements, such as a description. The dotted
boxes in the Table encompass the normative elements of the MPEG-7 standard.
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MPEG-7 objectives; GMD - Forschungszentrum Informationstechnik GmbH:
http://www.darmstadt.gmd.de/mobile/MPEG-7/Objectives.html
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Figure 11.3 An abstract representation of possible applications using MPEG-7

11.2.5 Other standards
Dublin Core
Dublin Core40 is an additional standard with a set of 15 main descriptors. This standard is
used for a wide range in a lot of different domains. Its original intention was the
representation of bibliographical information on the web.

Minimum Data List
A standard, which is more focused on audio-visual archives is the Minimum Data List (MDL)
provided by the FIAT/IFTA. It is used for cataloguing video and film documents. It specifies a
core set of data field descriptors, which allow the set-up of new cataloguing systems in
broadcast archives but also the communication of metadata between such archives. The
MDL consists of three groups of descriptors: one for purpose of identification (title, date,
producer…), one for describing technical data (keywords, content, format, language…) and
one for data related to the management of rights (origin of the material, contracts,
copyrights…). The MDL does not yet exist in a machine-readable form. An appropriate
conversion is therefore necessary.
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-> Note N° 38

40

http://dublincore.org

11.3 Storage and Servers
Metadata are not of great help if they cannot be used in other ways after their creation. One
of the major purposes is the researching after cataloguing. This may also include the
question for publishable material (rights). Other purposes could be the production of printed
catalogues, obtaining archived material or the exchange of information between archives
(public and commercial). The last point mentioned will be if prime in the future.
For quite a long time the concept of the so-called OPAC (On-line Public Access Catalogue)
has already been part of the library world. The following definition of OPAC was derived
from41:
An OPAC is an on-line bibliography of a library collection that is available to the public.
OPACs developed as stand-alone on-line catalogues, often from VT100 terminals to a
mainframe catalogue. With the arrival of the Internet, most libraries have made their OPAC
accessible from a server to users all over the world. User searches of an OPAC make use of
the Z39.50 protocol. This protocol can also be used to link disparate OPACS into a single
"union" OPAC.
An OPAC is that part of a (metadata) database, which is shown to the public. This can either
mean a subset of the production system itself or as in many cases today a replication of
parts of the original catalogue with a carefully selected subset of attributes for public use
(search and retrieval). This chapter deals with information on two ways for providing public
access to an archive catalogue. One way shows the access via a usual web site access and
the second way presents a classical approach in terms of Z39.50 based OPAC technology.

11.3.1 Greenstone Digital Library
At first the Greenstone Digital Library software was investigated42. A Greenstone digital
library is organised as a set of separate collections. A collection of information comprises
several documents (the number of documents is typically in the range of several thousand or
even several million). A uniform interface is attached to these documents. The library may as
well comprise several different collections in a hierarchy. Within such a hierarchy the
collections may be organised in different ways. The representation of the overall collection
itself is strongly harmonised through the common user interface. The Greenstone Digital
Library software is described below43:

Collections are accessible via the Web
The collections can be accessed with standard Web browsers (e.g. Netscape or Internet
Explorer). Search and browsing functionality are provided. The use of HTTP allows nearly
every user to get in touch with such a system. This is even true for users behind a firewall
because usually the port 80 is opened in firewalls.

Full-text and fielded search
There are several ways for searching: full documents or indexes created for different parts of
the documents (e.g. sections, titles, and attributes like author…). The searches are possible
on word (some of the words) or phrase (all words) level. The results from searches can be
41

Whatis?com:
http://whatis.techtarget.com
42
The New Zealand Digital Library Project:
http://www.nzdl.org
43
Ian H. W ITTEN and Stefan BODDIE; The Greenstone Digital Library Software; Department of Computer Science;
University of Waikato; New Zealand; May 2000.

either ranked by their relevance (e.g. number of occurrences of the searched term) or sorted
by a specific metadata element.

