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Executive Summary: 
 

This document “User Requirements and General Conditions” is establishing the rules along 
which the three application domains of the project will be oriented, namely “Content Streaming 
to Cinemas” in Chapter 2, “Digital Cinema Advanced Technologies” in Chapter 3, and 
“Advanced Digital Archives” in Chapter 4. Many orientations could have been followed but we 
decided to base our advances on a summary of opinions and wishes from the European Digital 
Cinema industry itself.  
We have tried to gather as many requirements specific to the European market as possible, our 
goal being to improve the standards forged by the Hollywood studios by clarifying, improving 
and adding the missing or incomplete directives and then to build a set of technologies and tools 
around them. 



 
 

Page 4 of 243 

 
Revision History 
 
Version Object Date Author(s) 
Draft, V1 Creation 26-MARCH-2007 P Correa 
Draft, V2 Update 01-APRIL-2007 P Correa 
Draft, V3 Update 12-APRIL-2007 P Correa 
Draft, V4 Update 13-APRIL-2007 B Michel 
 



 
 

Page 5 of 243 

TABLE OF CONTENT 
 
1 Introduction ...............................................................................................................6 
2 Digital Cinema Streaming to Theatres ......................................................................7 

2.1 Overview ...........................................................................................................7 
2.2 Requirements for Digital Cinema Streaming to Theatres ...............................17 
2.3 Summary of requirements ...............................................................................32 
2.4 References .......................................................................................................34 

3 Advanced Digital Cinema Experiences...................................................................38 
3.1 Introduction .....................................................................................................38 
3.2 Overview .........................................................................................................38 
3.3 User Requirements ..........................................................................................47 
3.4 Survey for Advanced Cinema Experience ......................................................54 

4 Exploitation of Archive Content .............................................................................60 
4.1 Overview .........................................................................................................60 
4.2 Current Situation .............................................................................................68 
4.3 The EDCine Film Archives Survey ................................................................94 
4.4 Requirements for Digital Film Archives.........................................................95 

5 European Cinema Content Distribution Model.....................................................113 
5.1 Introduction ...................................................................................................113 
5.2 Specificities of European Cinema Content Distribution ...............................113 
5.3 Digital Cinema Model ...................................................................................114 
5.4 European Cinema Content Requirements .....................................................117 
5.5 European Cinema Content Distribution Model.............................................117 

6 Annex I: EDCine UML Model for Digital Cinema ..............................................118 
6.1 DC MODEL ..................................................................................................118 
6.2 Level 1 ACTORS..........................................................................................135 
6.3 Level 2 Actors ...............................................................................................137 

7 Annex II : Surveys.................................................................................................139 
7.1 Survey for D-Cinema Streaming to Theatres (Chapter 2).............................140 
7.2 Survey for Advanced Cinema Experience (Chapter 3) .................................153 
7.3 Survey for Film Archives (Chapter 4)...........................................................208 

8 Annex III : The Film Formats and Colour Systems in Film Archives..................216 
 



 
 

Page 6 of 243 

1 Introduction 
 
The present document is the result of the compilation of “User Requirements and General 
Conditions” from all EDCine partners in three main domains: Content Streaming to Theaters 
(Chapter 2), Advanced Cinema Experiences (Chapter 3) and Digital Cinema Film Archiving 
(Chapter 4). It represents the first six months of the EDCine Project.  
For each one of the different fields that are tackled in each chapter, the user requirements and 
general conditions are gathered in two different approaches: firstly by gathering the partners 
vision on their specific fields, and secondly by gathering as many opinions as possible from 
European cinema professionals. This latter approach has been achieved using three different 
Surveys, that are presented, along with their results, in their respective chapters.  
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2 Digital Cinema Streaming to Theatres 

2.1 Overview 
2.1.1 Introduction 

The combination of a number of recent technological developments (such as high-performance 
film scanners, digital image compression algorithms, high-speed data networking and storage, 
and advanced digital projection) has allowed many demonstrations of what is called “Digital 
Cinema” (D-Cinema, DC) [SHD05]. Digital Cinema allows the convergence between new 
technologies and Cinema: it may be intended as the replacement of celluloid based distribution 
and projection with digital technologies. Compression systems for Digital Cinema will need to 
meet requirements that are focused on replacement of film-based media while also improving the 
image quality, and providing enhanced security [Hus04]. 

A digital cinema system can be divided into four stages: mastering, transport, storage&playback, 
and projection. At the mastering stage, the movie is compressed, encrypted, and packaged for 
delivery to the theatres. The data is then transported to the exhibition site, where it is decrypted, 
uncompressed, and played back [BIL06]. 

In this framework of technological achievements coming from industries and research 
organizations, Digital Cinema Initiatives LLC (DCI) [DCI05] is a new entity created by several 
studios, with the primary purpose of establishing uniform specifications for digital cinema. 

A DCI movie file is an ordered collection of compressed images, as well as some additional 
audio and data tracks; the original data, uncompressed represent the so called Digital Cinema 
Distribution Master (DCDM). As concerns video only, its final compression rate corresponds to 
a total encoded maximum bit rate of 250 Mbit/s, whereas audio is left uncompressed and can 
achieve a bit rate in the order of 20 Mbit/s. After video compression, all tracks are encrypted and 
packaged into a particular format (Fig. 1), called Digital Cinema Package (DCP), with a rate up 
to around 300 Mbps.  

Video 
DCDM

Audio 
DCDM

Subtitles 
DCDM

Auxiliary 
DCDM

Compression

Encryption Packaging
DCP

250 Mbps

20 Mbps

415 Gbytes for a
3-hour feature

 

Fig. 1 –DCI movie package preparation starting from the master audio, video, and data tracks. 

The DCI specifications [DCI05] state that the transport of DC content (defined as the movement 
of the packaged Digital Cinema content) from an origin site to theatres can be accomplished in 
many different ways, and the Distributors may select the method that is both economically and 
technically robust to ship their content to the theatres. This can include either the use of physical 
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media or wired/wireless network distribution. In the latter case, Distributors rely on the service 
provided by a Network Service Provider (NSP), which, in this case, becomes a new actor in 
Digital Cinema business. 

Clearly, any selected method must guarantee a secure environment for the content as well as no 
data corruption: the DCI system uses encryption in order to protect audiovisual contents from 
unauthorized copying and illegal distribution. In more detail, the content owner’s encryption is 
required to not be removed during transport, and the files are required to retain all of the data of 
the original files. Also, segmentation of the content may be done in order to accommodate 
contents in storage devices or to deal with bandwidth constraints. 

To sum up, the transport fundamental requirements to account for are 

− security: the content owner’s encryption is required to not be removed during transport; 

− robustness: the files are required to retain all of the data of the original files upon completion 
of transport of the Digital Cinema content. 

Similar specifications have been delivered by EDCF (European Digital Cinema Forum) that 
recommends [EDCF03] “… the distribution system has to be secure across any chosen transport 
mechanism. Transport can be via satellite, data tape, hard disk, fibre optic, etc.” 

From the NSP perspective, the objective is to optimize the usage of network resources while 
satisfying the quality of service constraints (targeted to the service provided), along with keeping 
the overall management costs low. One of the main criticalities of the system is the huge size of 
the contents to be transported. 

Clearly, the output interface of the transport system is required to be interfaced with the Digital 
Cinema Storage in the theatre. Theatre Systems for Digital Cinema incorporate all of the 
equipment (projector system, storage servers, sound systems, management systems, security 
management system, and so on) required to make a theatrical presentation inside an auditorium 
located within a theatre multiplex. 

One of the key aspects for user fruition of the D-Cinema content is represented by the timely and 
high-quality delivery of the movies or live events, in a operating scenario where the head 
distribution site feeds one or more theatres. DC contents may be delivered to the theatres by 
using several wired (e.g., xDSL, fibre) and wireless (DVB-S2 [DVBS2], and WiMAX 
[WMAX06][Gho05]) technologies (see Fig. 2), depending on their geographical location and 
projection equipment. 
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Fig. 2 – Possible scenario for the delivery of DC contents from the production site to theatres. 

In Europe, some research projects [ESCR03][WSCR04] are addressing the whole DC chain and 
they are evaluating both satellite and WiMAX as distribution technologies. Also, experiments 
have been produced, but involving only standard definition video broadcasting over such high 
speed wireless connections (e.g., WiMAX [Hill06]). Another experiment, involving the 
transmission of High Definition content, has recently been performed during the 2006 Sundance 
Film Festival [Sund06], where the premiere of a documentary has been wireless streamed to a 
live audience. In this case, a geographical wireless broadband point-to-point backhaul has been 
utilized, based on a WiMAX network consisting of base stations, antennae and subscriber 
stations.  

Due to the very high bit rate required for the transmission of Digital Cinema (up to 5-6 Gbit/s), 
lossy compression of the video stream is required, and the JPEG 2000 standard [Lee05] has been 
chosen as source (lossy) coding method [DCI05], due to its higher image quality when compared 
to other ones. When compressed, the rate can range from tens to hundreds of Mbps. In particular, 
the DCI system uses an hierarchical image structure that supports both 2K and 4K resolution, 
where 2K and 4K image profiles stand for 2048x1080 pixels and 4096x2160 pixels per frame, 
respectively. As a consequence, DCPs can be prepared at 4K resolution, and projection can take 
place both at 2K and 4K resolution, depending on the decoding and projection equipment 
capabilities. 

JPEG 2000 has many advantages, compared to its predecessor (i.e. JPEG); in particular some, of 
its features are: 

− higher compression ratio while keeping a comparable quality; 

− ability to encode with both lossless and lossy compression; 

− progressive transmission by different spatial resolutions, components, and image qualities 
(layers); 
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− random access to compressed content, composed of JPEG 2000 data packets (not to be 
confused with network packets), which represent a set of compressed data sharing some 
characteristic; 

− possibility to integrate error protection for noisy environments (such as wireless 
transmission), either by means of embedded error resilience or added redundancy (JPEG for 
Wireless extension – JPWL [JPWL]). 

In addition to the use of storage devices to transfer movie files, the use of network transfer 
allows for applications such as live events (real-time) projection and pre-recorded movies 
distribution. In this cases, additional methods for a further reduction of the bit rate must be 
adopted, especially in the case of live events delivery. 

The delivery of JPEG 2000 compressed video is a well known challenge for wireless IP 
networks [4KStr06][San02][Fre03]. In the case of TCP, the variable delay is unacceptable for 
many types of real-time applications. D-Cinema will introduce even more stringent conditions, 
in terms of both required bandwidth and high quality demand. As concerns the distribution, the 
requirements can be specified in terms of small bandwidth occupancy and reliable transmission. 

Clearly, the DC content distribution architecture may also span beyond the wireless access 
section of the network to include the network transport within a wired core IP network. Also in 
this case, the main criticality is represented by the huge dimension of data to be transferred with 
Quality of Service (QoS) constraints. 

2.1.2 Streaming Services 

2.1.2.1 Distribution of Pre-recorded Movies (Movie-on-Demand) 

In classical film-based cinema, distribution costs encompass a number of items, such as 
duplication/print and the physical shipping of reels to the theatre [Hus04]. Moreover, printing 
costs may vary depending on the release size and the expected audience, favouring large 
distributions with respect to smaller ones. With the advent of DC, instead, the expense of 
delivering a file to a theatre multiplex results to be inversely proportional to the number of 
screens on which it will be projected: a single file can be shared among all the screens, greatly 
reducing the expenses. Such a cost reduction can be used for the investment in purchasing DC 
equipment, leasing dedicated high speed network connections, and converting from the current 
analogue system. The high initial investment, however, still may be considered as a slowing 
factor, from the theatre-owners point of view. The savings achieved by switching to file delivery 
instead of film distribution become less significant if, for example, the entire uncompressed 
movie has to be delivered by means of hard drives, since this is going to cost as much as the 
traditional method. The real savings could be achieved only if data compression in conjunction 
with broadband network connections are used. 

Recently, a number of European projects have faced these problems. For example, the 
ESA-Project E-Screen [EScr03] has implemented a “Theatre Pilot Service Phase”, which in 
addition to the main movie contents, has offered also music, theatre, sports, conferencing [Elsa]. 
In this case, a satellite broadband system has been used for simultaneous content delivery 
towards a small number of theatres across Italy and Europe. This experience aimed, beyond 
other things, to verify the feasibility of the quality parameters. Nevertheless, the expectations in 
the quality of the network services are well illustrated, and the mentioned experiments have 
verified the use of satellites as a valid network solution.  
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In the framework of the IST-Project WorldScreen [WSCR04], T-Systems has conceived a pan-
European network for the satellite distribution of DC contents [TSys05]; this service includes the 
broadcasting, storage and administration of digital movies. Satellites from SES ASTRA network 
are used to feed the projection sites; the movie, in DCP format, is sent encrypted from the 
broadcasting centre to a central server in the cinemas. A monitoring system controls the absence 
of errors and the integrity of the received files [TSys06]. The satellite link is quite interesting for 
its intrinsic broadcast capabilities, but presents some issues regarding the correct download to all 
theatres (which, in principle, may have different channel quality). As for content integrity, T-
System adopts a mechanism of selective retransmission of file portions (junks) via a dedicated 
link to the single theatres. Outside Europe, the satellite is currently envisaged as the preferred 
distribution method for DC, as many analysts say [Space06]. In the past, commercial use of 
satellite technology for the movie distribution market has had little success. For example, Boeing 
Digital Cinema began as early as 2000 with its own system, but soon faced difficulties, mainly in 
finding digital content to distribute and theatre owners willing to pay for the digital upgrade: they 
ended up to be acquired by another company, AccessIT inc., in March 2004 [BOE04]. 

One of the main obstacles to the development and success of Digital Cinema was the lack of a 
common standard for digital movie files: only in July 2005 the first, stable specifications from 
DCI have been released [DCI05]. 

Afterwards, Microspace has delivered in March 2006 the first digital film via satellite using the 
DCI-compliant JPEG 2000 format [Micro06]. Even AccessIT has gained momentum, by 
completing a large number of DC installations [Acc07] which are served by two-way satellite 
distribution technology. Thomson and Technicolor have recently announced the deployment of a 
wide digital cinema network in North America, encompassing a large number of screens 
[Thom06]. For a similar project, related to the deployment of advertising services for cinema 
chains, Thomson used its SkyArc Electronic Content Distribution service, which is based on 
satellite delivery of digital contents from a Network Operation Centre (NOC) to the destination 
sites [Thom05][Sky05]. Also in Japan, after the finalization of DCI specifications, an 
international field trial aimed at commercial exploitation has begun in 2005 [NTT05], the main 
purpose being to implement and test the DCI Digital Cinema System Specification. In this case, 
a fibre network test-bed has been configured to send DCI-compliant DCP containing feature-
length movies from California to distribution servers at NTT's Data Centres in Japan. The DCP 
is then distributed via NTT's domestic fibre optic networks to cinemas where secure digital 
playback systems are used to project feature movies, regularly, for paying customers. 

In conclusion, apart from the above referenced pilot projects, a large number of digitally 
equipped theatres are using hard drives or similar techniques to play the movie, rather than 
receiving the film via either satellite or wired connections. The current way of shipping contents 
is due to the idea that only if a large number of sites were addressed the alternative (i.e., the 
network transport) would become economically viable (Fig 3.). Possibly, theatres will keep using 
hard drives to transport contents, and then they will switch when the technological issues will be 
solved. Moreover, the issues posed by the regular network transport towards a large number of 
theatres are definitely more challenging than the ones associated with the current delivery trials 
of a single film between the transmission site and very few receiving sites. 
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Fig. 3 – Possible scenarios for DC delivery from the production to the exhibition site. 

2.1.2.2 Live Events Delivery  

DCI specifications do not include live event distribution, which may be defined as other types of 
entertainment displayed on a large screen in a theatrical setting. Common applications are 
sporting events such as football and soccer, concerts and stage plays, and potentially large-scale 
interactive gaming events. Image compression requirements for this “alternative” content will be 
determined by the originator and distributor of the content. Alternative content will generally be 
presented in real time or in near-real time. This lack of content persistence is an important 
consideration for image compression requirements that differentiate alternative content from 
Digital Cinema. In this case, the bit rate of the stream is definitely lower than the one of pre-
recorded movies. A higher compression ratio may lead to a value in the order of some tens of 
Mbps, which, however, is quite high to be transferred through an IP network with stringent QoS 
constraints (end-to-end delay, packet loss rate, and delay jitter). 

In [SHIM], Authors describe the world’s first real-time, international transmission of both 4K 
digital cinema and 4K Super High Definition (SHD) digital video performed during iGrid 2005, 
the 4th biennial International Grid event [IGRID]. At iGrid 2005, 4K was streamed “live” over an 
IP research network of high-performance optical fibre links, between the USA and Japan 
spanning 15,000 km, at a bit rate of 200–450 Mbps using real-time JPEG 2000 compression and 
the UDP transport protocol. Different kinds of content were streamed from Keio University to 
University of California at San Diego, including (i) pre-rendered computer animations, (ii) 
materials shot with 4K digital motion picture cameras and digital still cameras, (iii) real-time 
computer-generated visualizations, and (iv) digitally scanned 35 mm and 65 mm motion picture 
films. Some applications shown during the trial were: telepresence, distance learning, scientific 
visualization, and so on. In [SHIM], the attention is focused on the configuration of an end-to-
end 4K system capable of live capture, real-time JPEG 2000 codec, real-time multicast 
streaming, and large screen projection. Each stage should add as less delay as possible. The most 
challenging phase is the real-time JPEG 2000 codec; in fact, uncompressed streaming of 4K 
motion pictures requires a data rate up to values larger than 6 Gbps, whereas the overall flow 
must go through 1 Gbps links. The iGrid demonstration utilized prototype JPEG 2000 codecs 
designed to compress and decompress 4K digital video in real time to 200–450 Mbps for direct 
connection to gigabit IP networks. 
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Also, some experiments have been carried out by Elsacom [Elsa], in the framework of the 
project E-Screen [EScr03]. In the experiment performed in March 2004, a real-time transmission 
of a rock concert was offered to the public on two Warner Village screens in Rome and Milan. 

Another example of streaming of live event is IP-TV, commonly developed in a large number of 
countries. The playback of IP-TV requires either a personal computer or a “set-top box”, a 
device that connects some external source of signal to a television and turns the signal into 
content that could be displayed on the screen. The standards used to compress video content are 
MPEG-2 or MPEG-4, with a bit rate of few Mbps.  

2.1.3 Network distribution of Digital Cinema  
A Content Distribution Network (CDN) consists of an Origin Site (OS), where the content is 
created or first stored, and a number of Surrogate Sites (SS) where such contents are partially or 
completely replicated. The goal of this architecture is to move contents “close” to potential 
requesting users. This allows the easy content distribution since it alleviates congestion at servers 
and at network links. Such an architecture can be envisioned in the framework of the distribution 
of pre-recorded movies to partially overcome the drawbacks due to the large file size. 

The operational components of a CDN are [VERM]: 

− a number of CDN sites storing contents and a networking infrastructure connecting them; 

− a routing system to distribute users' requests, on the basis of the NSP policy and specific 
contents requested. The goal of routing devices is to route requests to the most appropriate 
site; 

− a delivery network infrastructure to move data from SS to clients. The network infrastructure 
consists of a core network and one or more access network technologies; 

− a procedure to manage contents replication in SSs; 

− an accounting system to collect data for statistical analysis and billing. 

A CDN can also be seen as an overlay network, i.e., a network operating on top of a traditional 
IP network infrastructure. It is a virtual network of nodes and logical links. The network 
elements, in charge of storing, distributing, delivering and routing data, constitute the overlay 
network of a CDN. In order to comply with security and quality of service issues, connections 
between OS and SSs can be realized with VPNs [DANI]. If security and quality has to be 
extended up to CDN users, then the use of VPNs may be envisaged between SSs and users as 
well. 

