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The Data Type Guidance Note Series

Each Guidance Note in the Data Types series is designed to provide a primer on the current state of
community knowledge about data types commonly encountered by those seeking to preserve digital
holdings. Digital preservation is about keeping information findable, usable, and trustworthy over
the long-term. The best approach for any repository will vary according to the scope and content of
its holdings, available resources, and the expectations of its funders and users. There are however,
broadly applicable good practices that have been established as a result of many years of research,
practical implementation, and consensus building. These are presented here as a starting point,
along with additional resources for further exploration.

This series of Data Type Guidance Notes has been authored by staff at Artefactual Systems in
collaboration with the Digital Preservation Coalition. These notes have been developed in
conjunction with the UK Nuclear Decommissioning Authority.

Digital preservation is an evolving field and continues to change and develop in response to external
drivers and fresh challenges. New formats, standards, and examples of good practice will emerge
over time and the information contained within this report will need to be updated. We welcome
comments and feedback to: info@dpconline.org.
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1 Overview

‘Moving image’ is a term used to describe visual works that have the appearance of movement (SAA,
2020). This medium has been implemented using a wide range of technical innovations and
practices, beginning with the advent of film production in the 1890s, continuing with analogue video
formats stored on magnetic tape and optical media stored on discs, to present day works using
streaming media, 360° video, Virtual Reality, and Augmented Reality technologies.

Digital moving images can be structured in various ways, including:

e encoded data streams (e.g. H.264) that are wrapped in format containers (e.g. Matroska
Multimedia Container).

e aseries of raster image files where each represents one frame of film (often from
digitization of analogue film reels), typically wrapped in a container and accompanied by
contextual metadata (e.g. DPX).

e data that is exposed to the viewer only as a stream available through a web or phone-based
app (e.g. TikTok or Instagram).

Moving image files comprise of a number of technical features that can influence the quality and
long-term preservation or access of the file itself (Lucker, et al, 2019):

e Bit depth or colour depth defines the number of colours a pixel may represent. This is
expressed in how many bits are used to define the colour, from 1-bit to 48-bit. For example,
24-bit colour depth represents true colour, or what the human eye can see (Wikipedia,
2021).

o Colour space defines how colours are expressed as numbers. Colour spaces are modelled
numerically and standardised through what is known as colour profiles. RGB, YUV, and
YCbCr are examples of common colour profiles (Blewer, 2020). Colour profiles can be

converted from one to another, but such conversions can alter the quality and display of
colours (ASMP, 2015).

e Compression algorithms, both lossy and lossless, can be used to reduce the storage size of a
moving image file. Lossy compression reduces quality to achieve smaller file sizes, which
leads to an irreversible degradation of audio and image quality. Lossless compression
reduces size while retaining all original information, thereby preserving the quality of both
the audio and video streams.

2 Preservation Challenges

Preserving moving images often requires specialized knowledge about formats, carriers, equipment,
and software. Broader knowledge on these topics will allow creators and preservation generalists to
understand basic good practice for working with moving images. There is an urgency associated with
the migration of formats due to carriers becoming obsolete and the rapid decay of materials.

2.1 Timeliness of digitization from analogue carriers

Large volumes of moving image recordings on analogue carriers are at risk of loss due to media
degradation and obsolescence as hardware necessary to playback and/or digitize is no longer
available or becomes prohibitively expensive (Casey, 2015).
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2.2 Analogue material assessment

Analogue moving image material requires access to increasingly rare equipment to view. Even with
appropriate and often expensive equipment, playback can damage the physical material, which
means that transfers to digital formats must be done with care and precise monitoring. Only minimal
review of content prior to digitization can be done using physical attributes, documents or metadata
prior to digitization.

2.3 Volume
Moving image files tend to be very large. This affects multiple aspects of their preservation:

Increased storage allocations (and the associated long-term costs) may exceed budgets.

e Storage requirements may exceed institutional capacity or the digital repository’s processing
capabilities.

e Creating preservation and access derivatives further increases storage requirements.

e Fixity checking, automated quality control, metadata extraction, and other processing tasks
may take too long to be practical.

e Checking large transfers for fixity when moving files between storage locations or creating

backups is time-consuming.

3 File Formats

There is no single perfect format for the preservation and future use of moving images and no clear
consensus in the digital preservation community. Decisions made on file formats should be
dependent on the features and functionality to be preserved and the future use cases to be
supported. Note that the tables below do not provide an exhaustive list of formats suitable for
preservation and access. The most suitable format for preserving the important features and
functionality of a file may be the original format that it was created in. It is recommended that
careful research and analysis is carried out before migrating files to a new format.