Help & Preferences
The searching user is supported by special Help pages, which explain the searching and
browsing capabilities of the system. This includes explanations on how to find information,
how to read documents, how to enter search terms (e.g. specialities for date searches) and
how to build more sophisticated structured queries (e.g. by adding Boolean operators).
On the Preferences page the user can influence the appearance of the user interface
(language, encoding, format). It is also possible to configure the search preferences (e.g.
case sensitivity, truncation, simple/advanced queries, search history and number of hits).

Flexible browsing facilities
Browsing functionality is very often a very important feature in a search and retrieval system.
This is especially true in case of public access to collections as users do not know about
searchable items in a collection. Therefore the user can browse lists of authors, titles, dates
or other attributes. The offered functionality for different collections may vary due to the
characteristics of the provided collections. The interfaces for browsing and searching are
constructed during the build process and depend on configuration information for the
collections.

Creating access structures automatically
Collections are easily maintainable. The structures for searching and browsing the document
repository are created directly from the source documents. This feature allows automated
updating of the collection and indexes by regularly initiated processes.

Use of available metadata
The descriptive information in metadata (like author, title, date, keywords…) may be attached
to documents or to individual sections within documents. The metadata can then be used for
browsing or searching the indexes. Prerequisites for the use of metadata are, that the
metadata are either provided explicitly or can be derived from the documents in an
automated way. As one example, the Dublin Core metadata scheme is used, but provision is
made for other schemes as well.

Extending the capabilities of the system (Plug-Ins)
In the future different kinds of documents (or media) will gain importance for more interesting
searches (e.g. comparisons with pictures, sounds…). To allow these types of “searchable
items” the software provides mechanisms for adding Plug-Ins. In the moment Plug-Ins exist
for plain text documents, HTML documents and for recursively traversing directory structures
containing such documents. Some other proprietary formats are also available. The use of
Plug-Ins is not restricted to one type within one collection.

Size of collections
Collections can contain millions of documents resulting in several gigabytes of information.

Language of Documents
The software makes use of Unicode. This allows documents to be in any language (so far,
French, Spanish, Maori, Chinese, Arabic and English were used for collections). The

conversion between the Unicode representation and the alphabet in the user’s web browser
is done on the fly. The user interface itself can be done in multiple languages.

Compression
The size of the indexes and text is reduced by appropriate compression techniques. This
also increases the speed of text retrieval.

Availability of collections
Collections can be published either on the World Wide Web or on CD-ROMs (with a built-in
Web server allowing other computers in the same network to access the library as well). The
interaction is done with a Web browser in both cases.

Platform
Current platforms include Unix (e.g. Linux, SunOS 5.6), Windows 95, 98 and NT.

Dependencies on other software
C++ compiler (e.g. GNU C++, Microsoft™ Visual C++), Standard Template Library and GNU
Database Manager for building the software. Perl 5 (or higher) for building collections. Web
server (e.g. Apache is free and easy to install) for running the service.
Greenstone is an open-source software, available from the New Zealand Digital Library
Project44 under the terms of the GNU General Public License.

11.3.2 Z39.50 communication protocol
A very common type of search and retrieval systems in the library world is the systems,
which are based o the Z39.50 communication protocol45. This protocol provides the means
for generic search and present operations. It is message oriented and the most important
message types are as follows:
•
•

Init
Search

•

Present

•

Scan

For setting up a session
Searching in a catalogue and creating result
sets for later retrieval
Retrieving records from previously created
result sets with the flexibility of requesting
different record syntaxes, element sets
Browsing an index (e.g. creator, date etc., as
a starting point in newly queried catalogues)

Via the so-called extended services also the inter library loan functionality can be made
available. To assist Z39.50 clients in accessing Z39.50 servers an additional service provides
the means for automatically configuring the clients: the so-called Explain service. A
Z39.50 based system may look like the one in Figure 70. Different client programs on various
platforms can establish Z39.50 sessions with the Z39.50 target server system (via
connections utilising e.g. TCP/IP). The client can then submit search and retrieval requests
to the server. The generic front-end system of the target server translates the requests
(queries) into the native interface formats (e.g. SQL for RDBMSs) of the OPAC databases.