2.1.3.1 Core Network  

The user requirements on the core network can be investigated by an analysis of the current 
network solutions and capabilities in the context of Digital Cinema. Despite the satisfactory 
performance of satellite systems, recently researchers have focused on the possibility of 
simplifying the distribution of Digital Cinema and reducing the relevant costs. Clearly the first 
glance was towards the Internet, but the quite trivial consideration is that the performance 
limitations on the network are incompatible with the huge file size and performance guarantees 
required by DCI, EDCF and whatever system delivering Digital Cinema. Nevertheless, this does 



 
 

Page 14 of 243 

not exclude neither a suitable engineering of IP networks nor other alternative techniques used in 
terrestrial networks.  

A pioneering experiment was performed by NTT in October 2002. They developed a prototype 
SHD (Super High Definition) digital cinema distribution system able to transport motion pictures 
over long distances through the Internet2 network [YAMA]. They used enlarged TCP window, 
multiple TCP parallel connections, and a shaping function to control the data transmission. By 
means of this network, they succeeded in transmitting contents at about 300 Mbit/s between 
Chicago and Los Angeles, a distance of more than 3000 km and seven router hops; the 
bottleneck was the access links (Gigabit Ethernet). Quantitative evaluations/analyses of the 
throughput in terms of Round Trip Time, TCP window size, and TCP connection number were 
not completely satisfactory and left to further study. The IP network instability and poor 
controllability were probably among the causes of the problems encountered during the trials. 

In case of distribution of live events to theatres, an important consideration applies to the quality 
of the transfer service. As is well known, IP protocol only provides best effort service. Traffic is 
processed as quickly as possible, but there is no guarantee as to timeliness or actual delivery. 
With the rapid transformation of the Internet into a commercial infrastructure, demands for 
service quality have rapidly developed. In the case of live event delivery, it is necessary a 
suitable QoS support, essentially in terms of delivery time, jitter, and packet losses; clearly, time 
constraints are even more stringent if the application is interactive. In the case of pre-recorded 
movie distribution, the QoS support is desirable to maintain high levels of throughput for each 
data flow in order to ensure a maximum download time. Thus, in case of adopting an IP 
backbone network, it is necessary to equip network nodes with specific QoS-enabling techniques 
and protocols, and network engineering tools. The integration of all these requirements in the 
challenging environment of Digital Cinema needs a specific research and design activity. For an 
excellent tutorial about QoS in IP networks, see [XIAO]. In this regard, MultiProtocol Label 
Switching (MPLS) mechanism has recently emerged as an elegant solution to meet the 
requirements of the backbone of IP networks. MPLS is a protocol able to run below IP and on 
top of several layer 2 technologies (PPP, SDH/SONET, Ethernet). It allows creating connection-
oriented paths (Label Switched Paths, LSPs) with resource reservation within IP-based networks. 

It is also worth mentioning that a proposed approach for video distribution is based on circuit 
switching instead of packet switching. In this view, in order to alleviate the well-known 
limitations in resource managing flexibility in circuit switching networks, the DTM (Dynamic 
Synchronous Transfer Mode) technology has been proposed by Net Insight [FiNE]. It 
implements the concept of high-speed circuit switching, with specific capabilities for dynamic 
bandwidth allocation. Nevertheless, DTM application to core networks, in particular to large 
scale networks, is not given for granted due to both backward compatibility with existing 
infrastructure and no specific needs of frequent and granular changes on allocated bandwidth in 
the backbone, which is typically based on SDH/SONET. On the contrary, for small and medium 
scale networks the DTM capabilities are more interesting.  

It is also worth noting that DC transport can consume a large amount of network bandwidth not 
only because of the volume of the transmitted data, but also due to the number of receivers. Thus 
multicast transmission is very useful in a scenario like that of live events delivery. Also in 
IP/TV, contents are typically sent in an MPEG-2 Transport Stream delivered via IP Multicast in 
case of live TV, whereas they are sent via IP unicast in case of video-on-demand. The IP/TV 
works with low bit rate (in the order of some Mbps), not comparable with DC flows. In the 
framework of Digital Cinema, in the iGrid 2005 trial [SHIM] (described in the previous section), 
the multicast streaming was realized with a prototype systems called “Flexcast”, that enabled 
multicast delivery over traditional unicast networks. “Flexcast” [TMTA][ITIM][ITTM] is a 
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mechanism to provide large scale multicast distribution services over IP networks for all types of 
streaming media; it uses only unicast UDP packets, so it can work in networks that do not 
support IP multicast routing. In Flexcast, multicast packets are replicated at each router like IP 
multicast. However, Flexcast is implemented in the layer above the network layer; the multicast 
stream is transmitted by unicast between routers that support Flexcast, and bypasses routers that 
do not support it. 

As for security of the transfer of both data and encryption keys (Digital Rights Management, 
DRM) the use of Virtual Private Networks (VPNs) can be foreseen. A VPN is a private data 
network that uses a non private data network to carry traffic between remote sites 
[DANI][COHE]. An “Intranet VPN” establishes network layer connectivity between remote 
Intranet sites by creating an IP overlay network over the non private network, using various 
tunnelling mechanisms. The network is virtual as it appears to the customer to be a separate 
dedicated physical network but it exists over a shared network infrastructure. 
Telecommunications industry analysts have predicted that there will potentially be significant 
revenue growth for telecommunication carriers who offer IP VPN services [COHE]. This 
prediction is undoubtedly based on the premise that companies and businesses have 
fundamentally changed the way they do business by increasing the adoption of IP based intranet 
applications. Companies are increasingly moving their current applications, including mission-
critical business applications, onto their intranets. These intranets need to extend over the WAN 
as opposed to solely LAN environments, not only due to geographical location of offices but also 
to allow corporate network access for remote and mobile users.  

2.1.3.2 Access Network  

The user requirements on the access network will be studied considering the already 
implemented network solutions, and the coming ones, in the DC context. Broadcast by satellite 
may eventually become a dominant delivery method as distribution infrastructure details are 
fine-tuned. 

But for smaller theatres and smaller population distributions, the use of broadband network 
distribution (fibre optics, xDSL) and hopefully of wireless networks (Wi-Max 802.16e) will 
become viable. These solutions need to be evaluated. Do all have sufficient bandwidth to deliver 
these data files to theatres ? Is security guaranteed ? 

Different types of access network architectures could be used, each one having different pros and 
cons features. 

 
Unidirectional broadcast access networks 
They rely on satellite or terrestrial DVB networks, and cover a large area (national or regional) 
able to reach multiple receivers sites. They are efficient for live streaming (up to 36 Mb/s). For 
file transfer, they should use unidirectional carousel techniques to ensure the error free reception 
of the files. Unidirectional carousel consists in dividing the files in small numbered packets and 
sends them several times, protected by an additional robust FEC. 

It could be costly to reach and deploy the transmitting site, but the receiving sites are easy to 
integrate, and no additional intermediate access infrastructure is needed. 

 
Hybrid broadcast/telecom access networks 
By adding a return channel link (for example: ADSL) to the broadcast network, the efficiency 
for the file delivery could be strongly improved. In that case, the carousel file transfer application 
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is bidirectional. It can use the return channel link to report the lost packets. Only these packets 
are sent in the subsequent broadcast transmissions, saving an important bandwidth capacity and 
speeding the complete reception. At last, if there are still theatres that missed some packets at the 
end of the broadcast carousel, it is also possible to get them through the point to point telecom 
access. 

 
Wired access networks 
Fibre optics transport networks are good candidates for an efficient access, with high data rates 
(more than 1 Gigabit/s) associated to high Quality of Service (QoS). But they are not always 
available at the last mile. This last mile is usually covered by XDSL copper links (usually up to 
20 Mbits/s), which drastically decreases the quality. 

 
Wireless access networks 
They are based on microwave links (PDH/SDH or WiMax) up to the end-user, or the last hop 
could be covered by a base station (WiMax, Wifi) and antennas to reach several users. Wifi is 
designed mainly for local indoor coverage, replacing an Ethernet LAN. WiMax based networks 
are more interesting, covering both area of wireless links and base stations/terminals. Wimax is 
cheaper than classical radiocom links (equipment, licenses, ...), but the data rates that could be 
achieved are lower. A commonly held misconception is that WiMAX will deliver 70 Mbit/s, 
over 70 miles (112.6 kilometers). This is true in ideal circumstances. They are, in practice, 
limited to 20 Mbit/s for 802.16d, and even less with the 802.16e standard (mobility). In line-of-
sight environments, you could deliver symmetrical speeds of 10 Mbit/s at 10 km, but in urban 
environments, it is more likely that installations may be non-line-of-sight, and therefore users 
may only receive 10 Mbit/s over 2 km.  

 

For rural area where distance is an important parameter, SDH/PDH radiocom links are more 
efficient, and rural WiMax base stations are often connected to such a backhaul network. Since 
one or two years, these radiocom links are becoming more attractive as they integrate two new 
major functionalities: 

− They integrate a switched Ethernet interface with VLAN priority filtering (802.1p 
mechanism) 

− They propose an adaptive modulation technique that can increase the efficiency if correctly 
used, as presented below. 

Adaptive modulation is the ability of the equipment to seamlessly switch from a high data rate 
modulation to a lower robust modulation. The principle is to design a link to be quasi error free 
at low data rate (i.e.: 99,999 % of the time 34 Mb/s) and use it most of the time (i.e.: 99,97%) at 
higher data rates (180 Mb/s). This functionality associated to the VLAN priority mechanisms 
could be very useful for streaming hierarchical codecs. 
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Fig. 3a – Adaptive modulation. 

 

2.2 Requirements for Digital Cinema Streaming to 
Theatres  

As for requirements regarding networking aspects which concern the network distribution of DC 
content, we can classify them into two categories: requirements which are strictly technical and 
objective, and requirements which come out from the specific vision of each NSP and Exhibitor 
about the DC world. The former set is obtained by analysing the objective problems of network 
transport of DC contents, whereas the latter set is obtained by processing the output of the survey 
submitted to experts belonging to NSPs (see Annex 7.1) and Exhibitors (see Annex 7.2). The 
survey for NSPs is organised as follows: the first set of questions is quite general and aims to 
investigate the interest in D-Cinema, along with the network infrastructure currently deployed 
and managed. The second and third groups of questions are specifically related to the distribution 
of pre-recorded movies and live events, respectively. The fourth set of questions is relevant to 
some issues relevant to the network infrastructure inside theatres, deeply investigated in 
[DCI05]. Finally, the last points aim to have possibly contacts information from companies. 

Please note that the aim of the questionnaires is fourfold: (i) to get some feedbacks on the feeling 
of experts about the DC world, (ii) to have a picture of the state of the art about the technologies 
currently deployed, (iii) to draw our conclusions on a number of issues which are not strictly 
objective but depend on the specific way in which the operators would like to manage the DC 
distribution service, and (iv) to confirm a number of objective requirements. 

As for answers got from questionnaires, we remark that we had a number of feedbacks from 
experts, representing their personal opinion and feeling about Digital Cinema (feedbacks from 
people working in the same company have produced different answers to some questions). In 
fact, in most cases it was quite hard to reach high-level managers to have the official position of 
companies. For this reason, we had no significant feedback about the willingness of NSPs to 
invest in network distribution of Digital Cinema. The general impression got from survey is that 
NSPs are interested in the DC distribution, but, as expected, most of them have not started the 
design of the relevant network platform yet.  

The main outcomes of the questionnaire are reported in the sections below in the analysis of 
system requirements. 
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2.2.1 Requirements for Network Service Providers 
This section, relevant to requirements for NSPs, is organized as follows. First of all, we present 
the service requirements for the distribution of pre-recorded movies and the delivery of live 
events in Section 2.2.1.1 and 2.2.1.2, respectively. Then, we present the requirements for the 
core and access network of NSPs in Sections 2.2.1.3 and 2.2.1.4, respectively. Finally, in Section 
2.2.1.5 we present the requirements for the network distribution of DC contents inside theatres. 

2.2.1.1 Distribution of Pre-recorded Movies 

QoS requirements 

− security: the content owner’s encryption is required not to be removed during transport. This 
is a basic requirement, also stated by the DCI requirements [DCI05];  

− robustness: the files are required to retain all of the data of the original files upon completion 
of transport of the Digital Cinema content. This is a basic requirement, also stated by the DCI 
requirements [DCI05]. In the download&play mode, TCP-based transfer ensures content 
integrity; 

− segmentation: content splitting in data chunks may be done in order to accommodate 
contents in storage devices or to deal with bandwidth constraints. This requirement is also 
stated by the DCI requirements [DCI05]. This flexibility may allow performing parallel 
downloading (e.g., see [ROBI]) to reduce download time; 

− download time: one of the main criticalities of the system is the huge size of the contents to 
be transported. For instance, the average bit rate may rise up to values around 300 Mbps for 
compressed image, uncompressed audio and subtitle data; this means that the size of the file 
of a 3-hour film could grow up to values next to 400 GBytes [DCI05]. Thus, the network 
transport has to guarantee a maximum download time for each content file. In principle, such 
a constraint may be agreed in advance between the NSP and the theatre administrator. From 
the survey results, we can see that the exhibitors would like to download movies within 
twelve hours (see Fig. 4a), and NSPs are confident to guarantee a maximum download time 
lower than twelve hours. 

Download time (exhibitors)
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43%

14%
0%
0%

6 hours
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24 hours
> 1 day
case-dependent

 
 

(a) 

Download time (NSPs)

45%

33%

0%
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22%
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12 hours
24 hours
>24 hours
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(b) 

Fig. 4 – Feedbacks from survey: download time: (a) exhibitors, (b) NSPs. 

− multiple image quality levels: the service might be provisioned with multiple audio/video 
quality levels, in order to allow theatres with different projection equipment and/or different 



 
 

Page 19 of 243 

access link speeds and/or different storage capabilities to provide their customer with the 
service; this is partly addressed by the DCI specifications, since different video resolution 
levels (i.e., 2K and 4K profiles) can be extracted from the DCP file. This technique was 
conceived to allow the distribution of 4K DCP files and the consequent playback also on 2K 
projectors, but it could be possible to extend it to any situation where lower quality streams 
should be delivered. One should bear in mind that from the point of view of the content 
security, this may pose some serious problems since it should be necessary to extract and 
process portions of the encrypted file. In a less optimized way, and considering the 
constraints on distribution bandwidth and storage resources, 2K-only DCP and 2K/4K DCP 
could be natively prepared and encrypted, fulfilling both the security and quality layering 
requirements. 

− reliability: the percentage of service requests which cannot be served despite the correct 
booking advance has to be maintained negligible. Fig. 5 shows the outcome of the 
questionnaire (percentage of service requests to be served). 

Reliability
0%
0%
0%

37%

25%

38%

80%
90%
95%
99%
100%
don't know

 

Fig. 5 – Feedbacks from NSPs survey: reliability. 

Service provisioning requirements: definition of a number of entities/procedures to perform the 
distribution of the content from the original repository to the theatres. The architecture for 
content distribution is typically named CDN (as explained in section 2.1.3.3). It may have a 
hierarchical structure, where the first level corresponds to the OS (i.e., the main archive), and the 
last one corresponds to the theatres themselves.  

− number of mirrors: in order to alleviate OS congestion, a number of surrogate servers (SSs) 
positioned between the OS and the storage system within theatres is envisaged. This would 
also allow managing efficiently network resources. Results from questionnaires evaluate very 
positively the deployment of a number of mirrors, instead of the presence of a single central 
content repository (see Fig. 6). In addition, as for the transfer service towards theatres, we 
identified two options: (1) contents are directly streamed from mirrors to projectors within 
theatres; (2) contents are first stored into content servers inside theatres and then projected 
(download&play mode). Results from the questionnaire state that the second option is 
preferred (see Fig. 7). In fact, option (1) implies very hard QoS requirements and is less 
suitable for this kind of service (pre-recorded movie distribution), since the bit rates may 
reach values up to hundreds of Mbps; 
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Fig. 6 – Feedbacks from NSPs survey: multiple mirrors deployment. 

Option 1: direct streaming
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Option 2: file transfer
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Fig. 7 – Feedbacks from NSPs survey: option 1 vs. option 2. 

− content management: definition of a policy to distribute and to manage contents among the 
OS and SSs. In particular, there are mainly two data sharing schemes: (i) the replicated copy 
scheme, according to which a full copy of data is maintained in each site of the CDN; (ii) the 
caching scheme, in which data at the surrogate sites need not to be a full replication of 
contents stored in the OS, and only a part of the contents is replicated (e.g., only a subset of 
movies are stored in each SS). The content distribution from the OS to SSs may happen 
according to two basic policies: (i) the pull-mode, according to which SSs request data 
updates when needed, and (ii) the push-mode, according to which the data distribution to SSs 
is initiated by the OS; 

− service request routing: definition of a routing system to distribute users' requests, on the 
basis of a number of factors, e.g., the specific contents requested, servers load (load 
balancing), and network congestion (congestion control). The goal of routing devices 
(typically named 4-7 routers or decision makers) is to route requests to the “best” site, 
according to a given metric able to account for the aforementioned factors; 

− service requests timing: definition of a time schedule to process service requests. The NSP 
has to provide the Exhibitors with a set of time windows during which the booking may 
happen. The value of booking advance time will depend on the time needed to (i) run the 
optimization algorithm to distribute requests among mirrors and (ii) set-up network 
resources. In this regard, the results from NSP questionnaire (see Fig. 8) do not provide any 
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strong direction. We can say that a value lower than twelve hours is suggested. Feedbacks on 
the exhibitors’ side (see Fig. 11-a) give more relaxed times (up to a week); 

− booking mode: definition of a suitable interface to book movie download. Feedbacks from 
the questionnaires show a very strong interest in a web-based booking interface (see Fig. 9). 
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Fig. 8 – Feedbacks from NSPs survey: booking advance time for pre-recorded movies. 
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Fig. 9 – Feedbacks from survey: booking interface. 

2.2.1.2 Live Events Delivery  

QoS requirements 

− security: the content owner’s encryption is required to not be removed during transport. This 
is a basic requirement; 

− packet loss guarantee (robustness): the received streams are required to retain all of the data 
of the transmitted live stream; this translates into negligible packet loss into network nodes. 
This is a key requirement for a streaming service. In principle, robustness can be guaranteed 
in two different ways: (i) the data transfer is managed by TCP; (ii) the data transfer is 
managed by UDP coupled with resource reservation within the network. In both cases a 
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playout buffer at the destination is needed to equalize variable end-to-end delays. Clearly, 
with the first option, such a playout buffer should be much higher, since TCP transfer 
typically leads to highly variable end-to-end transfer delay. Packet losses, in certain 
conditions (e.g., network congestion or noisy wireless access channel), have an immediate 
effect on the content presentation, in terms of visible artefacts on video or audio glitches. The 
expected degradation, on the exhibitor side, depends on the specific case: for example, for a 
sport event it is better to have a degraded audio rather than video, whereas during the 
transmission of a concert the opposite applies;  

− no segmentation: content splitting of the transmitted stream in multiple streams (with lower 
bit rate), which cross the NSP domain with (likely) different delays, is not allowed; in fact, 
this would require a severe processing at the receiver and would result in increased end-to-
end delay; 

− guaranteed average/maximum delay and delay jitter: in order to have a true live event 
streaming, the service has to be provided with a guaranteed bound on average/maximum 
delay and delay jitter. From questionnaires results, it seems that current networks are able to 
support the transfer of streams of the order of some tens of Mbps with an average delay of 
some milliseconds and a maximum delay up to some seconds; these values are quite 
dependent on the congestion status of the network (which could be intrinsically highly 
variable), and on the transport solutions (e.g., satellite vs. terrestrial networks, 
over-provisioned vs. engineered network, etc.). It is also worth noting that a portion of the 
delay jitter may be smoothed at the receiver with a playout buffer, at the price of an 
additional component of the end-to-end delay. In principle, non-interactive live events 
delivery may also tolerate few seconds of delay. 

