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File Formats

In 2006 the University of Bristol Theatre Collection began work on a large-scale project

funded by the Arts & Humanities Research Council to digitise a collection of over 1,650

video tapes that had been used to document performances from the National Review

of Live Art (NRLA). The analogue video tapes were deteriorating and digitisation was

required to preserve the content which was at risk of becoming lost.

Master Copies

The project selected the AVI (Audio Video Interleave) format for the storage of ‘digital

master’ copies. Unlike the digitisation of still images, where large lossless TIFF (Tag

Image File Format) and DNG (Digital Negative) format files together with smaller,

compressed JPEG (Joint Photographic Experts Group) files for use as access copies

had emerged by the mid-2000s as a widely shared common standard across the

archives sector, the digitisation of audio-visual material had no well-established

equivalent. 

However, when it came to selecting file formats to use for the digitisation of the

analogue video tapes the NRLA project took a similar archival approach to the

digitisation of still images, prioritising uncompressed or losslessly compressed

formats to try and preserve as much content as possible from the original analogue

tapes. AVIs do not have to use compression during the capture process so the digital

files created were ‘lossless’, maintaining the archival principle of preserving content.

At the time, smaller compressed video files, although having the advantages of

requiring a lot less storage space and being easier to playback, would nevertheless

always be a bit like having a bad photocopy of the original document. And the project

team was aware that future uses of the NRLA video archive would inevitably demand

high resolution materials (such as re-edits or digital restoration), and these would be

best served with uncompressed video data. As long as the data captured was the best

quality that could be achieved at the time, these files could continue to be returned to,

allowing the widest possibilities for future use – for exhibition, screenings, publication,

web platforms, and could always be re-sized and re-formatted accordingly.



Although not perfect - in that the AVI had the drawback of being a proprietary format

developed by Microsoft rather than ‘open source, meaning files might be more at a risk

in the future, particularly if Microsoft were to end up withdrawing their technical

support for the format - it had been widely adopted, being compatible with Microsoft’s

operating systems (the dominant system in use across the University of Bristol and

supported by the University IT department) open-source players such as VLC and non-

linear editing software such as Adobe’s ‘Premiere’ editing software package. An early

project framework document suggested creating ‘uncompressed video data

deposited in JPEG2000 frames inside a MotionJPEG wrapper, accompanied by audio

encoded in WAV format’ (a theoretically better choice perhaps), but when the team

came to test and develop digitisation workflows they struggled to open the JPEG2000

frames as videos as there was no software readily available to view them at the time.

So AVI ended up being the pragmatic choice. 

Another drawback was the size of the AVI files – one hour of analogue tape became

roughly one hundred gigabytes of data, and it was likely that the project would create

over twenty terabytes of uncompressed video files: a lot of space to find in 2006! By

the time the project was complete following minimal restoration work on some files

and the creation of access copies, around thirty-five terabytes of data ended up being

transferred to LTO (Linear Tape Open) data tapes. These were later transferred to the

University of Bristol’s Research Data Storage Facility, from where they are currently

being ingested into the Theatre Collection’s new digital preservation system,

Preservica

Access Copies

From the AVIs a set of compressed files using the MPEG-2 video file format (the

second standard developed by the Moving Pictures Expert Group), which have the file

extension .mpg, were then created as access copies. MPEG-2 was a common DVD-

video standard, and each file was burnt to a DVD, forming the set of access copies that

could be requested for viewing in the Theatre Collection’s Reading Room and a second

set of MPEG-2 copies kept on a standalone PC that could be readily accessed by staff.

(An MPEG-2 copy of the relevant performance documentation was also sent on a DVD

to each artist.)
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With the rapid expansion of the internet and demand for streamed video content

quickly becoming the norm during this period, in 2008 a follow-on project was

developed to build a website that could host video content from the collection where

artists had agreed to the documentation of their performances being published online.