44
45

http://www.nzdl.org
http://lcwb.loc.gov/z3950/agency

The generic messages are based on attribute sets, which are defined for/by the different
communities communicating with the Z39.50 protocol. Internationally agreed application
profiles are also defined on the existing standard. These profiles include information on the
offered services (i.e. the allowed message types), the involved attribute (sets) and the record
formats to be used within the exchanged messages. Example profiles are: the BATH profile
(for Library Applications and Resource Discovery), the CIMI profile (for Cultural Heritage
Information), the Union Catalogue profile (National Library of Australia), etc.
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Figure 11.4 Z39.50 based client - server model

A wide range of applications exists in that area. Most of them are attached to existing
cataloguing systems. Within these systems the OPAC database is either part of the
production system or exists in parallel to the production system.
Providing access to a Z39.50 based target system via a firewall usually means that one port
as to be opened (i.e. the standard Z39.50 port 210). This allows clients to connect to the
server from outside the firewall. For each session one port will be opened by the server to
the outside world, which is valid in many cases. There also exist web gateways (HTTP to
Z39.50 and vice versa). Such gateways also allow a public access – the HTTP port is very
often opened. One drawback of such solutions is the inefficiency of the mechanism. In the
current situation the Z39.50 community discusses the use of alternative approaches like a
representation of the messages in XML or the use of SOAP as the means of message
transport.

11.4 Exchange formats
A considerable number of various multimedia file formats are in use during the production.
These either correspond to standards, are standards themselves, or are proprietary formats
of specific systems. A quality problem arises from that because one incorrect conversion
may effect the things visible on the screen in a malicious way. For overcoming this problem
the Advanced Authoring Format Association46 develops a standard. This is done with the
help of major industrial partners like Sony, Microsoft, BBC, CNN etc. The Advanced
Authoring Format (AAF) is a software implementation of metadata and labels developed by
SMPTE. The software is a wrapper application. It is available in the form of software
development kit. The focus is on digital production but not on the delivery processes. Various
types of essence can be handled through AAF (video, audio, MIDI, MPEG…). The
mechanism used for describing the formats is called Media Exchange Format (MXF). This
format is created in co-operation with the Pro-MPEG Forum47.

11.5 Automatic capture of metadata
An important aspect emerging from the user survey is that preservation of the is not only
aimed at keeping archive media from them for the becoming obsolete but also at enhancing
the possibility of reusing archive items in new productions. On one side, this provides an
attractive point of view emphasising the economical opportunity of the preservation effort. On
the other side it requires appropriate technology to maximise the chances of accessing the
right material for reuse in new productions. While collecting all available metadata and
storing them in a way compliant to the most recent standard is an obvious necessity, the
transition from analogue-to-digital form opens the way to an automatic collection of ancillary
information that can be used to improve evaluation and screening of archive material. In
particular, digital signal processing techniques can be used to categorise audio/visual
content (fast/slow paced footage, music/speech/silence intervals) and to summarise it, by
selecting the most salient frames, so that compact catalogues can be automatically built and
published on-line. Research in the field of automatic analysis of audio/visual material is now
reasonably mature to be successfully applied in a real situation48. Furthermore, image
comparison techniques would allow spotting the reuse of selected footage within the
archives, providing useful statistical information and promoting resource usage optimisation.