File format Extensions | Brief summary
Digital .dpx DPX (SMPTE standard ST 268-1:2014) is a raster image file format
Picture intended for storing moving image content as a sequence of single
Exchange .dpx files, typically created from digitizing analogue film carriers at
(DPX) high resolution and bit depth.
Matroska .mkv Matroska stores CRC32 checksums for every portion of the
Multimedia container, allowing stream-level integrity checking even if the
Container/ embedded metadata changes (Matroska, 2005-2020). FFV1 stores
FFV1 Video checksums at the frame or frame slice level (ffmpeg, 2020). FFV1
Codec within Matroska is a losslessly compressed format standardized
through IETF CELLAR-WG (IETF, 2021).
Material .mxf MXF is a video container format that often stores JPEG2000
Exchange encoded video (Library of Congress (LC), 2012). MXF has also been
Format used as the audio and video packaging format for Digital Cinema
(MXF) Packages (DCP). DCP is a more formal folder structure that
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contains MXF files alongside other audiovisual components and
playback metadata.

Uncompresse | .mov, .avi Video can be stored as an uncompressed data stream using the
dV210in V210 Video Picture Encoding. These streams are most often
Quicktime or wrapped inside an Apple Quicktime container file (.mov) or

other sometimes a Microsoft Audio Video Interleave container file (.avi).

container The typical video content inside has an 8-bit or 10-bit pixel depth
with a 4:2:2 chroma subsampling (Blewer, 2020). The resulting file
size is very large.

Apple ProRes | .mov Apple ProRes is a format intended for intermediary video editing
and has been used as a standard archival format for both
preservation and access (Apple, 2018). This encoding is proprietary
and lossy, but popular for use in mainstream audiovisual
production and distribution workflows due to ease of access.

H.264/MP4 .mp4 H.264 encoding wrapped in an MP4 container produces a file that
is relatively small and is capable of web playback. It is a highly
ubiquitous access format.

WebM .webm The WebM container is an open moving image file format

primarily used for web playback. It was extended from the
Matroska format by Google (WebM Project, 2010-2021).

4 Metadata Standards

There are a range of potential standards targeting moving image data types. These are suitable for
different purposes, including the capture of descriptive and technical metadata.

e EBUCore is an extension of DublinCore, a descriptive metadata standard, developed by the

European Broadcasting Union (EBU, 2020).
e EN 15907 is a European Standard that specifies a set of metadata for the description of
cinematographic works and provides terminology for use by parties wishing to exchange

descriptive metadata. (Filmstandards.org, 2011). It is adopted by many major film archives,

including the BFI National Archive and the Center national du cinéma et de I'image animée

(CNC), thanks in part to its use within the FIAF Moving Image Cataloguing Manual (Fairbairn,
et al., 2016).
e PBCore is an extension of Dublin Core developed by United States public broadcasting

communities and maintained by the WGBH Educational Foundation (PBCore, 2020).

e VRA Core is a descriptive metadata standard developed and maintained by the Library of

Congress in partnership with the Visual Resources Association. This metadata standard

focuses on general visual artworks (LC, 2018).
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5 Tips for creators

Whether creating born-digital moving images or digitizing analogue collections, consider consulting
an archive for advice and guidance on current good practice for creation.

5.1 Born-digital

Creators of born-digital moving images should be aware of practices that will ensure their
content can be preserved. WITNESS, an organization that promotes use of video to protect
and defend human rights, has created a guide on how to authenticate, manage, and
preserve video (WITNESS, 2020). This guide contains robust recommendations for creating
moving image media and metadata to ensure that files can be accessed widely and
preserved with the appropriate context.

Use the most ubiquitous and web-friendly video file format available for access derivatives.
Currently, that format is an H.264-encoded video stream within an MP4 container. The
popularity of access formats will change over time.

If possible choose an open format (for example, FFV1 in Matroska) for creation of a primary
preservation copy.

Avoid creating content using applications or web platforms that lock in content or limit use.
Test whether you can extract the content from the application or platform and re-use it
elsewhere.

Create a retention policy describing which content should be preserved. For example, decide
and document which of the following should be retained: the final production, the
associated raw video, special effects work, outtakes, and metadata describing shot lists or
editing order.

Establish how web streaming content will be captured. If export is not possible, screen
recording technology can be used to capture content and associated media elements such as
sidebar chats.