− multiple image quality levels: the service might be provisioned with multiple audio/video 
quality levels, in order to allow theatres with different projection equipment and/or different 
access link speeds to provide their customers with the service. As for feedbacks from 
surveys, in principle users expect to have for live events a definition/image quality higher 
than that of the current HDTV (see Fig. 10). 

Expected quality for live events
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Fig. 10 – Feedbacks from Exhibitors survey: expected video quality for live events. 

− reliability: the percentage of service requests which cannot be served despite the correct 
booking advance has to be maintained negligible (see Fig. 5). 
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Service provisioning requirements: definition of a number of procedures to perform the 
distribution of the live stream from the ingress point of the NSP domain towards theatres. As for 
service provisioning requirement, we can identify: 

− service requests timing: definition of a time schedule to process service requests (live event 
booking). The NSP has to specify a time deadline by which the booking has to happen. The 
value of booking advance time will depend on the time needed to run the optimization 
algorithm for traffic engineering and to set-up network resources. In this regard, the results 
from NSP questionnaire (see Fig. 11-b) do not provide any strong direction. Also in this case 
we can say that a value lower than twelve hours is suggested. As for exhibitors’ side, more 
relaxed times (up to a week) are indicated; 

− booking mode: definition of a suitable (likely web) interface to book the reception of the live 
event stream (see Fig. 9). 
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Fig. 11 – Feedbacks from survey: booking advance time for live events: (a) exhibitors, (b) NSPs. 

2.2.1.3 Core Network  

Network topology: 

− high speed links: the core section of the NSP network has to be constituted by high speed 
links; this allows the transport of a number of high-bit-rate flows. From survey outcomes, it 
results that the currently deployed transport solutions are mainly based on SONET/SDH and 
ATM, with maximum link speed ranging from 622 Mbps to 10 Gbps. This means that the 
transport technology is mature enough to transport data streams with bit rates of the order of 
those required by Digital Cinema;  

− high speed routers: the core section of the NSP network has to be constituted by high speed 
routers to enable a fast packet processing and switching, to comply with service 
requirements; 

− mesh topology network: the core network has to be (partially) meshed to allow an efficient 
and flexible management of network resources. In addition, this kind of network topology 
enables recovery procedures in case of link and/or node failures. 

Network capabilities:  

− Traffic Engineering (TE): traffic engineering is defined as those aspects dealing with the 
issue of performance evaluation and performance optimization of operational networks. TE 
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encompasses the application of technology and scientific principles to the measurement, 
characterization, modelling, and control of traffic. Enhancing the performance of an 
operational network, at both the traffic and resource levels, are major objectives of TE. TE 
techniques are able to (i) improve QoS by reducing delay and packet losses, (ii) maintain a 
high resource utilization, (iii) balance the traffic load, (iv) reduce the vulnerability of the 
network to service outages due to congestions or failures. The results from survey show that 
the most deployed solution for traffic engineering is MPLS (see Fig. 12). It is worth noting 
that in order to offer better-than-best-effort services, today NSPs rely mainly on resource 
over-provisioning, prioritization, and traffic isolation techniques. Since the DC scenario 
foresees a possible large number of streams with very high bit rates and strong QoS 
requirements, the following TE functions are key requirements for transport network in the 
DC framework: 

• resource reservation capabilities: in order to comply with QoS constraints, a 
powerful instrument is to reserve a suitable amount of network resources to traffic 
flows; 

• multicast support: DC streaming can consume a large amount of network 
bandwidth not only because of the volume of the transmitted data, but also due to 
the number of receivers; thus, multicast transmission is very useful in this 
scenario. From the survey, it results that the multicast support is currently 
deployed in operational networks; 

• QoS routing mechanisms: the basic function of dynamic QoS routing is to find a 
network path (not necessarily the min-hop one) which satisfies the QoS 
constraints. In addition, most QoS routing algorithms consider the optimization of 
resource utilization in mesh topology networks; 

• traffic isolation: this function allows isolating QoS-guaranteed traffic from best 
effort traffic, and, more in general, creating different traffic classes. From the 
survey, feedbacks report that the use of the same network to support both 
pre-recorded movies and live events delivery is preferred. Consequently, traffic 
isolation techniques can be useful to differentiate the network service; 

− Signalling protocols: to deploy TE functions, a dedicated signalling protocol is necessary; 

− Traffic monitoring: to support TE algorithms it is necessary to estimate  

• traffic matrix: it is relevant to the amount of traffic offered to the network; 

• resource availability: it is relevant to the current status of network resources; 

− Security support: in order to comply with the security requirements of DC transport, it is 
necessary to build VPNs, accounting also for TE requirements. 
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Fig. 12 – Feedbacks from NSPs survey: traffic engineering solutions in IP core networks. 

2.2.1.4 Access Network  

Several distribution systems are necessary to be implemented, as described on Fig. 13. High 
quality video stream will be provided to the regional theatre through fibre optics. It could be not 
suitable for small cinema or personal theatre, which could support only lower quality projections. 
Thus, there will be transcoding operations of the live stream, to deliver the new stream (with low 
quality and thus less network resources consumption) to local or personal theatres. This second 
step could be performed by sending the stream over a mesh network, or/and through a high speed 
link, e.g., WiMAX (not yet widespread, see Fig. 14) or high speed DSL connections (definitely 
deployed in operation). If the receiver is using WiMAX as network connection, the usage of 
multicast over wireless techniques will be investigated to deliver the real-time stream to the local 
theatres. 
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Fig. 13 – Access and transport network distribution. 
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Fig. 14 – Feedbacks from NSPs survey: a) type of owned access network and b) maximum 
access link speed. 

High-speed optical links could be not suitable for small cinemas or personal theatres, which 
could support only lower quality projections. The wireless method, as well as a wired xDSL 
connection, might represent the viable solution, in this case. Consequently, the lower bit rate 
afforded by such systems must be taken into account when designing the whole distribution 
system, even if new VDSL2 technologies may reach speeds up to 50/100 Mbps (within few 
hundred metres from the access node - DSLAM). The option of using wireless distribution 
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methods has been considered in the survey, by asking NSPs to assign the best/preferred 
technology for the different geographical levels of content distribution. Survey feedbacks 
actually confirm the proposed wireless delivery strategy, whenever wired connections are not 
deployable. In Fig. 15-a there is a marked preference towards the use of satellite (DVB-S2, in 
this case) when main delivery is regarded, i.e. in the core link between the originating content 
(pre-recorded/live) site and the broadcaster head quarters. When the contents are to be regionally 
distributed to the projection theatres (Fig. 15-b), satellite still results to be the preferred choice, 
with an increasing importance of the WiMAX solution. Eventually, when we look at the 
distribution at a sub-regional scale (i.e. between one large multiplex and one or more small or 
personal theatres), the flexibility of WiMAX becomes the leading preferred solution. This point 
of view, as it comes out from the questionnaire results, has a correspondence into a gradual 
reduction of the access network speed, while we focus from core to sub-regional delivery.  

Feedbacks from exhibitors (see Fig. 16) indicate that the preferred network access is high speed 
wired connection. The backup solution is the satellite access. No preferences are given to the 
wireless terrestrial solution, which is not much positively considered; this may be due to the fact 
that the WiMAX technology is not widespread yet. Moreover, as for the pre-recorded movies, 
the feedbacks show that in case of exclusive wireless availability for this type of contents, theatre 
owners would better accept an uncompromised video/audio quality, at the expense of longer 
download times. 
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Fig. 15 – Feedbacks from survey of NSPs: preferred wireless distribution service for a) 
main/core delivery, b) regional delivery, and c) sub-regional delivery. 
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Fig. 16 – Feedbacks from survey of exhibitors: preferred network access method. 

To sum up, exclusive wireless distribution for some type of content is not considered as a valid 
solution for the deployment of DC. 

Feedbacks from exhibitors survey also show that interactive cinema experience could help to 
improve the expansion of DC. If movies are converted into the digital domain ad digitally 
distributed, the availability of high speed access links to theatres can represent a boost for the 
setup of interactive services between the viewers and the originating sites, be them either live 
events or pre-recorded movies. For example, the watchers could determine a different finale at 
every show, by communicating their decisions over a return channel; the film or event ending, in 
turn, being live streamed, could reflect the audience wishes. Anyway, the feedbacks from NSPs 
and exhibitors are somewhat different: the former ones clearly show a preference in this 
direction, whereas the latter ones are less prone to introduce interactivity. 

Security must be guaranteed through the different access networks. The WiMAX standard for 
instance, includes both 3DES and AES encryption mechanisms. In addition upper layer 
encryption mechanism such as IPSEC could be implemented at the application layer. Especially 
in case of live streaming, the encryption technologies are regarded to be satisfactory for the 
majority of the users (see the figure below). During the project, the suitability of each of these 
mechanisms is tested for video and content transfer, and whether any additions are required. The 
different WiMAX error correction techniques, and the WiMAX air frame length for best video 
transfer, and error optimization should be evaluated and optimized. 
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Fig. 17 – Feedbacks from NSPs survey: perceived security problems in wireless distribution. 

Distribution over an ADSL network should ensure maximized isolation to guarantee security. 

WiMAX MESH:  
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The MESH enables to provide secure and redundant paths for broadband wireless video 
distribution. The WiMAX mesh is based on a two layer model where an intermediate pico base 
station serves as the switching element / redundant path. The criteria for selecting the video 
source (base-station) or for redundancy switching is according to signal quality, modulation level 
and network load. 

2.2.1.5 Network Distribution inside Theatres  

The main requirement for distributing movies inside a theatre is SPEED. In case of problems 
within one of the local machines, movies have to be transferred between servers as fast as 
possible, ideally several times faster that real time. To achieve a throughput higher than the 
physical disconnection/displacement/reconnection of a hard drive, a LAN connection has to 
transfer data at several GB/s. However, in normal operation, transfers can be schedules in due 
time and standard LAN rates of around 1GB/s or lower could be acceptable. 

The basic requirements for the NSP to deliver inside the theatre is to keep the complexity as low 
as possible for the theatre owner, as well as the price as low as possible to compete with the 
physical HDD delivery (moving a portable hard disk from computer to computer, with the risk of 
human error attached). 

 

2.2.2 Requirements for Exhibitors 
This section, relevant to requirements for Exhibitors, is organized as follows. First, we present 
the service requirements for the distribution of pre-recorded movies and the delivery of live 
events in Section 2.2.2.1 and 2.2.2.2, respectively. Then, in Section 2.2.2.3, we present the 
requirements for the network distribution of DC contents inside theatres. 

2.2.2.1 Distribution of Pre-recorded Movies  

− High speed access network connection: the theatres need a high speed network connection to 
perform the movie download within reasonable times. Current speeds of Internet access of 
exhibitors seems to be inadequate to support an efficient download of pre-recorded DC 
movies (see Fig. 18-a). Depending on the location of the theatre multiplex (urban or extra-
urban), the speed of the available wired access network can be unsuitable to provide a 
sufficient supporting bit rate. In this case, the exhibitor should fall back to a terrestrial 
wireless distribution solution, or he should rely upon a satellite delivery method. However, 
the exhibitors’ feedback shows that there is a positive commitment to upgrade the owned 
Internet access speed to higher bit rates, if that is required (see Fig. 18-b). 

− Storage equipment: the content downloaded from mirrors needs to be saved into storage 
servers inside the theatre, from which it will be sent to the projectors. As for the survey 
results, it seems that not all theatres are currently equipped with proper and dedicated rooms 
where content servers are to be located. Note that the exhibitor would prefer a wired solution 
for internal content distribution. 

− Personnel training: the switch between analogue film projection and the internal digital 
cinema chain setup requires that personnel be properly trained to cope with this transition. 
From the feedbacks, it appears that many interested exhibitors already have a staff which can 
deploy and manage digital projections. 

2.2.2.2 Live Events Delivery  
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Live events delivery provide exhibitors with a means for attracting an audience which could be 
interested to attend the screening of several types of events, likely sport events or concerts, in an 
occasional (weekly or, better, monthly) fashion. A large portion of this (live) system shares the 
same infrastructure used for pre-recorded movie distribution, but there could be the necessity to 
make an incremental investment in order to satisfy some specific network quality constraints; the 
feedbacks show that, although in a dubitative form, the exhibitors are conscious of this 
requirement. 
− High speed access network connection: the theatres need a high speed network connection to 

receive the real-time stream without quality degradation in the access section of the network. 
Current speeds of Internet access of exhibitors seems to be inadequate to support an efficient 
delivery of live events (see Fig. 18-a). 
Depending on the location of the theatre multiplex (urban or extra-urban), the speed of the 
available wired access network could be unsuitable to provide a sufficient supporting bit rate. 
In this case, the exhibitor should fall back to a terrestrial wireless distribution solution, 
accepting a possible deterioration of the live stream quality, or he should rely upon a satellite 
delivery method (see Fig. 18-b).  
 

Network access

0%

62%

38%

0%
0%

0.64 Mbps
< 4 Mbps
< 24 Mbps
> 24 Mbps
No access

 
(a) 

Willingness to upgrade Access speed

25%

75%

0%

0%

Yes
Possibly
No
Don't know

(b) 

 

Fig. 18 – Feedbacks from survey for Exhibitors: a) current speeds of Exhibitors’ Internet access 
and b) willingness to upgrade it. 

2.2.2.3 Network Distribution inside Theatres  

♦ Theater System Major Concepts 
 

Screen and Theater Management Systems – SMS and TMS: 
The human interface for the Digital Cinema System 

 
Theater Systems Architecture: 
The equipment and interconnect within the Theater 
 
Theater Systems can have a wide range of responsibilities. They are required to provide a 
theatrical presentation in a timely manner along with controlling the environment in which it is 
presented. To simplify this complex system, each major component of a Digital Cinema Theater 
System is reviewed and shown how they interconnect. The human interface of the single screen 
system is the Screen Management System (SMS). It is required that there be one SMS for each 
auditorium. The Screen Management System (SMS) provides user interface to control (start, 
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stop, pause, load playlist, etc.) a single auditorium. The Theater Management System (TMS) 
allows a theater manager to control many or all auditoriums within a theater complex from a 
central location This is the interface that allows for control, show programming, troubleshooting, 
asset management and status of the Digital Cinema equipment. There are many different 
scenarios for the implementation of the SMS and the TMS. 
 

♦ Theater System Network Requirements 
Digital Cinema Theater Systems have some basic requirements that are stated below. 

♦ Movement of Content 
The system is required to provide for intra-theater movement of content within a multiplex 
facility. Emergency moves (e.g., equipment failure) between auditoriums are required to allow 
playback to start within 15 minutes or less after the start of the movement. 
 

♦ Multiple Systems 
There can be one Theater Management System communicating to one or more Screen 
Management Systems. 

♦ Storage Capacity Per Screen 
The central and/or local storage system is required to have the capacity to hold at least 1 TByte 
of usable storage per screen 
 

♦ Theater and Screen  Management System (SMS & TMS) Network Requirements 
 
The Screen Management System (SMS) is required to allow the theater staff to function similar 
to traditional theater operations. The workflow does not need to radically change to support 
Digital Cinema presentations. Digital Cinema content will arrive at the theatre via fixed media, or 
through other means of transport, and will be loaded into central or local storage. The staff will 
then assemble a Show Playlist using a computer Graphical User Interface. This Show Playlist 
could include advertisements, logos, previews and a main feature. The staff will then direct the 
show to the screen and let the SMS begin the show by local or remote control. 
The Screen Management System provides a user interface to control (start, stop, pause, load 
playlist, etc.) a single auditorium. The Theater Management System (TMS) allows a theater 
manager to control many or all auditoriums within a theater complex from a central location. 
At the beginning of this section, fundamental requirements were listed that would allow theaters 
to operate as they have been for some time. This section will elaborate on some of these and 
other requirements, as they affect the SMS and TMS. 

♦ Receipt of Content 
Content can be received by physical media or via a network. The theater systems are required 
to allow multiple motion pictures and related content to be delivered to a theatre in a timely 
matter. The theater systems are also required to provide a method to verify that the data is 
complete and whether or not it has not been corrupted. 

♦ Movement of Content 
The SMS and TMS are required to allow an authorized user to search for content and provide a 
method for the movement and deletion of content, within a screen or multiplex facility, while the 
system is in operation. As an example, this would include simultaneous content load-in and 
playback. This movement could consist of many different examples of operation such as: 
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• Downloading content while playback of presentations are in progress 
• Movement of content from a central storage to local storage while other content is in 
playback 
• Deleting content while other content is in playback 

 
I. The SMS or TMS is required to warn and not allow deletion if the content is in use or part of a 
current Show Playlist. 
II. The SMS or TMS is required to provide a deletion process that removes all of the content, 
key information, and playlists associated with the composition. 

2.3 Summary of requirements 
This section reports the list of requirements relevant to the Digital Cinema Streaming to theatres 
and previously illustrated in details. 
 

Requirements for Network Service Providers 

− Pre-recorded-movies distribution 

o QoS requirements 

 security support 

 robustness 

 content segmentation 

 maximum download time 

 multiple image quality levels 

 service reliability 

o Service provisioning requirements  

 multiple mirrors 

 content management scheme 

 service request routing mechanism 

 service requests timing 

 booking interface 

− Live Events Delivery  

o QoS requirements 

 security support 

 packet loss guarantee (robustness)  

 no content segmentation 
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 guaranteed average/maximum delay and delay jitter 

 multiple image quality levels 

 service reliability 

o Service provisioning requirements 

 service requests timing 

 booking interface 

− Core Network  

o Network topology 

 high speed links  

 high speed routers 

 mesh topology network 

o Network capabilities 

 traffic Engineering (TE): resource reservation capabilities, multicast support, QoS 
routing mechanisms, and traffic isolation 

 signalling protocols: to deploy TE functions, a dedicated signalling protocol is 
necessary; 

 traffic monitoring: traffic matrix and resource availability 

 security support 

− Access Network  

o Several distribution systems 

 wired: fibre and/or xDSL 

 wireless 

• core: satellite 

• regional/sub-regional: WiMAX 

o Return channel for interactivity 

 

Requirements for Exhibitors 

− Distribution of Pre-recorded Movies  
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o High speed access network connection 

o Storage equipment 

o Personnel training 

− Live Events Delivery  

o High speed access network connection 
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3 Advanced Digital Cinema Experiences  

3.1 Introduction 
 
This chapter is in correspondence with the workpackage WP6.2. The workpackage WP6 aims at 
implementing the technologies developed in WP2 and WP3 to the context of Advanced digital 
cinema technologies.  
The Digital Cinema Initiatives has developed a set of requirements with the primary purpose of 
establishing uniform specifications for Digital cinema. This would enable development of 
products and services that are interoperable and compatible with the products and services of 
other industrial participants. It can however be noted that there exist differences between the DCI 
specification and current implementations. The workpackage WP1 aims at developing 
specifications and services to the Digital cinema keeping in conformance with DCI 
specifications while meeting European requirements. This document provides an overview of the 
current existing context of the system, requirements targeted by DCI, and European 
specifications required to meet the environment. 
 
The chapter is basically divided into three Chapters: 

• Chapter 3.2: The DCI requirements for various fields of Digital Cinema are listed. Also, 
an overview of the actual Digital Cinema situation is presented, unveiling existing gaps 
between requirements and current situation. 

• Chapter 3.3: The specific user requirements other than those specified by DCI are 
gathered.  
This is presented in two different manners. First, each partner's requirements on its field 
are presented. Secondly, a vast European survey has been conducted on people belonging 
to various levels of Digital Cinema, such as exhibitors, distributors and post-production 
units. The survey aimed to generating results unbiased by the already set DCI 
requirements. These results along with the already generated requirements as stated in the 
EDCine technical annex and requirements focusing on European specificities are given. 

• Chapter 3.4: Includes the results of the survey analysis. 
 