Virage
http://www.virage.com

Virage has been one of the first players in the domain of automatic analysis of video streams.
Their system VideoLogger is also embedded in other commercial systems and has the
following capabilities:
• Real-time analogue video support for NTSC, PAL and SECAM standards
• Real-time digital video support for RealVideo, Windows Media, QuickTime and MPEG
formats
46

http://www.aafassociation.org
http://www.pro-mpeg.org
48
S.-F. Chang, W. Chen, and H. Sundaram, Semantic Visual Templates: Linking Visual Features to Semantics,
ICIP'98, Workshop on Content Based Video Search and Retrieval, Chicago IL, Oct 10-12 1998
R. Brunelli, O. Mich, C. M. Modena, A Survey on Video Indexing, J. of Visual Communication and Image
Representation 10, pp.78-112, 1999
Shi-Fu Chang and H. Sundaram, Structural and Semantic Analysis of Video, Proceedings of ICME 2000: IEEE
International Conference on Multimedia and Expo New York, USA, July 30 - August 2, 2000
H. Wactlar, Informedia - Search and Summarization in the Video Medium, Proceedings of Imagina 2000
Conference, Monaco, January 31 February 2, 2000
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•
•
•
•
•

Text-extraction of closed captions or teletext
Intelligent and time-based keyframing with adjustable keyframe sensitivity
Audio analysis for speech-to-text, speaker identification and audio classification
Video analysis for face and on-screen text recognition
Data export options for Oracle, Informix and HTML

The SmartEncode process allows video to be indexed and encoded simultaneously, in
multiple formats and multiple bit-rates. The system provides synchronised, time-based index
back to the original content.

Excalibur
http://www.excalib.com/index2.html
http://www.convera.com
Excalibur was one of the first players in the field of data searching using innovative
techniques (Adaptive Pattern Recognition Processing) also applied to non-textual data such
as images and video. Excalibur ScreeningRoom Capture Client automatically captures,
analyses and storyboards analogue or digital video assets providing the following
functionalities:
• Automatic generation of storyboards by selecting the most important key-frames
• Detection of cuts, fades, shifts, pans, titles, blank screens and dissolve
• Automatic detection of SMPTE codes
• Accepts multiple in put format such as analogue, real-time or digital input
• Optionally creates digital video for playback with Microsoft Windows NT Server
NetShow™ Services, RealNetworks G2 Media Player and Oracle VideoServer
Furthermore, Excalibur Visual RetrievalWare provides comprehensive image processing
programs supporting feature extraction, analysis, indexing, and retrieval of digital images
based on their colour, shape and texture.

SalientStills
http://www.salientstills.com

VideoFOCUS
While the product offered by SalientStills is not related to the capture of metadata, we think
that mentioning it in this survey is appropriate for its relevance to the economical exploitation
of the archive. Video content is not traditionally related to the idea of high quality printed
images. However many images from video could be profitably used to illustrate printed
documents. The product offered by SalientStills uses the redundancy of video data together
with advanced image registration techniques to extract very high quality still images from
short video sequences. This product offers an additional opportunity for the economical
exploitation of archive material.

eMotion
http://www.emotion.com

MediaPartner
The current product from eMotion builds on previous experience with products such as
Cinebase 3, CreativePartner and MediaQuest. MediaPartner is a Digital Media Management
system based on an n-tiered architecture to facilitate communications through the whole
system. The whole architecture is organised into a sequence of layers, from thin clients to
persistent storage services. Media services provide thumbnails and low bandwidth video
streams when source digital files are imported. New formats are produced on the fly upon
request, eventually distributing the load over a computer network. Media search services

include patented Natural Language Processing information retrieval algorithms. The system
provides Virage, MediaSite, Avid and Quark extensions that allow users to work directly with
these applications.

Bulldog
http://www.bulldog.com

Bulldog is yet another asset management system providing a comprehensive solution to the
problem of digitisation and digital redistribution. Video analysis is based on Virage
VideoLogger.