A new set of FLV (Flash Video) files were created for this purpose, as the FLV file

format had been designed for streaming over the internet, was easy to embed into

web sites and could be compressed to a small enough size to make them very easily

accessible.

But after the end of the follow-on project in 2010, both the MPEG-2 and the Flash

Video formats became increasingly outdated. With FLV files being criticised for

operation and security issues, the website developed for streaming video content

from the NRLA archive had to be taken offline (eventually, Adobe withdrew technical

support for the format too, at the end of 2020). DVDs were also being superseded by

internet streaming services, so by 2020 a new set of access copies using the more

recent MPEG-4 file format (again, from the Motion Pictures Expert Group and which

uses the file extension .mp4) had been created. MPEG-4 is a good quality, widely

adopted format that can utilise the most widely used H264 codec (see below for more

about codecs), for sharing video online and these are the copies that are currently

made available for researchers visiting the Theatre Collection who wish to view video

content from the NRLA archive. We are also working on once again publishing these

online, where we have artists’ permissions to do so.

With the MPEG-4 access copies in place, the earlier FLV files are being disposed of as

they are surplus to requirements and FLV is not suitable as a preservation format.

(Returning to the earlier analogy, with our new set of quality facsimile copies, the

.mp4s, available for streaming, we can now dispose of the earlier inferior photocopies,

the .flvs.) However, we have decided to retain the MPEG-2 copies for the time being as

a ‘belt and braces’ back-up to the AVI files, until we are confident that all the AVIs have

successfully been ingested into Preservica. Fifteen years have passed since the

analogue video tapes were digitised, and the tapes will have deteriorated further

during this time. If an AVI file won’t play we may not be able to return to the original

tape to make another digital copy: the MPEG-2 file would be the only copy we have.   
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Possible Future Migration of Formats

But this is not the end of the file format story for the NRLA video archive. AVIs, as

noted above, are not an ideal preservation format and we are tentatively starting to

discuss whether we should migrate the proprietary AVIs within Preservica to the open

standards of the Matroska (MKV) format with the FFV1 (FF [Fast Forward] Video 1]

codec, once the ingest of the AVIs has been completed.  

Video files are complicated in having both a container or ‘wrapper’ which holds the data

and metadata, and a codec used to organise this data – to encode or decode it. File

extensions often refer to the container, and whilst some containers, such as .mpg for

example, use a particular codec, others like .avi can make use of different codecs. (The

AVI files in the NRLA collection, for example, largely use the v210 codec, where the

source is analogue U-Matic and VHS video, which is not recognised by all video playing

software. For the later MiniDV source tapes where the content is already in a

compressed digital format, the codec is DV Video ‘dvsd’.)  

The MKV/FFV1 combination is starting to emerge as a commonly shared standard in

use by archives – including by the British Film Institute - in much the same way as

TIFF/DNG did for photographs. It uses lossless compression (it compresses the file

size without removing data), which means that the files would take up about two-thirds

of the digital storage space of the AVIs making them more efficient and cost-effective

but without compromising on quality, and as a well-used open archive standard they

would be less at risk of obsolescence. 
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Understand your file formats

A free utility we have found useful for understanding the scope of our files at the NT

is Filelist from Jam Software. Running it from within PowerShell creates a list of all

files and subfolders from within a designated directory. This can be created with, or

without, file checksums, along with additional functionalities. The .csv (comma

separated values) output file can then be used with Excel’s Power Queries to provide

a closer look into a directory. This is done by splitting the comma separated values

from the Filelist into designated columns which represent the directory’s folder

structure.

This gives us the ability to filter between folder levels, file extensions or view files

ordered by size. This is incredibly useful when working with any number of files from

within a directory, as Excel functionality can be used to pinpoint inconsistent file

names, locate duplicates, or ‘see’ invisible system files which can also be picked up

by the Filelist.