3.2 Overview 
3.2.1   DCI Requirements 

3.2.1.1 Motion Pictures 
 

DCI requirements split the video specifications in two parts which are the Digital Cinema 
Distribution Master (DCDM) section, image specification part and the compression section. 
The first part defines the image structure, aspect ratios, color spaces, bit depth, transfer 
function and file format required to present content to a Digital Cinema projector. The second 
part specifies image compression techniques to decrease the size of the data for economical 
delivery and storage. 
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Concerning the DCDM part, it is said that the DCDM shall provide an image container that 
consists of either a 2K (2048 x 1080) or 4K (4096 x 2160) image file. Either the vertical or 
the horizontal resolution shall be filled, depending on the aspect ratio, but those limits can’t 
be exceeded. For example, with an aspect ratio of 2.39:1, the size of the image will be 4096 x 
1714 while an aspect ratio of 1.85:1 would lead to an image of 3996 x 2160. 
For each colour component, the bit depth of each code value shall be 12 bits which yields to 
36 bits per pixel.  
The chosen colour space is X’Y’Z’. This is a gamma corrected version of the XYZ colour 
space. The colours displayed on the cinema screen shall be independent of the projecting 
device. That makes the picture completely colorimetrically defined in the DCDM for its 
intended display on the cinema screen. The transfer functions from the XYZ primaries to the 
X’Y’Z’ colour space are defined in the DCI requirement (3.2.1.6.). 
 
The compression standard chosen in the DCI requirement is JPEG2000. Many encoding 
options are available in JPEG2000 but most of them have been fixed for digital cinema. Two 
types of decoder are allowed which are 2K decoders and 4K decoders. Each decoder shall 
decode all data for every frame in a distribution. When a 2K decoder is used to decompress a 
4K distribution, it is allowed not to decode the 4K resolution but shall still decode the whole 
2K part. The output of the decoders shall conform to the DCDM requirements. All decoders 
shall implement 9/7 inverse wavelet transform as well as the Inverse Colour Transform (ICT), 
both with at least 16 bit fixed point precision. The 9/7 filter is the most efficient IDWT filter 
and provides a better compression than the 5/3 filter while colour transform provides a first 
decorrelation transform which will also lead to an improved compression. 
Some of the JPEG2000 specific options that are set in the DCI requirement are listed here: 
 
 

Options Value 
Code-block size 32x32 
Tiles No tiles 
Number of wavelet 
transform levels 

2K: Max. 5 
4K: Max. 6, Min. 1 

Precints size 128x128 (lowest frequency subband) 
256x256 (all other resolutions) 

Region of interest No ROI 
Progression order 2K: CPRL, no progression order change (POC) allowed 

4K: A POC marker shall be specified that makes 2K data precede all 4K 
data. (see DCI for details) 

Tile parts 2K: 3 tile parts (1/component) 
4K: 6 tile parts (3 first for 2K components and 3 last for 4K components) 

Bitrate Max. 250 Mbps and max. 200 Mbps for one component. 
 

Table 1.a - The codeblocks 32x32 size limit greatly reduces decoders’ complexity while 
reducing a little bit the coding efficiency. The progression order for 4K distributions is 
interesting to ease the decoding of the 2K part for 2K projectors. 
 

3.2.1.2 Audio 
Digital Cinema audio requires standardized bit depth, sample rate, reference level and channel 
count.  The standardisation of channel mapping and file format is also important for successful 
playback in a motion picture theatre. 
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3.2.1.2.1 Audio Characteristics  
A bit depth about 24 bits per sample is mentioned in the DCI spec. 
The sample rate should be 48.000 kHz or 96.000 kHz. A theatre playback system shall have the 
capability of performing sample rate conversion as needed. 
The DCI spec recommends a nominal reference level for digital inputs and outputs of -20dBFS 
(decibel below full scale). The output sound pressure level per channel measured with pink noise 
shall have 85 dBc (decibel referenced to the carrier). 
The delivered digital audio in the Digital Cinema Package (DCP) shall support a channel count 
of sixteen full-bandwidth channels. 
 

3.2.1.2.2 Channel Mapping  
With the channel mapping the assignment and labelling of channels in Digital Cinema systems is 
defined. This enables the uniform expression and communication of source audio channels to the 
Digital Cinema playback loudspeakers. Table 1.b shows the eight channel mapping, mentioned 
in the DCI spec.. 
 

AES 
Pair#/Ch# 

Channel
# 

Label/ Name Description 

1/1 1 L/Left Far left screen loudspeaker 
1/2 2 R/Right Far right screen loudspeaker 
2/1 3 C/Centre Centre screen loudspeaker 
2/2 4 LFE/Screen Screen Low Frequency Effect subwoofer 

loudspeaker 
3/1 5 Ls/ Left Surround Left wall surround loudspeakers 
3/2 6 Rs/ Right Surround Right wall surround loudspeakers 
4/1 7 Lc/ Left Centre Mid left to centre screen loudspeaker 
4/2 8 RC/ Right Centre Mid right to centre screen loudspeaker 
5/1 9  Unused 
5/2 10  Unused/ User defined 
6/1 11  Unused/ User defined 
6/2 12  Unused/ User defined 
7/1 13  Unused/ User defined 
7/2 14  Unused/ User defined 
8/1 15  Unused/ User defined 
8/2 16  Unused/ User defined 

Table 1.b Eight channel mapping mentioned in DCI spec 

3.2.1.2.3 File Format 
The audio file format shall correspond to the broadcast wave file format (.wav). 
The audio file should not be compressed throughout the Digital Cinema system, which includes 
packaging, distribution and storage. The broadcast wave file format requires metadata that 
indicates the first sample of audio data. For synchronization a continuous frame count relative to 
the image as well as the sample rate are necessary. 
 
To enable dynamic down mixing, the file format (packaging format) has to provide metadata. A 
flag indicating “yes” or “no” for “down-mixing is allowed” or “not allowed” is required. In 
addition the file format must provide another flag (yes or no) declaring whether dynamic range 
control is allowed or not. For both cases the metadata has to be provided and should not be 
modified. 
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3.2.1.3 Metadata 
DCI specifications in terms of metadata can be seen from two different points of view. The first 
is that metadata is specified as an integral part of the MXF files that wrap the content available in 
the DCP packages. The second is that more than the metadata existent in the MXF files, also the 
XML documents that integrate the DCP packages can be seen as such. 
 
The latter approach is justifiable by definition, but in a broader sense, metadata according to DCI 
can be split into the following categories with the following purposes: 
 

- Metadata for identification, validation, synchronization and rendering. 
 
- Metadata for projection settings, including playlists and controls data. 
 
- Metadata for security purposes, such as encryption/decryption, forensics and logging. 

 
Since the specifications focus essentially on the Distribution and Exhibition sides of the Digital 
Cinema chain, there are other parts of the workflow of Digital Cinema, such as Production and 
Archiving that remain unaddressed. 
 

3.2.1.4 Security 
The security related requirements are expressed in many chapters of the section 9 of the DCI 
specification, totalling probably around 20 pages. Moreover, some requirements are based on 
details of the security architecture. It is not the aims of this document to copy those 
requirements, therefore only the most important points are listed in this section.  
The section is organized into two subsections, the first one listing the fundamental hi-level 
requirements needed for the overall system, while the second section focuses on the real-world 
requirements mandatory to design and implement the devices.  

3.2.1.4.1 Hi-level DCI security requirements 
• Content Protection and Piracy Prevention: The security system shall provide a means 

for the securing of content against unauthorized access, copying, editing, and playback. 
Protection shall be standardized primarily through the application of encryption 
technology, management of content key access and robust logging.  

• Single Inventory and Interoperability: The security system shall support a single 
inventory Digital Cinema Package (DCP) delivered to every compliant theater 
installation. The security system architecture shall support file interoperability for both 
the Digital Cinema Package (DCP) and the Key Delivery Message (KDM). The security 
system architecture shall require system interoperability between Security Manager (SM) 
and Screen Management System (SMS).  

• Reliability: The security system shall recognize that the show must go on” except in 
extreme circumstances. The model shall support intelligent means to locate failures 
expeditiously, and support field replaceable security devices.  

• Support Forensics and Attack Detection:  
o The security system shall produce records (logs) of the access to secured content 

at authorized facilities.  
o The security system shall support techniques to expose security attacks in process 

prior to an actual loss. 
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o The security system shall support techniques (e.g., Forensic Marking) to implant 
evidence of origin of the content for use in tracing unauthorized copies of the 
content to the source.  

o The security system shall support the interface(s) and operation of anti-camcorder 
devices. This may include, but is not limited to, the ability to log the results of an 
anti-camcorder (detection of a camcorder event) or a non-functional anti-
camcordering system.  

• Resist Threats: The security system shall support prevention and detection of the 
following threats:  

o Content theft (piracy)  
o Unauthorized exhibition (e.g., at wrong facility)  
o Manipulation of content (e.g., editing)  
o Un-logged usage of content  
o Denial of Service 

3.2.1.4.2 Real-world DCI security requirements 
• Implementation:  

o Digital Certificates: The critical security elements (SPB) shall carry at least one 
DCI compliant certificate allowing their authentication and to setup secure 
(confidential) communications. These certificates shall use the X509 version 3 
ITU standard, encoded using the ASN1 DER rules.  

o Robustness and physical implementation: Security equipment design must 
provide physical perimeters around secrets not cryptographically protected. 
Depending on the type of equipment, the security perimeter shall be either tamper 
evident, tamper resistant or tamper detecting and responsive. 

o Certification: The elements manipulating critical security parameters shall meet 
and be certified for the requirements of FIPS 140-2 at Level 2 or 3, depending on 
the robustness required on these elements. These levels also define the physical 
security level of the hardware (secure silicon like smart cards, or “regular” 
hardware protected by a physical barrier i.e. a circuit covering). 

o Software protection: Protection implemented in software only (code obfuscation, 
code encryption, etc.) can be compromised and therefore shall not be used to 
protect critical security parameters or content essence. 

 
• Cryptography:  

o Strong essence encryption: AES cipher in CBC mode with a 128 bit key shall be 
used to encrypt the essence. See FIPS-197. 

o Protection of content keys: RSA cipher with 2048 bit keys shall be used to protect 
content keys in the distribution (KDMs). 

o Integrity check codes: SHA-256 shall be used to generate/verify the data integrity 
signatures according to PKCS-1 (IETF RFC3447) and HMAC-SHA-1 shall be 
used for the cryptographic data integrity checksums (FIPS PUB198a). 

o Key generation and derivation: Keys shall be generated as specified in IETF RFC 
3447. RSA keys shall be generated from two or three prime numbers each of 
which must be at least 680 bits long, and the generated RSA key pairs must have 
at least 128 bits of entropy. Pre-loaded keys shall be unique to each device from a 
vendor. The vendor shall not keep any record of the preloaded private keys. 

o Link Encryption: Link encryption shall be used at all times where image content 
is carried on interconnecting cables which are exposed, downstream from image 
media decryption. The protection shall use either TDES (ANSI X9.32) with 112 
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bit keys or AES with 128 bit keys. A fresh link encryption key shall be used for 
each movie showing. 

• Forensics: 
o Marking payload: Payload is required to include, in real-time, a time stamp and 

location information in each five minute segment of the content. 
o Detectability: The marking is required to be visually transparent to the critical 

viewer in butterfly tests for motion image content. 
o Survivability: The marking is required to survive to multiple video processing 

attacks: D-A/A-D conversion; re-sampling, re-quantization, image contrast or 
color enhancement, resizing, letterboxing, compression, scaling, cropping, 
shifting, etc. It is also required to survive collusion (combining of multiple videos 
to modify or remove the mark). 

• Logging: 
o The log reports shall be protected from unauthorized alteration (integrity), from 

unauthorized deletion of log record (continuity). They shall be non-repudable, 
traceable back to the source, and carry proof of authenticity. 

• Security Elements: 
o Projector 
o Image Media Block 
o Audio Media Block  
o Link Decryptor Block 
o System Clock & Trustable time 

 

3.2.2   Current Situation 

3.2.2.1 Motion Pictures 
 
Currently, less than 1% of the cinema rooms in the world are equipped with digital cinema 
projectors (1.5% if we take only American and European markets into account). Two kinds of 
compression systems co-exist in the deployed solutions using either MPEG2 or JPEG2000. 
During 2006, more than 2000 rooms have been equipped with digital cinema projectors. 
  
DCI requirements have introduced two image formats (2K and 4K) but, for the time being, every 
digital cinema rooms are using 2K projectors. At this time, there is only one 4K projector 
(developed by Sony) but it has not been deployed yet, for technical reasons. To meet this 
technological challenge, Sony went through the development of a new projection technology, 
SXRD. According to Goudineau’s report on Digital Cinema1, the proclaimed necessity of 4K 
and 3D could scare people from buying existing equipments which could rapidly become 
obsolete. This fear is reinforced by past experiences when many invested in 1,4K projectors 
which had become obsolete before they were first used. However, DCI has anticipated the arrival 
of 4K, specifying that all 4K content should be also taken in charge by 2K projectors. 
 
HD (1920 x 1080) is sometimes seen as a good competitor for the 2K format, however, 2K is 
more convenient for large aspect ratios like we are used to in digital cinema (cinemascope = 
2.39:1) while HD is closer to 16:9 format. Moreover, 2K allows displaying more than 68 billions 
colours (thanks to the 12 bits/component bit depth) while HD is limited to 16 millions (8 
bits/component). 
 

                                                 
1 Daniel Goudineau: “Adieu à la pellicule? Les enjeux de la projection numérique”. Agust 2006” 
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Video compression is very important for distribution as well as for storage on servers. DCI has 
chosen JPEG2000 for compression. For now, Hollywood studios accept some of their movies to 
be encoded in MPEG2 for European distribution even though in a near future the servers will 
undoubtedly require a JPEG2000 decoder to project American movies. 
 
Also, DCI requirements have introduced some limits in the compression that might seem 
irrelevant. A good example is the bitrate limit. DCI specifies the same maximum bitrate (250 
Mbps) for 2K or 4K images. This can decrease the quality gap between 2K and 4K, therefore 
reducing the interest of 4K equipment. 
 
DCI's compression limits seem having been inspired by the technology existing at the time they 
were created. Since Analog Device JPEG2000 decoder (ADV202) was the most well-known on 
the market at that time, it appears quite naturally that their technology was the only one involved 
in the DCI compression study.  
Nowadays however, some decoders that could exceed ADV202 limits have been developed. 
Another interesting alternative on the JPEG200 decoder market is the use of FPGA’s. It is 
probably the best solution for integration since neither watermarking nor cryptographic solutions 
for digital cinema have ever been developed on ASICs. All the video process, from the 
compressed/encrypted content to the watermarked/(re)encrypted image sent to the projector, 
could lie in a single FPGA. On that field, the intoPIX company is currently developing a single-
chip FPGA-based JPEG2000 decoder, targeted for digital cinema. This company is a UCL spin-
off that benefits from all the UCL JPEG2000 expertise. They have proposed their help to UCL 
researchers in order to produce demonstrators for the EDCine project based on their solution. 
Those demonstrators should go far beyond DCI limits. 
 
Digilab2000, a University of Perugia Spin-off, is proposing another alternative architecture for 
Jpeg2000 D-Cinema decoding task. This architecture has been developed in the framework of 
IST WorldScreen Project, with the precise target of addressing future extensions of D-Cinema 
profiles via a modular approach. Digilab2000 design propose a novel, scalable and completely 
reconfigurable architecture for D-Cinema decoding, by adopting a two-level modular approach 
based on Programmable DSPs and FPGAs acting as loosely-coupled coprocessors. 
 

3.2.2.2 Audio 

3.2.2.2.1 Current audio formats 
 
The current cinema sound is based on multichannel audio formats, a concept introduced in the 
50’s. A multichannel format is defined by a set of signals (4 to 8), each signal being assigned to a 
specific loudspeaker device (discrete speakers behind the screen, loudspeaker array for the 
surround and subwoofer for the low frequency effects). All current audio formats are combined 
with coding technology to provide a cost effective optical storage of the sound directly on the 
film. The Dolby Stereo is a 4.0 format with analog coding introduced in the late 70’s and still 
widely used, despite significant crosstalk between channels. The Dolby Digital and DTS are both 
5.1 formats with crosstalk free digital coding (lossy compression) introduced in the early 90’s. 
The principal difference is that DTS has only a time code on the print to synchronize a separated 
audio disc providing higher bit rates. Recently Dolby Digital and DTS have been extended to 6.1 
formats by additional analog coding step. DTS takes advantage of a larger storage capability to 
provide crosstalk free 6.1 format. The Sony SDDS is a 7.1 format with lossy digital coding. 
 

Name Format Coding Data Assignment 



 
 

Page 45 of 243 

Dolby Stereo 4.0 Analog On film left, centre, right, surround 
Dolby Digital (EX) 5.1(6.1) Digital (+Analog) On film left, centre, right, LFE, surround left, 

surround right, (surround back). 
DTS (ES) 5.1( 6.1) Digital (+Analog) On disc with 

sync on film 
left, centre, right, LFE, surround left, 
surround right, (surround back). 

Sony SDDS 7.1 Digital On film left, center left, centre, center right, 
right, LFE, surround left, surround 
right. 

Table 1 Overview of current audio formats 

 
Current audio formats have several disadvantages: 
- Audio coding quality: Audio coding is a cost effective way to add multi-channel audio on 
the film but it affects the audio quality. DCI addresses this issue by specifying uncompressed 
audio throughout the Digital Cinema System, includes packaging, distribution and storage. 
- No flexibility: Current discrete multi-channel audio formats do not offer any flexibility 
for speaker placement. The channels are simply connected to the different speakers. 
- No scalability, no compatibility: Current coded audio formats are not scalable and 
compatible. Therefore, cinema sound can’t be played at different level of quality or be adapted to 
the resources of the room. The DCI specification requires that all audio formats have to be 
compatible and scalable 
 

3.2.2.2.2 Current cinema sound systems. 
 
The current 5.1 cinema sound system has been introduced in the 50’s and consists of: 
- 3 large loudspeakers placed behind the perforated screen to reproduce the frontal 
soundstage. Each speaker is driven by an individual channel. 
- A loudspeaker belt containing 6 to 20 smaller speakers to reproduce the surround 
ambiance. The belt is divided into 2 to 3 segments. The speakers of one segment are driven by 
the same signal. 
- One or several subwoofers usually places below the screen to reproduce the low 
frequency effects and driven by the dedicated LFE channel. 
 
Current cinema sound systems have several limitations: 
- Perfectible audio quality: The tonal and spatial quality of current cinema sound systems 
is not significantly superior to high quality home theatre systems. In addition this quality is not 
consistent from theatre to theatre. 
- No scalability: Current cinema sound systems can’t be developed with a gradual level of 
performance and sophistication. 
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Figure 19 The 5.1 cinema speaker layout 

 
 

3.2.2.3 Metadata 
The current commercial implementations maybe partially/fully DCI compliant, but by 2005 
Digital Cinema equipment wasn’t ready to meet the specifications defined in DCI. That meant 
that manufacturers and labs working in that domain, formed a group denominated MXF Interop 
Initiative, which defined similar specifications to those of DCI essentially in terms of security, 
but with the major difference of using MPEG-2 as the compression standard instead of 
JPEG2000. The expectance that new equipment compliant with DCI would retain backward 
compatibility with the previous one motivates the need to complement DCI specs. 
 
In terms of metadata, essence related metadata is by definition constrained to essence properties 
and hence a conversion from DCI specifications to MXF Interop ones on these terms doesn’t 
apply. The remaining metadata could in principle be converted from DCI to MXF Interop 
specifications. 
 