MediaSite (ex-ISLIP Media)
http://www.mediasite.com

MediaSite Logger and AutoLogger are two products supporting the digitisation, cataloguing
and indexing of incoming video. The two products use content and time-based image and
motion analysis to automatically identify scene changes and build a storyboard. Cataloguers
can add segment information including description, title, location, and other user
customisable information. Logger also incorporates MediaSpeak Solo speech recognition
technology to quickly and easily add information to video segments. The system also
integrates with systems for:
• Non-linear editing (Avid, MCXpress, Tektronix, Discreet Logic)
• Media asset management (IBM Digital Library, Cinebase)
• Database (Oracle, Informix, IBM DB2, Microsoft Access)
• Video server (Silicon Graphics MediaBase, IBM Video Charger, Oracle Video Server)
• Video streaming (Real Networks, Microsoft Windows Media Services)
• Internet/intranet browsers (Netscape Navigator, Microsoft IE)
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13 Abbreviations and Acronyms
5.1
24p
24pSf
2k
422P
4k
50i
A

Dolby Digital 6 separate audio channels: Left, Centre, Right, Left Rear, Right Rear, and Subwoofer
24 frames-per-second, progressive scan of motion picture film
Segmented Frame 24-picture system
Spatial resolution of 2048 pixels
4:2:2 Profile (MPEG-2)
Spatial resolution of 4096 pixels
50 interlaced sampled fields

A/D
AAC
AAF
AC
ACS
ADPCM
AES
AIT
ANSI
ATRAC
AURORA
AVI
B

Analogue-to-Digital
Advanced Audio Coding
Advanced Authoring Format (AAF Association)
Alternating Current
Advanced Computer Systems (Italy)
Adaptative Differential Pulse-Code Modulation
Audio Engineering Society
Advanced Intelligent Tape (Sony)
American National Standards Institute (U.S.A.)
Adaptative Transform Acoustic Coding
Automated Restoration of Original film and video Archives (European project)
Audio Video Interleaved (Video for Windows)

b
B
B
BBC
BER
BRAVA
BRR
BWF
C

Bit (binary digit “0” or “1”)
Bi-directional picture (MPEG-2)
Byte (= 8 bits)
British Broadcasting Corporation
Bit Error Rate
Broadcast Archives restoration through Video Analysis (European project)
Bit-rate Reduction
Broadcast WAV File format

C++
CBR
CCIR
CD
CD-DA
CD-R
CD-ROM
CELP
CIF
CIMI
CNN
COM
COMMAG
CTL
D

Object oriented programming language
Constant Bit-rate
Comité Consultatif International des Radiocommunications (now ITU-R).
Compact Disc
CD Digital Audio
Compact Disc Recordable
CD Read Only Memory
Code-Excited Linear Prediction
Common Intermediate Format
Consortium for the Computer Interchange of Museum Information
Cable News Network
Component Object Model (Microsoft)
COMbined MAGnetic sound track
Control track

D-Cinema
D/A
DAT
DCT
DDL
DHT
DL
DLT
DO

Digital distribution and projection of cinema material
Digital-to-Analogue
Digital AudioTape
Discrete Cosine Transform
Description Definition Language (MPEG-7)
Digital Helical scan Tape
Digital Library
Digital Linear Tape
Drop-Out

DOC
DOI
DPX
Ds
DSP
DSs
DST
DTBC
DTF
DTV
DV
DVB
DV(C)
DVD
DVTR
E

Drop-Out Compensator
Digital Object Identifier
Digital moving Picture eXchange file format (SMPTE)
Descriptors (MPEG-7)
Digital Signal Processor / Processing
Description Schemes (MPEG-7)
Data Storage Technology (Ampex)
Digital Timebase Corrector
Digital Tape Format (Sony)
Digital Television
Digital VCR format
Digital Video Broadcasting
Digital Video (Cassette)
Digital Versatile Disc
Digital Video Tape Recorder

e.g.
E-Cinema
EB
EBU
ECC
EIA
ERD
ES
EU
F

exempli gratia, for example
Digital distribution and projection of cinema material
Exabyte, # 1018 bytes, approximately 1 billion of billions (GB) of bytes
European Broadcast Union
Error Correction Code, Error Check and Correct
Electronic Industries Association
Entity Relationship Diagram
Elementary Stream (MPEG-2)
European Union