NATIONAL THEATRE 
CASE STUDY
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Figure 2.1: snapshot of .csv file created by Filelist



Filtering to show JPEG/JPG assets only

One particular issue that Filelist and Excel help us mitigate, is when certain ‘illegal’

characters crop up in file names (examples include: &?*$,) which can cause issues

with our bulk ingests. We use customised Excel formulas to pinpoint file names

which include any unaccepted characters and can then go on to change these.

Overall, the combination of using Filelist and Excel has been incredibly helpful in

managing the large number of files we hold in our Archive directory. The functionality

that both utilities allow provides us with an in-depth snapshot of our digital files

which we use for comparison and consistency.

Lists of files can be used to create a detailed Digital Asset Register. These

documents were discussed in part 1 of this guidance and can be a useful starting

point in your digital preservation journey.

At the NT we also use the PRONOM database, attached to Preservica. This database

identifies file extensions and provides useful descriptions of how particular formats

are used.
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Figure 2.2: snapshot of .csv file filtered to show jpeg/jpg assets only

https://performingartscollections.org.uk/wp-content/uploads/2021/11/Digital-Preservation-Working-Group-Making-the-Case.pdf


Performing arts specific 

The image below shows file formats ingested into National Theatre Preservica

instance (August 2022)
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Figure 2.3: File formats ingested into NT Preservica live instance
(August 2022)

https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq


Our most common formats in the archive are image formats. We have a large volume

of digitised and born-digital photographs. These are predominantly in standard

formats such as JPEG and TIFF. Our file format report (produced using PRONOM)

interestingly tells us that we have a number of unique JPEG formats in our repository,

including a raw JPEG stream, the JPEG interchange file format 1.02 and 1.01. 

As the National Theatre has many different departments, the archive is required to

look after a wide range of formats covering the technical, cultural and administrative

outputs of the theatre. Some of the most challenging areas are the records created

by our production teams, including digital drawings.

We also advise departments on our file format preferences. For example, we have

requested that our Press department now send us online press clippings in

downloadable PDF formats, rather than as links, which can break or become

inaccessible over time. 

Moving image files have also proved complex. Some of our older .mov files are no

longer renderable using standard players. We are also having to migrate some of our

large master files to smaller .mp4 containers in order to make them renderable in our

digital preservation software. 

What to do with high risk assets

The NT Archive basement houses a cold store, which allows us to keep some

materials at a cooler temperature than others e.g. VHS, hard drives, HD Cams, film

reels, LTO tapes etc. This is the most basic level of preservation we undertake for

digital content.

We maintain out of date technology when required to allow us to play old formats

e.g., we have two reel to reel machines for tapes as well as VHS players. This allows

us to play the content to identify it if required in order to make a decision about

digitisation.
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https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq
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https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq
https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq
https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq
https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wbgtcs4ybsjq
https://docs.google.com/document/d/1bRq5-3yGfaw6A2SSTr1jxd_ngcFKCmQ143ivOoRMo10/edit#heading=h.wf3zn1vihk9


Through the work to develop a digital asset register, as discussed in the Part 1 Case

Study, we identified some high risk assets, which were in proprietary formats. For

example, the Digital Drawing team were using CAD files, which we cannot render in

the research room for researchers. We asked the Digital Drawing team to provide a

PDF-A version of the CAD files so that we could provide access to them in the

research room. We still stored the CAD files in case the team needed to use them

again in the future but we also ensured that there was a copy available for researcher

access.

We have previously identified out of date software that has been in use across the

NT and no longer supported by IT. One example was being used by the Press team to

keep track of production data such as cast, creatives and awards won. The NT

Archive team worked with the Press team to ensure that all of the data contained in

their database was held elsewhere in the Archive and was accessible. The only

information not held in the NT Archive were the awards so an export was done from

the software and this was imported into the CALM performance module, allowing us

to keep all of this data in a supported piece of software.