Another aspect where current Digital Cinema status can be considered greatly unaddressed is the 
whole workflow prior to Distribution. DCI focus mainly in specifying the Distribution and 
Exhibition processes, with a void existing in the previous processes of the Production chain. 
Although TV oriented, SMPTE already defined "Production framework, Scene Framework 
and Clip Framework" within MXF specifications, that can be a working base for Digital 
Cinema. 
 
From the metadata point of view, there is a great deal of information that is being lost or 
discarded through the entire chain. This metadata can be used to enhance processes internally, 
interoperability between processes and valuable assets to posterior chain entities. 
 

3.2.2.4 Security 
First experiences with the DCI proposed security framework have been made in the meantime. In 
general, the DCI approach has led to working and interoperable solutions. However, some 
shortcomings have been discovered which have the potential for extensions to the DCI 
framework: 
 

1. R-Distribution of KDMs by means of a Distribution Center has not been explicitly 
addressed yet by the DCI. In a large scale distribution scenario, it is necessary to have the 
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capability to re-distribute KDMs. This is of specific importance for Europe, where local 
distribution service providers should be enabled to re-distribute KDMs.  

2. In particular, security requirements for KDM re-distribution and the syntax of 
“distribution KDMs” need to be defined. It is expected that the requirements for KDM re-
distribution entity will be similar to that for a Secure Media Block since secret keys are 
being processed. The syntax of “distribution KDMs” should include the purpose 
(redistribution) and should not allow for theatrical exhibition directly. However, this 
might also be achieved by selecting the proper target instance (“Subject” in X.509 
terminology). 

3. In current practice, most server vendors have implemented their own certification 
authority. It turned out that the validation of the root certificates is hard to achieve – 
therefore theatre certificates are accepted if the manufacturer is able to provide a root 
certificate. The instantiation of those root certificates is not defined. For Europe, it might 
make sense to host a database of all certificates for all sites, serving as a trust center for 
both theatres and distributors. By forcing all KDM providers to check all certificates on-
line against this library, certificate revocation might also be implemented. 

 

3.3 User Requirements 
 
The specific user requirements other than those specified by DCI are presented hereunder.  
First we present each partner’s view on its specific field. Moreover, a vast European survey has 
been conducted on people belonging to various levels of Digital Cinema. The resulting 
highlights of this survey will also be presented. The complete survey, along with the complete 
survey answers are available in the annex.  
 

3.3.1   Specific User Requirements 
 

3.3.1.1 Motion Pictures 
 
The requirements for the motion pictures come from several points: interoperability between 
JPEG2000 and MPEG, 4K and more, stereoscopic coding, … This section will be completed at 
the end of the survey period . 
 
Jpeg2000/Mpeg Interoperability: 
The interoperability is an important point to be addressed because it will ensure transcoding 
to/from MPEG. It has to respect the end-to-end security from production to projection and to the 
others content distribution markets (e.g. television, mobile devices, internet). Networked access 
to cinema archives allows users optimized access of video data for retrieval and downloading. 
 
Stereoscopic Digital Cinema (SDC): 
Human perceives three-dimensional (3-D) objects in various ways. Even if we use only one eye, 
we are able to feel the depth of objects through motion parallax, linear perspective, texture 
gradient, light and shade, and so on. The most effective factor is that the human visual system 
(HVS) consists of a pair of eyes. Binocular disparity is the dissimilarity in views related to the 
relative location of eyes and it is one way to provide perception of depth in a scene. 
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Fig 20 - Stereoscopic Digital Cinema (SDC) 

 
 

Among the requirements for motion pictures, we can find the stereoscopic digital cinema which 
is very challenging for both classical showroom and Leisure Park like the Futuroscope park of 
Poitiers (France).  
Trying to move toward 3D projection is because 3-D display systems that mimic the HVS have 
been investigated recently, making the observers see 3-D image sequences artificially. The 
conventional 3-D display methods use special viewing glasses or any other optical apparatus, 
whereas the approaches using parallax barriers or lenticular methods do not require any auxiliary 
gadgets. 
According to advances in 3-D display systems, a large number of video coding and transmission 
techniques have been proposed. Since the stereoscopic video sequence requires double the 
information rate compared with the single-view video sequence, the bandwidth required to 
transmit the encoded stereoscopic bitstream is larger. Therefore, efficient coding techniques 
should be employed to reduce the data rate for stereoscopic video coding. The main existing 
standards for coding stereoscopic motion pictures are the MPEG standard family via the multi-
view profile (MVP). 
There are primarily three approaches that can be used for coding of stereoscopic video. 
Simulcast stereoscopic coding: This approach involves independent coding of left and right 
views. Thus, either of the two views may be decoded and displayed as a compatible signal on 2D 
video receivers.  
 
 

 
Fig 21 - Compatible stereoscopic coding 
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Compatible stereoscopic coding: In this approach, one view, say the left view, is coded 
independently; the other view, in this case the right view, is then coded with respect to the 
independently coded view. Thus, only the independently coded view may be decoded and 
displayed as the compatible signal. 
 
Joint stereoscopic coding: In this approach, both the left and the right views are coded together. 
Since, both views are coded jointly, neither the left view nor the right view may be decoded by 
itself as a compatible signal. However, there may be exceptions where some restrictions can be 
imposed allowing a subset signal to be decoded and shown on normal TV as a pseudo-
compatible signal. 
 

 
Fig 22 - Joint stereoscopic coding 

 
In the general sense of compression efficiency, the simulcast stereoscopic coding approach is 
likely to be the least efficient, followed by compatible stereoscopic coding and then the joint 
stereoscopic coding approaches. This is because simulcast stereoscopic coding independently 
codes both views, while compatible stereoscopic coding independently encodes only one view 
and then exploits the correlations between the two views for coding the second dependent view. 
Likewise, since joint stereoscopic coding does not involve any independent coding at all, in 
principle, it may allow an even higher compression efficiency, albeit at the cost of lack of 
compatibility and increased coder complexity. 
 
Starting from the existing methodology and the requirements of digital cinema, it is essential to 
propose an approach of JPEG2000 stereoscopic coding dedicated to digital cinema by taking into 
account the binocular vision properties adapted to a specific context (low lighting conditions, 
large aperture and so on). What is needed in the 3D market of digital cinema is to reduce the 
bitstream by coding the dependencies between the two views (left and right). 
 

3.3.1.2 Audio 
The main requirements for audio come from the users directly exposed to the sound: post-
production, exhibitors and local theatres. The other users, such as distributors, have very limited 
audio requirements as it is encapsulated in the Digital Cinema stream. 
 
Today, the ultimate audiovisual experience is no longer a cinema exclusive. Recent HD 
technologies with large screens and 7.1 sound provide cinema-like experiences at home. How to 
face this new competition and how to increase the audience in theatres? A similar situation 
already occurred in the 50’s with the development of the TV. In reaction to this competitor, the 
cinema industry offered improved experience: wide screens and multichannel audio 
(Cinemascope / Todd-AO). During 50 years, only small incremental improvements have been 
proposed and the difference between home HD video and cinema got smaller. Audio content is 
delivered to theatres and homes with the same format (5.1/6.1) as well as the same coding 
(Dolby Digital, DTS) and can be connected to high quality sound systems. 
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Therefore, one essential requirement for the Digital Cinema is to retrieve the status of ultimate 
audio experience. Users require to overcome existing limitations of current sound systems 
including: 

- Improved sound quality of the loudspeaker and the room. In the audio chain, the 
loudspeaker and the room remain as the weak link of the audio system and offer the 
highest potential for improvements; 

- Wider optimal listening area providing a more even quality for all seats with accurate 
tone and spatiality. Nowadays, acceptable quality over a large area is obtained with 
drastic mixing rules, such as dedicating the centre channel to the dialogues; 

- Better spatiality of the sound. Spectacular spatial sound effects are an essential 
aesthetic aspect of the cinema. This creativity needs to be further supported with more 
accurate localization, more envelopment and more spatial depth in the sound; 

- True 3D sound experience with height reproduction. This is the logic extension of 
current surround sound to provide a substantial and audible improvement to the 
average listener. Elevation should be introduced behind the screen, as well as in all 
the room; 

- A more consistent room-to-room reproduction throughout the production and delivery 
chain (from recording to post-production to screening room to theatre). Sound 
engineers, artists and right owners are concerned that the sound experience provided 
to the audience conforms to their original artistic intention; 

- Improved user interfaces to manipulate sound. More sophisticated sound requires new 
interface; 

- More universal and flexible production tools. More sophisticated sound requires 
advanced tools to efficiently create and manipulate it; 

- Possibility to play various audio content (Live broadcasting, HD productions, 
Business presentations, Documentaries, Advertisements). 

 
These user requirements translate into several technical aspects like: Sound capturing, data 
format, compatibility, loudspeaker layout, service for hearing impaired and system setup as well 
as system installation. 
 
Sound capturing 
The most important part for sound capturing is the design of microphone arrays and the pre-
processing of the generated signals. Using microphone arrays not only live audio scenes 
recording is possible, but also room acoustic properties capturing. A parametric room acoustic 
description e.g. by plane waves enables the sound designer to create an optimal room impression 
for a given loudspeaker layout. Object-oriented reproduction approaches like the wave field 
synthesis are able to render the parametric room description to the existing reproduction setup in 
an optimal way. 
 
Data format 
Both types of audio recordings – the audio scene and the room acoustics – have to be brought to 
a generalized data format, which is independent from the originally used microphone array 
technique. This means, the audio scene and the room acoustics have to be converted into a 
universal storage and editing format, which should be adapted to the needs of mixing engineers 
in the motion picture post processing process. In the case of audio scene capturing the 
generalized data format could be plane waves. In the case of room acoustic capturing the 
generalized 3D format could be based on plane waves derived from circular microphone array 
measurements using plane wave decomposition.  
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Having the generalized audio recording data format we need ways to adapt these data to a given 
multi-channel format and a descriptive spatial audio format. In the first case a processing module 
is required that pre-renders the recordings to a chosen multi-channel format, in the second case a 
generalized parametric description has to be generated, that consists of the recorded audio scene 
itself, but also contains the parametric room description derived from the generalized room 
acoustic measurements. 
 
Compatibility 
Up and downward compatibility is one of the crucial issues of the project. At the moment there 
are sweet spot generating multi channel systems consisting of a low number of audio channels.  
 
Within the EDCine project two multi channel formats will be proposed, a high quality WFS 
sound system and a 3D multi channel audio system. The first system is driven with an object-
oriented descriptive audio format, the second system with a prerendered multi-channel audio 
format.  
 
Up and downward compatibility means to be compatible with existing audio formats like 5.1, but 
moreover to be compatible with the 16 channel DCI-format. It should be possible to render the 
descriptive object oriented audio format to the 3D multi channel format and also to existing 5.1 
or 7.1 surround systems. To fulfil these requirements several up and down conversion modules 
have to be provided.  
 
It is very important to have the possibility to recreate sound fields based on existing legacy 
content (e.g. archived mono or stereo movies) without modifying the original intention of the 
author, but exploiting the benefits of the target platform (i.e. 5.1 loudspeaker setup) . 
 
Loudspeaker layout  
Within the EDCine project two multi channel formats have to be proposed, a high quality WFS 
sound system and a 3D multi channel audio system. Both systems should integrate elevated 
loudspeakers for positioning sound in a 2D-listing and also in a third dimension. The 
loudspeaker layout must be compatible with the 16 channel DCI-format and the existing formats 
like 5.1. 
 
Service for hearing impaired 
Our society is strongly communication-oriented. Many people experience severe limitations in 
speech and audio domains, which are caused either by hearing loss or by poor environmental 
conditions. In most cases these conditions only meet the needs for adult  native-language and 
normal hearing people. This is not the case for vulnerable groups like elderly,  hard of hearing, 
young children and second-language users. Within the EDCine project a special audio channel 
for hearing impaired people shall be provided. This includes an audio signal analysis and 
processing component, which is able to create automatically a speech optimized mono output 
channel for the hearing impaired listener with any type of (audio) input material. Because of the 
huge amount of legacy content (= standard audio formats (DTS, Dolby Digital, ...) and 
configurations (mono, stereo or multi-channel)), it is required that this component is able to 
handle these types of input signals and providing a hearing impaired optimized output channel. 
The desired audio signal-processing component shall fulfil the following basic algorithmic 
requirements: 
 
1. Amplification of speech components in all channels; 
2. Attenuation of non-speech components in all channels; 
3. Generation of a mono sum of the relevant speech contributions of all input channels. 
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In summary, the overall speech intelligibility shall be clearly enhanced compared to the 
unprocessed (input) channel(s). 
Additionally a smooth integration of the hearing impaired service into the audio framework has 
to be defined within the EDCine project to coexist without any complications or undesired 
interactions with the other audio transport and playback components. To ensure interoperability a 
specification of input and output interfaces is required. 
 
System setup and installation 
The correct installation and setup of the audio reproduction systems plays an important role to 
guarantee an optimal sound for a given environment. Therefore techniques are required that 
make the installation and the setup easy. These techniques have to incorporate the compensation 
of listening room imperfections especially the frequency response, the phase response, temporal 
issues and frequency and time perturbations. The setup and measuring routine must also regard 
the real loudspeaker 3D positions. 
 

3.3.1.3 Metadata 
There are essentially two main segments where metadata handling needs to be enhanced. These 
are: 
 
– Other areas of the Digital Cinema workflow ( Pre-Production, Production, Post-Production, 
Archives ) 
 
– Distribution to platforms other than Theatres ( Internet, Mobile Phones, etc. ) 
 
Another segment that needs to be addressed is the one related to MXF Interop Initiative and its 
equipment legacy. Those who have acquired such equipment will most surely demand backward 
compliancy on all grounds, which also includes metadata. 
 
EDCine has developed several questionnaires to retrieve refined user requirements, which will 
act as input, along with technical requirements, to determine the final data model. Being this an 
iterative process, the first approach consists on considering that at all instances of the workflow 
an Archive exist. This can be illustrated by the following graph: 
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Fig 23 - Archive metadata workflow 

 
 
On the initial stage, metadata must be categorised in one of the three types: 
 

• Short-term Archive, which accounts for any data whose lifetime is, as the name 
suggests, short and that will be discard after a posterior process in the chain. It can 
reference data that might be valid for only an instant (but historically valuable). 

 
• Mid-term Archive, which accounts for any data valid through the Production, 

Distribution and Exhibition periods. 
 

• Long-term Archive, which accounts for any data that should be available after a long 
period, possibly remaining for posteriority. 

 
The previous definitions are indicative, subject to refinement, but ultimately expected to allow 
the first metadata segmentation, with possibly some connections being lost or discard in the 
graph above. 
 
As well as learning what segments of metadata exist, this process will enable determining the 
strength of the connections, with translation to user demands. Furthermore, it is possible to 
gather knowledge about what metadata will be available for Archives (here in the Institution 
sense) and cross-reference it with their requirements. 
 
Although this segmentation is at first sight time-based, it is actually the first step to have an 
applicability driven segmentation, because in order to determine the longevity of the metadata 
elements that are part of the workflow, considerations on its applicability will have to be 
performed. 
 
Being this an evolving process, especially with data resultant from research yet to take place, an 
initial set of procedures for creating a data model has been established and the set of segments 
initialized to be dynamically updated throughout the project. 
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3.3.1.4 Security 
These first user requirements are established according to current understanding of DCI 
specifications and interactions of the EDCine partners with the actors of the DC chain. They will 
be refined after analysis of the survey results and a comparison with the reality of the users shall 
be done. 
 
Each user and actor in digital cinema business has his own requirements regarding security 
aspects. We will consider each of them and point out those specificities. 
  
Exhibitors - Cinema exhibition is leaded by a “show must go on” motto. The design and 
enforcement of the whole DC security must insure security related activities will not hamper 
exhibitors to organize shows and exhibit content. Practically speaking, exhibitors don't care 
much about security as long as they are able to proceed with their activities. Therefore, security 
aspects must be as transparent as possible to the exhibitor. Equipment price and usage should not 
imply big investment for the exhibitor (like special skilled projectionist or need for expensive 
piece of equipment as back up systems, etc …).  
 
Movie owners – Security is a major concern for movie owners. Migration from 35mm reels to 
digital hard drives is seen as a release of digital content in the open world and brings fear of 
massive piracy. Movie owners require that security enforces the respect of their copyrights and 
usages rules. Nevertheless, it seems that big studios do not want to manage all aspects of security 
themselves and rather delegate those requirements to equipment manufacturers and distributors. 
On another point of view, independent producers wish to benefit from this migration and not 
being stucked outside of DC industry because of mandatory security aspects they can’t afford. 
 
Distributors & Equipment manufacturers – As they are considered by the studios to be the 
security proxy enforcing copyrights and usage rules in a proper way, distributors and equipment 
manufacturers will have to bend to those constrains. Their requirements will probably be defined 
by the movie owners. It is worth noting both distribution and equipment manufacturing 
businesses have to profitable unless no companies will invest in R&D in this domain, especially 
if security requirements clamped by studio convey improper certification processes and costs. 
 

3.4   Survey for Advanced Cinema Experience 
 
After having globally surveyed the professional European cinema field, a survey for the 
professionals to complete have been created. I has been structured in three different sections by 
professional profile, in order to be more flexible in the kind of questions that were asked, even 
though a series of general questions are common to all profiles. These profiles are: Exhibitors, 
Distributors and Post-Production. We are waiting for others profiles to be created in order to 
launch this survey project in the whole Europe. 
 
This survey will have two direct goals and an even more important indirect one. The two direct 
goals will be firstly to know better the European cinema professionals, thanks to a profiling part, 
and secondly to make an inventory of fears and expectations Digital Cinema is arising on them. 
Once the results of the survey are analyzed and recorded, the conclusions – whatever they might 
be – will have a great impact on the EDCine project credibility. Indeed, it will show the 
commitment of EDCine to analyze the European cinema industry and make it evolve towards a 
consensual European alternative. 
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The Digital Cinema survey operation was launched in January the 8th 2007. It has been spread 
through all EDCine partner’s contacts in the industry, and around 500 emails sent to cinema 
professionals gathered in public databases. In order to gather as much relevant information as 
possible, a minimum laps of 45 days was necessary, hence the deadline set to February the 18th .  
 
 

3.4.1 Foreword 
 
This section presents the transcription of a very large selection of answers. Note that for the sake 
of conciseness it only presents for each question the answer that received the most answers only. 
The other propositions are however available in the annex, where all survey questions and all 
survey answers are presented. In that latter document you will also find the distribution of 
answers for each question and furthermost the collection of professionals heartfelt comments, 
that are just as illustrative as the main answers.  
 
Whether the number of answers make the results significant or not is in the eye of the beholder, 
and depends on the aim and context of their use. Either way, there are quite a few that are not 
significant, independently of the context or aim, and have to be referred to with precaution. 
However, it has been without a doubt a great opportunity for European cinema professionals to 
express their views, and those that have taken advantage of this opportunity (and taken the time 
to go through all the many questions) are without a doubt the most motivated and dynamic 
professionals of those numerous that received or heard about this survey, and those professionals 
(pioneers and early adopters?) are those that finally count. More importantly, this latter fact has 
lead to high quality answers (answers very often converge, comments are often used to illustrate 
the answer, etc.) and this is true even for those answers that are not significant in number. 
 

3.4.2 Survey highlights 
 

3.4.2.1 Personal profile 
 

Personal data 
− This survey collected about 1700 answers to 134 answered questions. 
− The target group consisted of 43% in the age range of 45-55, and 30% belong to the age 

group of 35-45.  
− 86% of the population who answered are Male.  
Cinema habits 
− 56% of the group have been to the movies for leisure more than 15 times during the last 

year and 21% visited between 5 to 15 times. 
− Also, 50% of the target prefer to watch Art-house type movies and 40% prefer to watch 

commercial movies. 
DC experience 
− 86% of the target group have already had a personal experience in digital projection. Of 

these, 90% of the people enjoyed the experience. See the complete answer report for user 
comments. 