FFT
FIAT/IFTA
FICA
f/s
G

Fast Fourier Transform
Fédération Internationale des Archives de Télévision / International Federation of Television Archives
Film Conditioning Apparatus (Swedish Film Institute)
frames per second

GB
GMR
GNU

Gigabyte, # 109 bytes, approximately 1 billion bytes
Giant Magneto Resistive head
Recursive acronym for “GNU's Not Unix”; GNU Project launched in 1984 to develop a complete Unix-like
operating system, which is free software
Group Of Pictures
Graphical User Interface

GOP
GUI
H
HBV
HD (TV)
HD
HDD
HD-SDI
HEPA
HFS
HL
HSM
HTML
HTTP
I

Higher Bit-rate Video (MPEG-4)
High-Definition
Hard Disk
Hard Disk Drive
High-Definition version of the SDI (SMPTE 292 M) running at 1.485 Gbit/s
High Efficiency Particulate Air
Hierarchical File System
High Level (MPEG-2)
Hierarchical Storage Management
HypertText Markup Language
HyperText Transfer Protocol (Web-Internet)

I
i.e.
I/O
IASA
INA
INDECS
IPI
ips

Intra picture (MPEG-2)
Id est, that is
Input / Output
International Association of Sound and Audiovisual Archives
Institut National de l'Audiovisuel (France)
Interoperability of Data in E-Commerce Systems
Image Permanence Institute
inch per second

ISDN
ISO
IST
IT
ITC
ITU
ITU-R BT.601-5
ITU-R BT.656-3
ITU-R BT.709

Integrated Services Digital Network
International Organisation for Standardisation
Information Society Technologies (European framework programme)
Information Technology
Istituto Trentino di Cultura (Italy)
International Telecommunications Union
Standard defining the encoding parameters of digital television for studios
Standard for interconnecting digital television equipment operating to the 4:2:2 standard defined in ITU-R
BT.601
Recommendation for 1125 lines (1035 active) / 60 and 1250 (1152 active) / 50 High-Definition defining
values (74.25 / 37.125 MHz; 8 or 10 bits) and a 4:2:2: sampling structures that is 5.5 times that of ITU-R
BT.601

J
JPEG
JRS
K

Joint Photographic Experts Group (ISO/IEC)
Joanneum Research (Austria)

K-L-V
KB
kbit/s
Kbpi
110
L

Key-Length-Value (SMPTE data encoding protocol)
Kilobyte, # 103 bytes, approximately 1 thousand bytes
Kilobits per second
Kilobits per inch
Kilobits per second

LAN
Linux

Local Area Network
UNIX-like operating system; designed to provide personal computer users a free or very low-cost operating
system
Linear Tape
Linear Tape Open

LT
LTO
M
M-JPEG
MB
MB/s
Mbit/s
Mbits/in2
Mbps
MC
MDL
MIDI
ML
MM
MM
MMS
MP
MP
MP3
MPEG
MPEG-7
MR
MS
MTBF
MTTR
MXF
N

Motion JPEG
Megabyte, # 106 bytes, approximately 1 million bytes
Megabytes per second
Megabits per second
Megabits per square inch (1 square inch = 6.452 cm2)
Megabits per second
Moving Coil (turnable)
Minimum Data List
Musical Instrument Digital Interface
Main Level (MPEG-2)
Moving Magnet (turnable)
Multi-media
Microsoft Media Server
Metal Particle
Main Profile (MPEG-2)
MPEG Audio Layer 3
Moving Picture Experts Group (ISO/IEC)
Multimedia Content Description Interface
Magnetoresistive head
Middle / Side stereo
Mean Time Between Failure
Mean Time To Repair
Media eXchange Format (Pro-MPEG Forum)