If creating video files from live performances, be familiar with best practices when
establishing your streaming video strategy. A good resource is Histories of Performance
Documentation (Giannachi, 2017), an anthology of research and conversations with experts
in the museum space.

5.2 Digitized

Migrating from analogue to digital format is essential for videotape and optical disk carriers due to
the high risk of degradation of physical material and obsolescence of mechanical hardware required
for playback (Casey, 2015). For film carriers, migration is typically required to provide access, and
should also be considered for preservation. For most moving image materials, analogue to digital
migration happens in 1:1 time.

Resources are available to help with initial assessment of analogue carriers:
0 The Texas Commission on the Arts (2004) has a Videotape Identification and

Assessment Guide with pictures and lists of distinguishing features for most video
formats.
0 meemoo, Flemish Institute for Archives (2020), provides a questionnaire for

determining specific formats based on their physical attributes.

o0 AVCompass provides an educational resource on giving “direction in organizing,
preserving, seeing and appreciating” audiovisual collections, from a physical
inventory standpoint (Bay Area Video Coalition, 2015).
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Prioritize videotape and optical disk digitization projects by the fragility of the medium:

o Highest risk: 74" Open Reel and 2” Open Reel tapes.

o High risk: U-matic, DVD, CD, DAT, and MiniDV, Video8 and Hi8.

O Lower risk: Open reel audio and DV are medium risk, and VHS, audiocassette, and

Betacam (Morel, 2019).

When properly stored, film is more stable than magnetic media, but migration from
analogue to digital is still necessary for access and should be considered for preservation.
Small gauge film formats (e.g. 8mm) are at higher risk and should be given digitization
priority. However, the physical condition of the film carriers is the greatest factor, and the
presence of vinegar syndrome, mould, and similar conditions should lead to assigning
affected holdings highest priority for digitization.

6 Tips for archivists

6.1 General guidance
The following resources provide guidance on preserving and providing access to moving images:

DPC Technology Watch Reports, Pragmatic Audiovisual Preservation (Blewer, 2020) and
Preserving Moving Pictures and Sound (Wright, 2012).

For more information on the audio data type, please see the Guidance Note on Audio.
IASA-TC 06 Guidelines for the Preservation of Video Recordings (1ASA, 2019).

Digital Archiving of Film and Video: Principles and Guidance (Memoriav, 2019).

UW Preservation: Moving Images LibGuide (University of Washington Libraries, 2020).

6.2 Community assistance
Engage with the community for advice and support. Professional communities provide guidance and
recommendations through published recommendations, working groups, conferences, and online

groups.

The Association of Moving Image Archivists (AMIA) offers conferences and other events

based in the U.S., task forces and working groups, student chapters, and webinars.

The International Federation of Film Archives (FIAF) offers training events, a technical
symposium, databases, and an academic journal.

The International Association of Sound and Audiovisual Archives (IASA) offers a mailing list,
conference, and an academic journal.

The No Time To Wait events (held annually and always streamed online) provide a forum for

information exchange on the digital preservation of audiovisual collections.

6.3 Characterization

Characterization can be useful to identify file formats, extract metadata, identify broken or
encrypted content, or check conformance to profiles or standards. Tool support and effectiveness
can vary considerably for different file formats.

File format identification can be performed with a tool such as DROID, FIDO, or Siegfried that

uses the PRONOM file format registry. Note that this may only identify the container format.

Tools such as Medialnfo (MediaArea, 2020) can be employed to identify encoded data
streams.
Use MediaConch to validate Matroska containers.
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6.4 Preservation action
e Adiscussion of data migration, challenges, and solutions can be found in On the Bright Side
of Data Migrations (Kromer, 2018).
e Moving images often contain more than one data stream. Careful analysis of each one is

essential when undertaking any kind of preservation action, such as making derivative files
or performing migration. Consider audio, subtitle tracks, embedded metadata, and other
data streams to be as important as the video stream.

e Research into errors and unexpected results can begin with the community-driven research
database, A/V Artifact Atlas (2020) or the expansive and highly visual reference book,

Compendium of Image Errors in Analogue Video (Gfeller, et al, 2012).

6.5 Quality assurance
® Check data for completeness, including evidence of successful fixity verification and of
checks of aural and visual quality. Carnegie Hall (2018) outlines quality assurance practices
and provides sample scripts for bulk operations. The UCLA Library Special Collections (2015)

metadata quality assessment workflow can be used as a guide.

Full quality assurance requires at least as long as the playback duration of the material.
Contracts with external vendors typically require the vendor to reprocess files with errors
during a specified period of time, and quality assurance assessments must be completed
during that period.
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