Personal opinion about digital cinema 
− 56% of the population think that the cinema closest to their house already has at least one 

digital screen. 
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− 23% of the population feel that the main advantage of Digital cinema is that it will 
provide a better cinema experience with better image and sound quality.17% of the target 
feels that Digital cinema will reduce business cost and also increase movie choice. 15% 
feel that it will improve the impact of smaller cinemas.  

 
Comments: 1700 answers to 134 answered questions leaves an average of about 13 answers 

per question asked. Also, the fact that 56% of the target group has been to the movies 
more than 15 times in the past year and furthermore that they already have experienced 
digital cinema and virtually all of them enjoyed the experience are all very positive 
figures. Professionals of this target group being mainly open to Digital Cinema is also an 
important figure in the context of this survey.  

 
 

3.4.2.2 Organization profile 
 

Organization data 
− 20% of the participants had their headquarters placed in Belgium and in Italy. 14% had 

their headquarters in France and Germany. 10% had their headquarters in Spain and 
Finland.  

− 70% of participants were Private organizations with an approximate size of organisation 
staff between 1-29 people.  

− All participants have a world wide audience. 
Organisation role 
− 45% of the organization belonged to production and post-production 
− 27% where Exhibitors  
− 10% where Distributors 
− Additionally, 18% of the group belonged to Research and Consulting 
Digital cinema position 
− On questioning about the Digital Cinema position of the organization there was an equal 

50% distribution between those who already have an internal service responsible for DC 
handling and those that did not.  

− 80% of the organization felt that they will have a positive influence of Digital Cinema on 
their business.  

− Regarding the timeframe evolution of DC, 80% of the organizations feel that it is about 
to happen.  

− In response to what would be the trigger for their organization to completely focus on 
Digital cinema, 35% felt that their organization didn’t need a trigger since they are 
already are on to it. In a decreasing order the other triggers would be an internationally 
adopted standard, an endorsement from the 7 major Hollywood studios, global digital 
content availability, a well defined business model, the technology to become cheaper 
and to have reliable and affordable equipment. 

− They feel the main challenges that the organization will have to face in order to adapt to 
digital cinema would be technical issues, initial costs and technical complexity. 

Security 
− 70% of the organization felt that the use of a Security Key (KDM) is mandatory. 
− 52% of the participants felt that the security keys should be delivered to the exhibitors by 

the distributors and a 20% felt that a neutral third party should deliver the security keys.  
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− 55% of the group agreed to have a follow-up logs only if permission from the parties 
involved were requested. 40% were willing to have such a follow-up log without any 
restrictions. 

Physical media 
− For the most appropriate means of transport as a substitute for physical media 36% opted 

for Satellite, 33% for XDSL and 22% for Cable. 
Intermissions 
− 82% of the organizations do not use intermissions in movies. 
 

3.4.2.3 Distributor survey 
 

Dubbing 
− 82% of the distributors do not use dubbing. For those who dub movies there is an equal 

33% distribution for dubbing all movies, less than 25% of movies and more than 50% of 
movies. The participants who do dub movies have no particular preference to the type of 
movies and dub almost any type of movies and the task of dubbing is subcontracted to the 
Post-production house. 

Subtitling 
− 70% of distributors subtitle their movies.  
− The languages used for subtitling include Norwegian, English, Spanish, French, German, 

Finnish, Swedish, Dutch, and Catalan. 
Censorship 
− 60% f the distributors do not have to apply a censorship procedure  
− 69% have a rating procedure. 
Hearing and visual impaired help 
− 20% of the distributors provided support for hearing and visual impaired movie goers.  
− 64% of the participants insert their distributor logo at the beginning of the movie and an 

equal 64% feel that their contract forces trailer selection during the pre-show. 
Digital cinema business model 
− 42% of distributors feel that having digital copies instead of 35mm will impact their 

business model by increasing competition and another 28% feel that it will create more 
complex distributor-exhibitor negotiation.  

− 41% of the distributors would use the Internet and 30% would use mobile phones and 
other portable devices to improve their business model.  

Digital cinema project 
− 63% of the participant organizations are currently not equipped for D-cinema are.  
− Of those who are equipped 50% handled digital Advertisements, 30% handled 

commercial movies and a 20% handled arts & independent movies.  
− These organizations also plan to increase this volume in the following year. 
 

3.4.2.4 Exhibitor Survey: 
 

None of the participants are part of an Exhibitor chain. 
 
Certification 
− 40% of the exhibitors have stated that their theatre is compliant to a certain 

standard/recommendation or guideline. Of these 75% follow the DCI standard while the 
rest stated to follow Europa Cinema standards.  



 
 

Page 58 of 243 

35mm: Projection Equipment 
− 63% of the exhibitors feel that the average lifetime of their 35mm projector is more than 

15 years. 
Sound equipment 
− The typical sound system of 87% of the exhibitors is 5.1 Dolby digital.  
− The typical speaker configuration behind the screen varies equally between 3 and 4. For 

surround system 57% have from 4 to 8 speakers and 43% have more than 8 speakers. 
57% have 1 subwoofer and 43% have 2. 

Sound equipment satisfaction 
− 85% of the exhibitors are satisfied with their current sound system.  
− When comparing the contribution of audio in comparison to video in the Digital cinema 

experience 85% feel that image is more important than sound. 
− 57% of the exhibitors are not willing to spend money to renew the sound system.  
Projection 
− 62% of the exhibitors say that their organization is currently equipped for D-cinema and 

of these 80% were planning to increase the number of digital screenings next year.   
− 57% of the exhibitors expect that the average life time of their digital cinema projector 

will be less than 5 years and 42% feel it to be 5 to 10 years. Let us remind here that 63% 
of them feel that the average lifetime of their 35mm projector is more than 15 years. 

− In case of Digital cinema show cancellation 38% of the exhibitors expect the reason to be 
server malfunction and a 30% expect it be because of malfunction of the security system.  

− All the participants are interested in using digital equipment to project 3D movies. 31% 
of exhibitors would use digital installation for HD productions and 19% would use it for 
live broadcasting or documentations and a 12% would use it also for business 
presentations or advertisements.  

 
 
 

3.4.2.5 Postproduction survey 
 

Day-to-day operation practice 
− 88% of the postproduction units archive intermediate steps of their productions.  
− 78% use a file-based workflow.  
− 70% use a 2K projector for projection.  
− For assessing the image quality 44% do an informal quality judgment in a controlled 

environment using calibrated screen or light illumination.  
− 33% use a subjective or objective quality assessment methodology. 
Projection equipment 
− 62% of the post-production companies feel that their content is played back in cinemas 

in the same quality as they produced it.  
Sound equipment 
− The major shortcomings of existing sound system is believed to be Quality of 

loudspeakers or Sampling rate (48kHz).  
− All the participants are interested in a high end spatial master format from which all other 

formats can be generated. 
General 
− In postproduction intermediate steps 53% find it useful to have digital records of settings, 

tools and techniques used in each task and 38% would like to have digital records of 
which task was performed fro which film. 
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Projection equipment 
− 71% of the postproduction organizations are currently equipped for D-cinema. 
− 50% of the post production companies plan to increase the number of digital screenings 

the following year by more than 25%.  
− 66% of the participants expect the average lifetime of the digital cinema projector to be 

less than 5 years  
− 33% expect to cancel a digital cinema screening for technical reasons once every 6-9 

months or once a year. Of these 50% expect the reason to be server malfunction. 
Technical specification 
− 80% of participants feel that the aspect ratio of 1.85 would be most appropriate for 

Digital cinema.  
− An equal group of 40% feel that the 2K (2048x1080) and 4K (4096x2160) would be 

most appropriate for Digital cinema.  
− 60% of participants feel that the most appropriate frame rate is 25. 24 and 50 are the 

other two chosen frame rates, with a 20% answer rate each. 
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4 Exploitation of Archive Content  

4.1 Overview  
 

4.1.1 Defining the Area of Interest  
 

«For Film Archives, the advent of Digital Technologies means new tools 
and new opportunities to deal with the existing collections, as well as a 
challenge for the future, when new, and contemporary works, often 
produced in a hybrid film-digital environment, will become ‘heritage’ 
themselves. »2   

 
This quotation from the Final Report of the IST project FIRST is helpful in setting the scenario 
that the EDCINE Project is addressing, in that it identifies two areas of research that are on top 
of the priority for the users:  

- How to better exploit the opportunities offered by digital technologies to improve the 
distribution and access of film heritage across European countries via D-Cinema;  

- How to identify strategies and technical solutions for the long term conservation (and 
potentially, the subsequent re-distribution) of contemporary works which are distributed only 
or mainly in a digital form within a D-Cinema distribution model.  

 
These challenges are both major and critical: major because of the complex technical issues and 
problems involved – and the consequent heavy need of research – and critical because of the 
number of works concerned.  
About this last remark, it is important to highlight that the concept of ‘film heritage’ and 
‘archival film’ is in fact much broader than commonly perceived and it includes fairly recent 
productions. There is an almost unanimous consensus on the fact that under the current market 
rules and practices, a movie older than 3 years is to be considered out of its normal life-cycle, 
having completed the ‘natural’ exploitation path through theatrical and DVD distribution, and 
broadcasting via pay-tv and generalist channels, and it is therefore to be considered part of a 
‘catalogue’, in other words, it has become an ‘archival film’, or ‘asset’, being held in a private or 
public archive.  
In other words, following this definition (which is used by many producers and market analysts) 
the 764 films produced in the EU in 2004 are already to be considered ‘archival content’.  
This also defines the dimensions of the problem in terms of number of films since it comes to 
cover 99 years of film production in Europe.  
 
Also the term ‘archive’ must be seen in a broader perspective, because it does not refer only to 
‘public’ or ‘publicly funded’ non-commercial institutions (as film-museums, Cinematheques, 
film archives and film libraries), but it also encompasses the whole range of private for-profit 
entities that own and/or maintain collections of film materials. Private and public archives (we 
assume these simplified terms to identify non-profit, publicly funded institutions and commercial 
entities) share needs and requirements which are very similar if not identical (from a technical 

                                                 
2 “European film heritage on the threshold of the digital era - The FIRST Project’s Final Report”, Brussels, 2004, p. 
7 
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standpoint, the main differences lie only in the different business model and funding vs. 
remuneration strategies).  
This is so much true, that functions do constantly overlap. In fact it is very common that private 
entities (producers, copyright owners) entrust public archives act with the conservation and 
preservation of their assets via voluntary or legal deposit schemes. Similarly, public archives 
have often a significant function in distributing and providing access to film works, and almost 
invariably have a significant activity of screenings through their own cinemas3.  
 
Finally, both public and private archives have in common all the basic activities and processes 
that we will discuss and analyse in the course of this document, and that are the subject of the 
research carried out in the context of EDCINE.  
 
In broad terms, we can identify the following processes and activities:  

1. ingest  
2. cataloguing and metadata production 
3. long term conservation  
4. active preservation and restoration 
5. search and retrieval 
6. collection management  
7. access via analogue (currently, theatrical screenings) and digital channels (currently 

mostly DVD, broadcasting and Internet streaming, and in the future D-Cinema) 
 
As a conclusion, the “Archival” section of the project will address requirements that concern 
both European public and private archives4, and it will take into consideration the workflows 
originated by the need of conserving and re-distributing both ‘archival films’ (defined as works 
produced up to few years ago, which are normally out of their lifecycle and therefore not 
available for distribution), and productions that are currently produced in a digital environment, 
and that will be increasingly distributed in a D-Cinema context.  
 

4.1.2 Overview of Basic Archival Functions  
In broad terms a modern film archive has several functions and activities that can be typified 
with some degree of approximation. It is obvious that different institutions have their different 
priorities, and in some cases specific services are not present at all (e.g. some large public film 
archives do not organise regular screenings, and do not own a theatre). Also, in other cases, 
different services and activities are performed by separate entities that might or not be 
interconnected; for example in some institutions the conservation function is separated from the 
theatres, or from distribution (this is particularly common in countries where large Film 
Institutes exist).  
Also, a more or less complex articulation between different departments is obviously the case for 
studios and copyright owners. 
Still, all these different organisational models do not invalidate the level of simplification that we 
are introducing in this analysis, for at least two main reasons. 
First, because these are exceptions in a context where the largest majority of cases see a vertical 
integration of all (or most) the services under one more or less tight ‘umbrella’.  

                                                 
3 It is worth noting that in terms of audience, archive-owned theatres score relatively well when compared to 
commercial screens. A typical archive screen shows similar and often higher results than the average EU screen, 
which according to Media Salles’ Yearbook 2006 was of 30.800 spectators per screen in 2005.  
4 In the course of this document, the term “archive” – unless otherwise specified – will be used to indicate equally 
public and private, non-profit and for-profit entities.  
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Secondly, because even in those cases in which the process is operationally divided across 
independent and parallel department or even Institutions and entities, the workflow does not 
change, particularly from the technical standpoint, and we can easily trace the same pattern even 
if different parts of the chain are ‘controlled’ by separate departments or entities.  
 
At European level, archives can be categorized broadly in three categories depending on the size 
of their holding:  

- large national archives and few major studios,  
- medium-sized archives (regional or from countries with smaller film productions) 
- small, local archives.  

 
As a rule of thumb, figures indicating the size of archives in each category are the double of the 
preceding one, and half of the following. So, in case of collection size, large national archives 
have holdings exceeding 60.000 titles, medium-sized archives are those with holdings around 
30.000 titles, and small collections are down to 15.000.  
 
The following paragraphs will highlight relevant characteristics of film archives in terms of 
collections and activities. The figures given in the text will mostly refer to the first category, 
because they give a clearer picture of the dimensions of the issues a stake.  
 

4.1.2.1 Collections: size, composition, acquisition, management 
Size 
A typical large European archive (usually located in a country’s capital: London, Paris, Berlin, 
Madrid, Brussels, Rome, etc.) has holdings around or exceeding the 60.000 titles; since of each 
title more than one element (release prints, negatives, interpositives, etc.) are conserved, the 
actual holdings in terms of collection items are at least 2 to 3 times as large.  
Films in their holdings are dated all along film history, starting with silent titles (pre-1930) up to 
films produced last year. 
A large archive is likely to acquire (by voluntary or legal deposit, according to local legislations, 
and by acquisitions) a large number – in excess of 3.000 – of new film elements per year. These 
new acquisitions include films distributed in their own country, and are usually not limited to 
domestic production.  
 
Formats 
In terms of formats, the whole range of formats used in cinematography (as gauges, frame ratios, 
frame rates, colour systems, etc.) is present in the archives and must be taken into consideration.  
Generally speaking, the vast majority of holdings is in 35mm, with some significant amounts of 
16mm; while a  much smaller number of titles are held in 70mm and other formats as 9.5mm, 
28mm, 8mm and S8, etc. All aspect ratios are represented, as well as most sound systems, both 
currently in use and obsolete.  
Concerning frame rates, the vastest majority of sound films in archives’ collections were 
produced at a nominal frame rate of 24fps, while 25 is limited to a smaller number of works 
produced for TV. Much larger (approx. 10%) is the number of films from the silent era (1895-
1928 approx) whose original frame rate is variable (depending on the title and the production 
year) between 16 and 24 fps.  
Frame rates higher than 25 exist only in a handful of films, and are not really significant in the 
overall picture.  
 
Most archives are already confronted with requests of accepting digital masters (on some sort of 
HD tape or hard disc drives) as deposit when works are shot and/or post-produced digitally. 
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Currently, film archives are not keen to accept such deposits, being concerned about their long 
term conservation. Whenever possible (as in the case of law-regulated legal deposit) they opt for 
film materials, as newly recorded ‘digital’ negatives (or negatives re-recorded out of a DI-Digital 
Intermediate process). Incidentally, this is also the rule at studios, both in the EU and in North 
America. As a result, digital files derived from a DI are almost never retained, and if so they are 
just ‘shelved’ in their native formats and media, without any active conservation strategy.  
 
Non-film 
Although the focus of EDCINE is on analogue and digital film collections, it is worth 
mentioning here that most public and private archives usually hold vast collections of non-film 
materials, as photos, publicity materials, documentation and such (not to mention the fact that 
most public archives have also a library). These collections are often quite significant, in terms 
of importance (e.g. legal documents, publicity materials, scripts and screenplays), economic 
value (as per photos), and cultural value (all of the above plus press books, paper clippings, etc). 
In terms of size of collections, for a large archive we are talking millions of clips and photos, 
tens of thousand posters and publicity materials, etc.  
 
Video 
Finally, public and private film archives hold, store and manage collections of video materials, 
which fall into two main categories.  
The first concerns TV programmes because many film archives are also actively gathering and 
conserving TV programs, and their collections can be quite relevant (e.g. the National Film and 
Television Archive in London claims a collection of 250.000 TV titles).  
The second category includes video masters and viewing copies of films held in the collections. 
In fact, almost invariably, film archives regularly produce video copies and screener; these are 
mainly low quality materials meant for preview or study specific titles in the collections, or 
broadcast-quality masters for TV or DVD.  
In many archives, this activity started as early as the ´80s, so collections include possibly all 
formats, both analogue and digital, consumer-oriented (VHS, DVD) semi- or professional (like 
U-Matic, Betacam, DigiBetas, even D1 and D5, up to more recent HD formats). Although these 
copies and masters are not irreplaceable (the original films are still in the collections), they can 
be quite valuable because of the costs incurred to produce them, particularly in the case of TV 
masters, which often underwent some degree of restoration.  
Obviously, these masters and copies play a major role in the strategies of access and distribution 
of the archives, because they are ‘ready to go’ and meet the needs of the users (for all purposes 
but theatrical projection).  
 
Cataloguing and management 
Because of their dimensions, all film archives collections are managed through databases, which 
usually handle descriptive metadata and perform collection management.  
 
The level of standardisation for descriptive and collection management metadata among archives 
is very low (if it exists, it is only between few archives in the same country). Nevertheless, it is 
worth noting that although metadata schemes to a large extent differ from one archive to another, 
they also largely overlap. In other words, the information gathered and recorded are basically the 
same, simply they are organised differently, and by using a wide range of database software, 
often incompatible. Fortunately, current technologies and procedures of exporting and mapping 
differing database schemes would allow or the creation of common grounds and union 
catalogues, although most likely these are not going to be interoperable and open to each other – 
in other terms, archives will have to exchange data through interfaces, and not in a dynamic way.   
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In general, databases are arranged around a main record, which refers to one specific work 
identified by the (original) title and to which some sort of ‘second-level records’ are attached, 
(usually) one per each film, video or digital element held in the archive of the work identified in 
the ‘main-level record’. The ways in which this relationship is established vary depending on the 
metadata scheme and on the software used, but the principle is generally valid.  
‘Main-level records’ basically contain descriptive metadata. Copyright and restrictions of use are 
usually stored at this level (but they are almost invariably hidden to external users).  
‘Second-level records’ contain information specific to each individual element, useful mainly for 
collection maintenance and management. They usually include information such as media and 
format of the element, length (or duration), location, number of physical items making up the 
element (e.g. nr of reels or tapes), element type, etc. They might also include subjective (more 
rarely objective) quality remarks, and also data on usage, like loans and/or access by external or 
internal users, internal screenings, quality checks, processing (as per cleaning or repairs), etc. As 
it is to be expected, the precision and the extent of the information stored at this level vary 
significantly from one archive to another.  
Information on different versions (e.g. dubbed or subtitled, shortened or censored) is usually kept 
at the level of individual elements.  
 
Some archives also record ‘family trees’ of each element, in other words from which element in 
the collections a new element is derived (e.g. of film X, one negative X1 is conserved, of the two 
release prints in the collections print Y1 was produced from negative X1, while print Y2 came 
from another source).  
 
Databases with information on the collections are usually available internally to the staff (or to 
selected staff members), while the general public either does not have access to it or only to 
specific sections (e.g. public domain films). Having this said, there is a growing tendency among 
archives to provide a more open access to cataloguing information via online services, and 
already some important catalogues are online, sometimes with possibility of streaming content.  
 