It was through identifying high risk assets and datasets that we were able to build a

digital preservation policy and a solid case for a digital preservation solution.
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Background 

This case study looks at how we gather and process information on the file formats

we hold within the records of the Centre for Chinese Contemporary Art (CFCCA). The

archive collection comprises the documentation created by the Centre since 1986.

The bulk of our archive collection dates from 1997 and around 70% of our current

holdings are born-digital records. Over the last three years we have been gradually

developing procedures to process our born-digital holdings with the resources we

have available. 

Identifying file formats 

We collect data on our born-digital holdings using reports produced by the DROID

software. The reports are created at the point materials are accessioned and to

review our entire holdings. The original reports are exported as comma separated

values (.csv) files. We also create copies of reports in Excel so they can be edited

during our monitoring and documentation processes. 

For new accessions, we used the report to check that all the file extensions are

correct using the extension mismatch warning column. If possible, we create copies

of the original files with the correct extension. We also review the file format count

column to ensure that DROID has been able to correctly identify the files within the

accession. In such cases we make sure the unidentified files can still be read and

review their file extensions to try to identify the general file format. 

We also use the information from the reports to maintain a master list of file

formats. This spreadsheet contains information on the Mime Types, PRONOM PUID

(Persistent Unique Identifier) and file extensions we have found within our

collections. The information is used to speed up the process of creating more

comprehensive reports and to keep the file format vocabularies in our database up

to date. 

CENTRE FOR CHINESE
CONTEMPORARY ART CASE STUDY
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On a yearly basis we also use the DROID software to create a report to help us review

all our digital holdings, including our semi-current records and our active file systems.

This report is used to inform our cataloguing plans as well as help us plan for future

digital preservation. We use DROID to review the contents of our archive server; our

semi-current file systems (currently in 3 different folders: legacy, photo, and video),

and the CFCCA active server. 

Using the lists from the master file format spreadsheet, we create two additional

sheets in the excel documents to collate data about file formats and file extensions.

Using the COUNTIFS formula, we can count the number of times the format appears

in the data produced by DROID. 

The data from the Excel documents is consolidated into a single spreadsheet which

provide evidence for our future digital preservation programme. 

File Formats
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Figure 3.1: View of the sheets in the master file format list

Figure 3.2: COUNTIFS formula



We use this data to produce an overview of our born-digital records and other records

which may be transferred to use in the future. Approximately around 70% of the files

in our archival and semi-current holdings are standard images formats; 16% word

processor documents; and 4% page layout files (such as pdfs).  A further analysis of

the types of image formats we have can be seen below: 

Over 90% of the images we hold are jpeg formats, but also our collections hold a

variety of file formats including tiffs, gif, png, bmps, and raw image formats. 

File Formats
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Identifying high risk formats 

Our born-digital holdings originate from back-up file servers and records held on

physical digital media. Our priority is to make sure that all materials on physical digital

media are back-up to our archive server to capture the records before the discs are no

longer accessible. We create DROID reports for each item recording the contents of

the media before and after it has been transferred to our server to carry out

checksums to make sure the records have transferred correctly. Although we can still

transfer the contents of CD/DVDs, we have found that some times DROID has

difficultly reading the data from older media. In such cases, we capture what we can

from the media and rely more on the report created from the backed-up files. We still

have a back log of items to work through and this tends to be a background task which

is carried out around other tasks. 

Current we only have the faculties to migrate common Office documents, most image

formats, and some video formats. We usually migrate records as part of our

cataloguing processes, however we do try to prioritise more high risk formats such as

video or older file formats. We can batch process image files, but other file formats

have to be migrated individually. If we do not have software which can open a file

format, we try to find an open source alternative we can use. There are file formats we

hold which we can not process at this time, but these will be regularly check to ensure

the aren’t corrupted and our future preservation plans will take these into account. 

File Formats
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Stay tuned for 
Part 5: Workflows & Mapping 

against NDSA Standards
to be published Winter 2022/23
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