NAA
NAS
NFS
NLE
O

Netherlands Audiovisuel Archief
Network-attached Storage
Network File System
Non-linear Editing

O-MaSS

Opto-Magnetic Storage Systems (Tandberg)

O/P
OB
OMFI
OPAC
ORI
P

Output
Outside Broadcasting
Open Media Framework Interchange
On-line Public Access Catalogue
ORIginal

P
PAL
PB
PCM
pel
Perl 5
PET
pH
PLL
PMC
PRESTO
PS
PVC
R

Predicted picture (MPEG-2)
Phase Alternate Line
Petabyte, # 1015 bytes, approximately 1 million of billions (GB) of bytes
Pulse Code Modulation
pixel, picture element
Script programming language
Polyethylene
Potential power of the relative concentration (negative logarithm) of hydrogen ions (H+) in a solution.
Phase-locked Loop
Production Technology Management Committee
Preservation Technologies for European Broadcast Archives (European project)
Program Stream (MPEG-2)
Polyvinyl Chloride

RAI
RAID
RAM
RDBMS
RF
RH
ROI
RPM
RS 422
RTSP
S

Radio Televisione Italiana
Redundant Array of Inexpensive Discs
Random Access Memory
Relational Database Management System
Radio Frequency
Relative Humidity
Region Of Interest
Revolutions per minute
Standard for serial data communications defined by EIA standards RS-422
Real-time Streaming Protocol

S/N or SNR
SAN
SCSI
SD(TV)
SDI
SDK
SDLT
SDTI
SDTI-CP
SECAM
SEPMAG
SMEF
SMPTE
SMPTE 274M
SOAP
SQL
SSD
STL
SunOS 5.6

Signal-to-noise ratio
Storage Area Network
Small Computer Systems Interface
Standard-Definition (Television)
Serial Digital Interface (270 Mbit/s data transfer rate; 10-bit)
Software Development Kit
Super DLT
Serial Data Transport Interface (SMPTE 305M standard)
SDTI - Content Package (SMPTE 326M)
Séquentiel couleur à mémoire
SEParate MAGnetic sound track
Standard Media Exchange Framework
Society of Motion Picture and Television Engineers
1080 active lines for HD x 1920 pixels
Simple Object Access Protocol
Structured Query Language
Solid state Storage Device
Standard Template Library
UNIX-based operating system for the Scalable Processor Architecture-based workstations and servers
from Sun Microsystems
Südwestfunk + Süddeutscher Rundfunk

SWR
T
TB
TBC
TCP/IP
TPI
TS

Terabyte, # 1012 bytes, approximately 1 thousand of billions (GB) of bytes
Timebase Corrector
Transmission Control Protocol / Internet Protocol
Tracks per inch (1-inch = 2.54 cm)
Transport Stream

U
UDP
UMID
UML
Unix
V

User Datagram Protocol (Internet)
Unique Material Identifier (SMPTE 330M)
Unified Modeling Language
Operating system that originated at Bell Labs in 1969

VBR
VHS
VITC
VLBV
vs.
VT100
VTR
W

Variable Bit-rate
Video Home System
Vertical Interval Time Code
Very Low Bit-rate Video (MPEG-4)
Versus: in contrast to, as the alternative of; against
Digital's first ANSI-compliant terminal
Video Tape Recorder

WAV
WDR
Windows 95, 98
and NT
WORM
X

Audio file format (Microsoft) that carries audio that can be coded in many different formats.
Westdeutscher Rundfunk (Germany)
Operating Systems by Microsoft

XML
Y

EXtensible Markup Language

Y/C
Y/UV
Z

Luminance / combined Chrominance signals
Luminance / two subcarrier modulation axes of the PAL Chrominance difference signals (B-Y), (R-Y)

Z39.50

Information Retrieval (Z39.50): Application Service Definition and Protocol Specification Standard (ISO
23950); ANSI/NISO Z39.50

Write Once Read Many