4.1.2.2 Conservation and Preservation Policies 
In film archiving terms, it is common to make a distinction between ‘passive conservation’ (like 
storage) and ‘active conservation’ (as per producing safeguard copies): the first being referred to 
simply as conservation, the latter as preservation.  
 
Archives have established relatively sound practices to passively conserve their analogue film 
collections - largely based on studies carried out by the Image Permanence Institute (Rochester, 
NY)5 – largely relying on strictly controlled environmental conditions under which film elements 
are stored. By applying these very strict parameters (temperatures as low as -5°C, relative 
humidity as low as 35%), life expectancy of film materials can be extended to several hundreds 
of years. The drawback is that accessing films stored under such stringent conditions is costly, 
time-consuming and, even worse, damaging for the films if access is repeated too often.  
 
Similarly, relatively sound strategies for preservation via analogue duplication have been in use 
for decades. Evidently, these suffer all the drawbacks and the shortcomings of any analogue 
duplication (as generational loss of quality, imperfect results for obsolete colour processes and 
formats, etc.). More recently, another set of problems is coming to the foreground, because it has 
become increasingly more complex for film archives to find laboratories that can carry out high 
quality analogue preservation. This is particularly true in Europe, and it is due to a relatively low 

                                                 
5 See http://www.imagepermanenceinstitute.org/ 
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demand (not supported by the private sector as it is in the US), to a progressive loss of highly 
skilled labour in the laboratories, and to a general crisis of the analogue post-production sector 
due to the advent of digital post-production processes.  
Besides, the cost and complexity of obtaining high quality analogue work is not always 
counterbalanced by the advantages of creating a 35mm access print, which under the current film 
distribution market is extremely difficult to be able to screen outside the doors of an archive’s 
own theatre.  
 
On the other hand, all archives – public and private – are very well aware that there is no reliable 
strategy for the preservation of digital data6 mainly because of format and media obsolescence.  
This translates in the fact that digital technologies are used to produce access copies, also high 
quality masters with a significant degree of restoration involved, but that archives do not have 
any specific strategy for the conservation of the resulting masters. 
The same evidently applies in a broader sense to all ‘digital objects’ stored in archives, including 
masters derived from Digital Intermediate processes.  
 
The issue of medium to long term preservation of digital data is a serious concern for all 
archives. Although it is true that original elements are still stored in their vaults, the risk is to 
loose or seriously compromise the costs incurred in the production of digital copies and masters, 
and digital restorations.  
Most digital restoration projects are both complex and time consuming, and they require 
significant investments: in the past few years, a number of extremely expensive restoration 
projects have been undertaken by archives and copyright owners, with budgets calculated in six 
figures (e.g. Murnau Stiftung/Bundesarchiv’s Metropolis, Muenchner Filmmuseum’s Lola 
Montez, Paramount’s Sunset Boulevard and Roman Holidays, Fox’s Sound of Music, South 
Pacific and Carousel, etc.).  
Currently, the only conservation strategy for such projects consists in producing new film 
elements and storing them ‘traditionally’, while data are probably doomed to disappear. This is 
clearly not the way to go in the long term.  
Producing digital masters for TV and DVD or low quality copies for access requires lower costs 
per unit produced, but the number of stored digital elements is much higher, so the overall 
resulting investment is also very high, definitely much higher than the value of all digital 
restorations. Besides, these masters, aimed for broadcasting and DVD, are usually produced at 
SD (now, growingly at HD) quality, and consequently a transfer onto film wouldn’t make any 
sense (apart from being too expensive).    
 

4.1.2.3 Main Access Models 
Access to film content stored by European private and public film archives offers a complex 
scenario and many different practices and models. Actually, as we will see, public archives offer 
more differentiated access strategies than private ones.  
 
A general overview is given in the following chart:  
 
Access models  Public 

archives 
Private 
archives 

Currently on 
film / digital 

Potentially 
Digital 

Individual viewings Yes No both Yes 
Educational screenings Yes No film Yes 

                                                 
6 See “European film heritage on the threshold of the digital era - The FIRST Project’s Final Report”, Brussels, 
2004, p. 30 
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Screenings (internal) Yes No film Yes 
Distribution to theatres Yes Rarely film Yes 
Inter-archival loans Yes No film Yes 
Digital projection Rarely Rarely Digital  
DVD  Limited Strong Digital  
Broadcasting Limited Strong Digital  
Internet streaming Limited Limited Digital  
 
Already at first glance the chart shows the complexity of the picture, and consequently the wide 
spectrum of needs and requirements the archives have in this field.  
 
The importance, size, and economic and commercial relevance of some of the above mentioned 
access and distribution models – like DVD and Broadcast - are quite evident and it is not needed 
to comment on that in this document.  
 
Some words can be said about those more specific to film archives.  
In general terms, films conserved by public archives are accessible via public screenings, 
individual viewing, loans and, in some interesting cases, distribution to local art houses and 
commercial theatres.  
 
Public screenings are definitely the most common and traditional form of access. Most public 
archives have their own theatres, or at least have a regular activity of programming one or more 
screens, usually located in their town (although in some cases programming is also performed in 
other towns). A typical public archive’s theatre is active throughout the year, with 3 to 4 
screenings per day, seven days a week, and the average attendance is pretty high, averaging 
around 30/40.000 viewers per year per screen (which is relatively high, even compared with 
commercial theatres).  
It is important to point out that programmes in a film archive’s theatre are rarely repeated, with 
one title shown only once or anyway few times in the program, this translates in a rather large 
turnover of prints, which almost invariably come from the archive itself or from other private or 
public archives, the number of ‘first run’ shows being relatively small.   
 
To the regular – programmed and ‘ticketed’ – screenings, almost all archives add educational 
activities, group screenings for schools and higher learning institutions. These can easily reach 
the range of between 100 and 200 per year. 
 
Films are also accessible via individual viewings, depending on the archive, these are done on 
some sort of electronic media (VHS, growingly DVDs) or on film. The number of such 
individual viewings varies significantly, with figures ranging from few hundreds (in the case of 
access to film prints) to few thousands (for videos) per archive per year.  
 
Archives also have a regular activity of film loans, generally to other archives, art houses, 
repertoire theatres, and festivals.  
Again, it is extremely difficult to generalize since figures vary enormously, depending on the 
size of the archive, its policies towards access, and the nature and interest of its catalogue. It is 
not uncommon that the overall number of such loans for a large public archive is around 500 per 
year, with archives reaching and surpassing the thousand loans over one year.  
This figure is particularly interesting in the context of any D-Cinema application in this context, 
for two reasons. First, because this is the type of access/distribution model that might turn to D-
Cinema sooner in film archives. And secondly because it shows that once the archives will start 
providing access to D-Cinema copies for screenings, the number of digital copies they will have 
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to store and manage will be very high. In fact, although it is not uncommon that among the 500 
loans there are many repeats (classic, new restorations, etc.), most of them are on different titles.  
It is also worth mentioning that there are few cases in which public archives have undertaken a 
real activity of distribution on a commercial (although always non-profit) base, targeting art 
houses and specialty cinemas, and carefully selecting titles for their cultural interest and for their 
‘appeal’ towards audiences. Also in this case, the number of screenings can be rather high (one 
public archive had some 600 such ‘commercial’ loans in 2006), and the pool of titles although 
not too large is still significant, if seen in the perspective of a D-Cinema distribution.  
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4.2 Current Situation 
As we discussed in the previous section 4.1, the landscape of film archives is quite complex, in 
terms of differences between public and commercial archives, in differences among entities 
within these categories, and finally in terms of functions, activities and services.  
 
The present section will try to map all these characteristics as a prerequisite and a foundation to 
the following definition of user requirements.  
 

4.2.1 Functions of Film Archives and Business Cases 
The basic functions of any film archive can be divided into a set of operational functions 
constantly and interactively interrelated, which are enabled by a separate set of support services 
(administrative, control, metadata creation and handling) operating at a higher level, which 
encompasses and permeates all the others.  
 
The model can be described as follows.  

Fig 24 – Model and support services 

4.2.1.1 Archives’ Operational Functions 
Acquisition / Ingest  
Archives have different models, policies, and procedures for acquiring/receiving new items for 
their collections, depending on a number of factors, like legal/voluntary deposit for public 
archives, internal corporate procedures for commercial entities.  
In the context of this project, this is relevant only in the sense that a constant inflow of new 
materials implies a constant change in the characteristics of the newly acquired materials. For 
example, archives are growingly confronted with the issue of acquiring / receiving materials 
produced in a DI environment, in the form of digital data.  
Clearly, depending on the type and characteristics of media and content, as well as on the 
procedures of acquisition7, archives will have to implement different ingest procedures.  
From the technical point of view, ingest policies might or not require some sort of re-formatting 
(in case only certain media or formats are accepted) or more or less extensive metadata 
production and research.  

                                                 
7 For example, content acquired directly from a production unit within a corporate archive is likely to come with a 
full set of descriptive and technical metadata, which might not be the case for deposits at public archives.  
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Obviously, ingest is not performed only on materials coming from outside the archive, but also 
on new elements produced within the archive, like new masters or copies produced by 
preservation, restoration or access.  
It is also important to include in this function, the activity of ‘de-accessioning’, i.e. the deliberate 
removal of one or more assets (copies or complete works) from the archive. This could be 
originated by a wide variety or reasons, either technical (obsolete formats or media, poor quality, 
legal or contractual obligations, etc.)  
 
Conservation  
The primary function of any archive, “Conservation” here refers to ‘passive conservation’ and it 
is therefore usually limited to analogue materials, but includes highly skilled and complex 
processes as selection of masters and master-copies (i.e. release, low quality that technically are 
not ‘masters’, but are considered as such because they are the only representation of the content 
– a VHS could be a master-copy if no other recording of that specific program exists elsewhere), 
or definition of conservation and storage management policies (e.g. the definition of categories 
of materials that are to be stored under different conditions or in different locations).  
Access policies are usually checked against limitations imposed by conservation policies – as in 
the case of not allowing access to certain categories of materials.  
 
Preservation  
In this context is a synonymous with ‘active conservation’, therefore including both analogue 
materials and digital data, and it includes all technical and scholarly processes and procedures 
actively performed and necessary to guarantee the safeguard of the collections, as for example 
analogue duplication, mirroring digital data, etc.  
It does also include all processes of copying and duplicating analogue or digital assets when 
necessary in order to provide access to them - e.g. producing a new release print (or a D-Cinema 
master) off a negative conserved in the archive for the purpose of being able to screen it.  
Obviously, both preservation and conservation are applied to the whole range of possible media 
formats and content types that are stored in an archive. As we saw in earlier parts, this often 
include a long list of legacy formats and processes, each with a different set of conservation 
problems.  
 
Restoration / Reformatting  
Again a central function in most archives, it refers to all the processes necessary to modify an 
existing element in order to make it accessible to the users. For sake of understanding, the two 
terms we are using refer to two broad categories of processing.  
On one hand restoration indicates all the processes (image repair, sound clean-up, editing) that 
are necessary in order to improve the existing materials whenever their quality is insufficient of 
too far from the original characteristics of the original work. Examples include incomplete 
elements which require to be edited together with others in order to complete the work, or poor 
image or sound quality due to conservation problems or to the story of the work itself. Usually 
restoration does also involve reformatting, to some degree.   
Reformatting is used in very broad terms to indicate all processes required to make the content 
available, and made necessary because the format or medium of the original elements are not 
suitable for access. Examples include (but are not limited to) copying nitrate originals onto safety 
film stock, format change for film elements (e.g. from 16 to 35mm for broader distribution), 
format migration in case of analogue video or digital, simple transfers from film to some sort of 
digital format for access purposes, downmix or upmix of sound, or re-encoding to a current 
sound system from an obsolete one, etc.  
Evidently, the whole area of restoration /reformatting is dependant on access policies and models 
in place in the archive.   
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Access 
As we saw earlier, access takes extremely different forms and shapes in film archives, from 
intra-institutional loans and exchanges to growing examples of Internet streaming.  
The two most important single characteristics of any archive’s access models are that  

- it requires retrieving and delivering a very high number of items in a collection 
- it requires delivery via a growing number of channels to a growing number of platforms 

 
Concerning the volume of film elements that are accessed for one reason or another (public and 
private screenings in theatres, loans to other institutions, access service provided to donors and 
owners, distribution, etc.) and taking the Cinémathèque Royale in Brussels as an example, 6.000 
film elements are moved out of the collections in one year (although we do not have statistics on 
the number of titles, it is reasonable to assume that these amount to almost 90% of this figure).  
Although similar statistics are not available for private archives (producers, studios, etc.) if we 
consider the number of DVD produced in the EU in one year and the licenses to cable and 
broadcasters, numbers are evidently also very high.  
 
If we take a systemic view on the film archive sector (public + private), the variety of delivery 
channels and platforms is also impressive, and it covers almost all the possible access models 
and formats (from film to high quality data, from HD down to streaming formats).  
 
Access on film 
 Theatre/s  
  Own theatre(s) (B2C) 
   Programme screenings 
   Group screenings 
   Individual screenings 
  Other theatres (B2B) 
   Other archives  
   Commercial theatres 
   Festivals, retrospectives 
  Internal viewings (B2C) 
   Viewing tables 
 Other entities (B2B) 
  Other commercial entities accessing their own deposited materials 
  Other commercial entities accessing co-produced materials 
  Licensing (new productions, commercials, etc.)  
  Licensing (materials for DVD bonuses as newsreels, interviews, etc.)  
Access on Digital formats 
 Theatre/s  
  Own digital theatre(s) (B2C) 
   Programme screenings 
   Group screenings 
   Individual screenings 
  Other theatres (digital projection) (B2B) 
   Other archives  
   Commercial theatres 
   Festivals, retrospectives 
  Internal viewings (B2C) 
   Private Viewings 
 Other entities (B2B) 
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  Broadcasters and cables: digital masters (HD / SD) 
  Other commercial entities accessing co-produced materials (HD / SD / Data) 
  Licensing (new productions, commercials, etc.) (HD / SD / Data) 
  Licensing (materials for DVD bonuses as newsreels, interviews, etc.) (HD / SD) 
 Internet streaming (whole range of formats)  
  To private viewers (B2C) 
  To commercial users (as per preview purposes) (B2B)  
 
It is also worth noting, as a conclusion, that most “digital accesses” do replicate “accesses on 
film”, and this clearly indicates a trend that is gathering momentum. In other words, it is to be 
expected that in the near future – if appropriate technical solutions are available – many forms of 
access on film will be progressively abandoned in favour of digital access.  
 

4.2.1.2 Archives’ Support Services 
Cataloguing / Metadata  
As it is obvious, the key component of any archive worth the name is an efficient and effective 
catalogue able to describe the collections in terms of assets and of elements held for each asset, 
and containing both descriptive and administrative metadata.  
Descriptive and management metadata obviously, must be dynamically linked with the 
collections, and they are at the core of any activity of the archive, from acquisition to access. As 
we mentioned earlier, processed and procedures by which metadata is produced or ingested 
together with new elements differ significantly, but it is clear that metadata processing must start 
at the ingest level.  
 
In the case of film archives, the task is made more complex by the fact that vast collections of 
analogue materials (on film and on tape, but also paper, printed materials, artefacts, stills, etc.) 
must coexist (and will always coexist) with a growing number of digital objects, either stored as 
files, or as digital video formats.   
A problem is in fact that metadata schemes and their conceptual designs in use in film archives 
are designed only to cope with the handling and managing of physical objects (films, eventually 
tapes), and need to be adapted to handle digital objects as well as physical objects, and also the 
dynamic relationships between physical items and digital objects.  
A key challenge in this context is the management of technical metadata for long term storage of 
digital files for D-Cinema or at lower resolutions. Currently there are no standards in place in 
this domain, although this is a critical point, considering how fast the technology evolves and the 
consequent problems archives will have to face in the future to open or correctly display a then 
obsolete format.  
 
Collection management  
This support service covers the whole range of processes and procedures related to the 
management and handling of analogue and digital collections, supporting all functions across the 
archive that rely on using assets from the collections, starting from ingest and acquisitions, to 
preservation and access.  
Its role is strongly tied to metadata production and handling, on which it relies for identifying 
titles and setting priorities for conservation and preservation, and to which it contributes a great 
deal of administrative metadata about the collections.  
As it was mentioned above, it will have to deploy strategies to effectively deal with mixed 
analogue/digital collections.  
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Administration 
Another key function of the archive, whose scope is beyond the interests of this project, with the 
exception of the fact that both collection management and access control services will have to 
rely and to interact with administration to effectively carry out their tasks.  
 
Access control  
Although in traditional archives this function is not considered as an independent function, and it 
is usually somehow performed in a “grey area” between administration and collection 
management, access control acquires a much higher level of importance in the context of mixed 
digital and analogue collections, and therefore it deserves being identified as a separate service 
within the archive.  
In a traditional, analogue environment access control was managed in a rather simple way, by 
controlling the physical objects. A set of keys given to a responsible person was all it used to 
take. Clearly, this is not the case anymore.  
Access control refers to all the procedures, policies, rules and technical solutions implemented to 
control “what can be accessed by whom, when, where and how”.  
This definition clearly encompasses not only external users, but it must include also staff 
members who, depending on their role in the life-cycle of a specific asset, are given a certain set 
of access privileges to data and metadata (view only, view and modify, etc.). 
The basic principle is not new to archives, where for example the programming department 
could have access to release prints, but never to printing elements, and nobody but ‘cataloguing’ 
could modify catalogue records, but it gets much more complex in the context of digital 
/analogue collections, where both essence data and metadata can be easily modified by anybody 
at any moment, if access control is not in place.  
As we mentioned before, this service must exercise control not only on who (in the staff and 
outside) and what (which title, but also which element of a title) but also when and how.  
In terms of when, there are a number of different possible answers and cases. For example, in an 
archive attached to a commercial production company, a certain asset cannot be accessed before 
a certain date – for example the day when the film is distributed, or when it officially starts its 
exploitation cycle, and it becomes officially a title in the ‘catalogue’. As another example, in a 
public archive a given work could be in the process of being restored, and this might imply that 
no others but the technical department has the privilege to access it – cataloguing, for example, 
should not be allowed to index the content, because the film needs editing and any timeline-
based reference would become useless afterwards. Or after one title is restored, access to 
previous unrestored versions could be blocked to unauthorized users.   
Where. Many archives have limitations in terms of the location where the access takes place. For 
example, a given title might not be available for a certain territory; more commonly for public 
archives, a large part of the collections might be available only when accessed “on site”, i.e. 
within the premises of the archives. Things can get more complex when the archive has more 
than one location, maybe dispersed geographically in a broader area (town, region).    
How. When in a digital environment an archive provides access via a wide range of channels and 
at a wide range of different qualities, access control must also make sure that authorized persons 
(or entities) have access to the version they are authorised for, and no other. For example, a user 
can access a low quality, highly compressed file on Internet streaming, but definitely not the 
same title’s D-Cinema version. In some instances, access control could and should be also able 
to determine for which display or hardware, the access is granted or not.  
Clearly, access control relies heavily on metadata produced by all previous services: cataloguing 
for correctly identifying titles and versions (so that a Spanish-language version is not made 
available to a Portuguese-speaking broadcaster), collection management to locate the appropriate 
element to be used (so that access is not granted to a film print which is out on loan, or which 
was de-accessioned one year earlier), and administration to make sure that the appropriate 
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authorizations (e.g. to know if a given employee is still a member of the staff) and transactions 
(e.g. if a payment is required) are in place.  
 

4.2.1.3 Business Cases and Models 
It is self evident that it is very complex to generalize when it comes to business models applied 
to a rather wide variety of entities differing in dimensions, location, characteristics and size of 
collections, primary goals and vocation, political and economical contexts they operate in, etc. 
And even more so if they are in both the commercial and non-commercial sectors. 
Still, it is also critical that while defining the user requirements, we characterize not only the 
users we refer to, but also the business models supporting their activities. Clearly, the business 
models analysis that we propose here will have to be extremely simplified.  
 
In section 4.1 we pointed out how the concept of ‘archive’ as used in this document has some 
degree of abstraction. In other terms, to the extent of possible, we will try to define functions; 
activities and roles archives play independently of their formal organisational structure. In the 
case of public archives, we will deal with functions (hence business models) that might in reality 
be carried out by different departments, or even different legal entities whose interrelation might 
be looser or tighter. For example, in some cases collection management and conservation are 
separate from access, and this might further divided between ‘commercial’ and non-commercial 
access, theatrical programming and Internet streaming, and so forth. 
Even more diversified is the picture for private archives attached as they are to a variety of 
studios, production companies, copyright owners, etc. In this case, it is very common that 
different functions (conservation, preservation, digitization, access, distribution, and so forth) are 
given to different departments of the same company or even to entities legally and formally 
separated.  
On the other hand, it is also clear that all these different models - with varying degrees of internal 
articulation across entities and departments - can and should be analysed jointly, because they 
are in fact part of a unique workflow, and because at some point in the organisational structure 
(at the level of company, holding group, Institution, Ministry etc.) they all come together.  
 
The first, basic distinction is of course between private and public archives because of the radical 
difference in their funding sources. Having this said, both categories share basically the same 
two basic functions of conservation (active and passive) and access; each individual entity and 
institution will have its own balance between these two functions: some will be more 
conservation-oriented, others more access-oriented because of their history and collections.   
 
Public archives 
In general terms, public archives are defined as archives that, independently from being legally a 
private entity or a public Institution, operate under non-profit rules, and with their basic funding 
coming from public sources.  
In this case, it is obviously difficult to define a strict and unambiguous relationship between 
funding levels and activities and results, because (too) often political considerations come into 
the picture. 
It is nevertheless reasonable to say that these funds are somehow (even loosely) related to the 
capacity of the individual archive to demonstrate that it meets its own priorities and vocation, 
which are generally defined (as per most archives’ statutes and rules) as ‘collecting and 
preserving for future generations, and providing access for study and research purposes to films 
and cinema-related artefacts, documents and other objects’. Again, depending on the archive, a 
different accent can be on preservation vs. access, and on film vs. non-film collections.  
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Traditionally, acquisition and preservation have been the core functions of film archives, with 
few major archives still having this as their primary vocation (it is mostly the case of the larger 
national archives), but it is also important to stress that even the archives having conservation at 
the centre of their concerns, and even those not having a theatre or a regular program of 
screenings, have traditionally played an important function in the access area, by making films 
available to other Institutions and theatres for screenings.  
Not to mention the fact that public archives also perform an important role of storing and 
conserving films on behalf of the local industry within the framework of legal or voluntary (or 
both) deposit schemes, thus providing an indirect support to the industry, particularly valuable in 
down-times, i.e. in periods of crisis or when archival films are not commercially viable (e.g. the 
long period of crisis in 70s).  
A similar role of support to the industry concerns the activities of preservation and restoration. 
Differently from the US, where the studios are actively involved in preservation and restoration, 
and eventually support film archives working on titles they control, the situation in the EU is 
generally reversed, with public archives often supporting all (or most) of  the costs to preserve 
and restore titles that are usually privately owned. This practice is driven by the archives’ 
vocation of preserving the films held in their collections, and on the fact that EU industry is often 
not interested, or does have the means to undertake costly restoration projects. At the end of the 
process, owners have access to the restored elements to exploit them commercially (TV, DVDs 
etc.)  
 
As a general consideration, under the current political and cultural ‘atmosphere’ is growingly 
placing an accent to access, seen as a service to the public. At present, it is in general unlikely 
that an archive can justify its existence (and funding levels) without showing that access is a 
relevant part of its activities.  
 
Finally, we must also mention the fact that all archives have some sort of revenue-generating 
schemes connected to the use of their collections. Besides the revenues generated by their own 
theatre(s), they might provide services for a fee (at least to cover costs) for accessing the 
collections for cultural or commercial purposes, they may provide a service by digitising 
collection items (currently, it is common with photos and posters), whenever they own the rights, 
or the films are Public Domain, they all license clips to commercial entities. Although in general 
(with some significant exceptions) these revenue-generating activities are not extremely 
profitable, they are often critical to supplement the constantly shrinking public funds archives 
receive, and to support access initiatives that would be otherwise impossible.  
 
In conclusion, the following chart summarizes the components of a general, overall business 
models for public archives.  
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Fig 25 - Components of a general business models for public archives 
 
Private archives 
With the obvious exception of their primary source of funding, of a clear correlation existing 
between available resources and performances, and of the fact that they are clearly run ‘for 
profit’, the business model for private archives is not too dissimilar to the one of public archives, 
at least in broad terms.  
 
As in the case of basic archival functions, which are generally identical, many revenue-
generating activities of private archives match those of the public ones.  
Obviously, these activities have a completely different relative and absolute weight. Where 
public archives have only occasionally programs of DVD production, or of licensing to thirds 
and broadcasters, these are major source of revenues for private archives, because there control 
of the physical asset and of the copyright coincide.  
 
There is no real need to highlight the fact that DVD distribution, together with TV licensing, are 
at present the major sources of revenues, and reasons for existence for private film archives.  
Clearly, revenues from archival films’ DVDs cannot be compared to those from new releases 
(although it is worth noting that private archives are usually involved in the conservation and 
preservation of new releases as well, so they somehow fall under their responsibilities), it is true 
that ‘old films’ on DVD are a significant section of the market (together with ‘historical’ TV 
series).  
As an example, a look into current Top lists for DVD sales8 highlights an important presence of 
‘archival films’: 9 films produced prior to 2000 make it in the UK top list, and 11 in the US, in 
France 45 of the top 100 are pre-2000. In UK the best-scoring ‘archival film’ is no. 32, no. 42 in 
the US, and a surprising no. 9 in France.  

                                                 
8 Relative to the first week of February 2007, sources: Amazon for UK and US, FNAC for France.  
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Furthermore, if we look into DVD distribution in a country like France (with one of the strongest 
market in Europe), and we take two large distributors, one French and one US, both with a rather 
normal mix of new releases and archival films, we find evidence of the market in the latter (see 
following table).  
  

Year of production French distributor US distributor 
2006-2000 41% 51% 
2000-1980 28% 36% 
1980-1950 18% 11% 

pre 1950 13% 2% 
 
None of this is new, but it is useful to remind how important it is, in terms of revenues but also in 
terms of films accessed per year, the role of film archives also in a commercial environment.  
If available, data concerning the licensing of catalogue titles to broadcasters (both generalist TV 
and cable/satellite) would show a similar trend, with major blockbusters taking the lead in terms 
of sales per unit, and catalogue titles competing in terms of number of titles, if not of revenues 
from sales.  
It is also worth noting that the older the films are, the more likely they are to come from the 
collections of a public archive in the US or in Europe.  
 
Another major difference in the business model supporting private and public archives is that the 
theatrical distribution is almost absent, at least in terms of numbers and revenues, from the 
private archives’ model. Simply, theatrical distribution does not have the figures that justify 
supporting such a sector, which by the way still implies investing in the (relevant) costs of 
producing release prints for films that inevitably can’t find space in the present structure of 
theatrical film distribution.  
Again, public archives somehow come to the rescue of the industry, often providing the physical 
elements (prints) for projection, while the owners get the royalties and the fees for clearing the 
copyright.  
Also, the big challenge for public and private archives is to verify if an overall shift of theatrical 
distribution to D-Cinema would allow new spaces and opportunities for archival films to return 
to the “big screen”. But this depends largely on finding a technical solution that makes it possible 
a D-Cinema distribution that is the opposite to the ‘commercial’ one applied to blockbusters: 
instead of a large number of prints for few titles, the model requires large catalogues of titles to 
be made available, for very few screenings each.   
 
In conclusion, the following chart summarizes the components of a general, overall business 
models for private archives.  
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Fig 26 - Components of a general business models for private archives 
 

4.2.2 Types of Archived Media and Content Versions 
The short answer to the question ‘what types of media are stored in a typical film archive?’ is ‘all 
possible types’, and actually this would be the correct answer too.  
As we discussed earlier, if we look at archives in a systemic level, and not one at the time, it is 
possible to find more or less all formats and media types that existed on earth.  
Although 35mm is predominant in film collections, we find large collections of 16mm, some 
70mm, and a wide range of obsolete formats are also to be found. The same goes for aspect 
ratios and colour processes, 3D formats, and so on.  
The same is true also for analogue and digital video formats used in the industry, for sound, and 
for data formats, whenever they are present, they can take all the possible forms in terms of 
extensions (.dpx. .tif, .tga, etc.), bit rate, bit depth, colour spaces, etc.   
As we mentioned earlier, collections might include non-moving image objects, like papers, 
photos, posters, publicity materials, printed publications, etc. An archive even brought up the 
example of a very precious Rolodex, having belonged to a famous producer!  
 
Here is a table listing the most common media formats likely to be found in film archives (please 
note that this table does not include file formats, that are too rare in archives to draw a reliable 
picture). A more extensive list of possible formats and colour processes existing in film 
collections is given in appendix to this document.  
  
 
film   video / analogue sound elements / analogue 
gauges    VHS perforated magnetic film  
 35mm   S-VHS 35mm, 16mm, 17.5mm, various coatings 
 16mm   U-matic sound negatives 35mm, 16mm, 17.5mm 
 8mm / S8  Betacam SP mono and stereo formats 
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 65/70mm   sound film positives (35mm, 26mm) 
image processes video / digital mono 
 release prints (B&W / Col)  Digibeta stereo 
  B&W   DV, DVCAM, DVCPRO magnetic striped 
  Eastmancolor  D5  Discs 
  Technicolor  D1  
  other colour processes  HDCam (SR) sound elements / digital 
 negatives   HDD5 DAT tapes 
  B&W    DA88 / 98 tapes 
  3-color Technicolor   CDs 
  Eastmancolor    
 intermediates (B&W / Col)    
  negatives    
  positives    
  CRIs    
  3 colour separations    
image formats    
 35mm 3-perf    
 35mm 2-perf    
 S16mm     
 1:33 silent    
 1:37 academy    
 various widescreen    
 various anamorphic formats   
 
It must also be mentioned that the problem of storing and managing different ‘versions’ of the 
same or similar content is a critical one.  
The problem of versions in a digital / analogue environment can be seen as twofold.  
First, there is the problem versions differing for their content (e.g. localisations, including 
dubbing/ subtitling, different cutting, censorship restrictions, etc., or restored / unrestored), 
which could coexist at the same time (and maybe on similar elements or media) within one 
archive (more likely when it comes to commercial archives).  
Secondly, an archive can store multiple versions of the same title, which differ for quality or 
technical characteristics, as in a full screen vs. widescreen version, or in multiple files at 
different resolutions, bit rate, encoding, etc.   
 
Finally, it is worth highlighting that all these different media types and versions must be 
managed, handled and processed all across the functions of an archive, from ingest to access.  
To this point, it might be mentioned that some archives are envisaging some sort of 
simplification by pre-processing new acquisitions so that the archive will have to deal with a 
more limited number of formats and media. In this case ingest involves some sort of pre-
processing where the content is transcoded to one format (out a short list) before being ingested. 
Alternatively, some archives accept only certain video or data formats, either by performing a 
format/media migration at the time of ingest, or by requiring that works are deposited only in 
selected formats.  
Similarly, reformatting can happen in a two-stage process for certain obsolete or rare formats 
that cannot be easily handled or digitized.  
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4.2.3 Archival Workflows 
Workflows in film archives are at least as varied as the different materials and media an archive 
holds, multiplied by users, and requirements.  
A great deal of simplification and abstraction is required in order to produce workflow 
specifications that are generalised enough to be applicable. This is what we tried to achieve in 
this section, by describing workflows that at the present level of generalisation can characterise 
most archives, equally public or private.  
 
The section starts with a first general overview of workflow in traditional film archives (i.e. with 
limited digital collections) from Ingest throughout Access. 
 
Because of the scope of this project, the other workflows taken into consideration are all focused 
on production, processing and management of digital materials, either resulting from digitisation 
of analogue materials, or deriving from Digital Intermediate processes, as they are performed 
currently in film archives. A separate workflow will deal with access and distribution.  
 
Please note that in all diagrams, red lines and arrows indicate the circulation of both metadata 
and administrative data, either exchanged in an analogue or digital form, while black lines 
indicate movement or processing of both analogue items or digital data. For sake of simplicity in 
the context of this analysis, image and sound elements and streams are treated together, although 
in reality they are obviously separated in various phases of the process.   
Finally, all the diagrams are focused on moving images, non film collections are not included in 
the picture, although as it was mentioned earlier, film and non-film collections should have close 
relations, and eventually share many areas of the workflow.  
 

4.2.3.1 Overall Workflow for Archives 
Diagram 1 describes the workflow of a typical film archive, starting from the ingest of analogue 
items through the access phase, where the same items are accessed. This workflow, as all the 
others, is characterized by a significant degree of simplification and generalisation.  
 

 By whatever type of acquisition process (legal, voluntary deposit, acquisition, donation, 
etc.) items are brought to the archive for Ingest. In this case we consider one analogue 
film (not defined what kind of element it is – negative, positive, etc.) and one analogue 
video.  

 The items might be accompanied by some sort of metadata, which might be brought to 
the archive in a variety of formats, from a printed or handwritten list to a database file. 
Metadata are presumably recorded in a format that is not compatible with the one in use 
in the archive. The accompanying metadata are imported into the archive’s database. 
Depending on the archive, they could go into the main cataloguing database, but most 
commonly they are brought into a temporary database (ingest database) where metadata 
is processed before being inputted in the main database.  

 The original accompanying metadata are checked and validated during Ingest. Other 
metadata are produced in this phase, but they are usually limited to administrative 
metadata (as per location of the item, donor’s/depositor’s information, copyright, 
restrictions for use, etc.) with very basic descriptive information, sufficient for the 
identification of the item. Technical metadata deriving from the check of the items (as per 
format, conditions, etc.) might also be added at this stage.  
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 The most significant amount of metadata are produced in the following phase of 
cataloguing / indexing. Metadata produced here is usually descriptive metadata 
(cataloguing information describing the work), plus further administrative and technical 
metadata. Bibliographic research (as well as other type of research – like a check in the 
legal department to ascertain the ownership of the work) is performed at this stage. If it is 
the case, in-depth indexing is also performed at this level.  

 At the end of this process, metadata are consolidated, formatted, checked, and sent to the 
archive’s main database system (alternatively, if the process is performed within the main 
database, the records are ‘published’ with some sort of procedure that makes them 
available to users). At this time, the item officially comes to life into the archive.   

 Usually with the end of the cataloguing stage, the item is physically sent to storage which 
is handled according to rules and procedures put in place by the conservation function of 
the archive. In the present case, both items are treated as physical objects. In other words 
will end up on a shelf, in some vault.  

 Once the existence of the newly ingested items is confirmed by the presence of records in 
the database, internal or external users (e.g. the programming department organising 
screenings, or the DVD department, or a festival somewhere in the world, or a 
commercial entity who wants to license clips from a given work, etc.) can inquire about 
its availability.  

 To do so, potential users send queries to the central database that responds by displaying 
results as responses to the queries. If the results are satisfactory, the users can send in a 
request to use the item.  

 Although the actual routes of an user’s request vary significantly from one archive to 
another, inevitably the request is handled by what we define as an “Access Control 
Service” that must clear the availability at least with “Administration Services” and 
“Collections Management Services”, besides a more or less inevitable check with ‘staff-
only’ parts of the database giving information about the copyright, potential restrictions 
for use, etc, or simply checking if the requested element is actually available or not (it 
could be that it is ‘out’ in response to a previous request, or undergoing some sort of 
processing).  

 After having cleared the availability of the item, the “Access Control Service” releases a 
set of orders. These also vary significantly, depending on the organisation of the archive, 
the type of use requested, and the technical characteristics of the requested item. In 
general terms, possible orders can be:  

o Simple delivery order – the item is ready to be delivered “as is” and the “Access 
Control Service” has just to order the delivery. A “Retrieve item X and deliver 
to…” order is sent to “Collections Management Function”. For example, the item 
could be a release print which is ready to go, or a master element is requested by 
another department or function (or even another entity) that is cleared to use it in 
that form.  

o More often than not, the requested item is not ‘ready to go’, but it needs some 
processing (for example a positive print needs to be produced, or a copy of a tape, 
or simply one section out of a longer program must be delivered). In this case the 
“Access Control Function” will send out a set of orders:  

 A ‘retrieve and deliver’ order to “Collections Management Service” so 
that the original item is delivered for processing (in the diagram we 
collapsed all possible processes and depths into a 
“Restoration/Reformatting Function”)  

 One or more “Reformatting Orders” to perform the required processes, 
and a “Deliver to…” to proceed to delivery to “Restoration/Reformatting 
Function” 
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 A “Return to Conservation after processing” to “Restoration / 
Reformatting Function” so that the original item is returned to the vaults 
after processing 

 According to the orders issued by “Access Control Service”, either original collections 
items, or “processed delivery items” are delivered. In most cases, these items must be 
returned by the user. “Access Control” also checks that this happens according to the 
rules.  

 If some sort of processing is required in order to make an item accessible, it is possible 
that new physical elements are produced. For example, a new positive print, or a new 
copy on tape of a given program. If this is the case, the newly produced item needs to be 
ingested in the archive’s system before being delivered in order fro the archive to have 
control over it.  In this case, the procedure is the same as described above, with the 
exception that the ingest procedure is simplified because the newly produced item is a 
copy or another item already having a complete record in the database (still, technical 
metadata should be recorded).  
The only usual exception is when an item is produced but it is not bound to be returned 
(e.g. a tape containing a licensed clip).  
It is also possible that more than one new item is produced (for example a positive release 
print for delivery, and an internegative); again, each item will be ingested.  
Similarly, an efficient system should be able to record on file (usually on a reserved 
section of the database) what happened in the transaction described above: what 
processing was done to the item, when and to whom it was delivered, and what for, when 
it was returned, etc.  
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4.2.3.2 Workflow for “Ingest of digitised analogue materials” 
The following workflow (Diagram 2) must be seen in close relation with the preceding one, 
which is the basic structure under which film archives operate, and therefore new distribution 
models, where digitisation is required, will inevitably follow the general patter described in the 
previous workflow.  
In a way, the following workflow is an extension of the “Restoration / Reformatting Function” 
described above, where the original item is digitised in order to make it accessible, and the 
digital data (or digital video format) deriving from the digitisation process are entered into the 
system as newly produced items.  
 
Existing Archival Materials  
Analogue materials to be ingested in the workflow are on film, or on analogue video. The latter 
derive either from analogue or digital video-born materials (hence, mainly SDTV), or transfers 
from film to video that are digitised instead of original film to save on costs (these can be in any 
video format, digital or analogue, and in a wide range of resolutions up to some ‘flavour’ of 
HD). As an example, the diagram shows only a film element, but analogue video workflow is 
similar (although fewer options will be given as per ‘quality levels’).  
 
Metadata  
Descriptive metadata is usually derived from existing cataloguing records, held in the archive’s 
database. In very rare instances, new metadata is created at the time of digitisation, in the form of 
indexing, usually along with segmentation of the analogue materials (this is achieved either by 
creating discrete clips, but more often by creating references to time codes, frame counts).  
It is also possible that a certain amount of technical metadata is produced in the phase of 
digitisation or postproduction. This is rather rare, and even rarer is the case when metadata is 
carried along the chain up to the final database.  
Usually, a new database is created - to replace the legacy ones - by merging metadata derived 
from legacy systems and newly produced metadata, mainly because legacy databases are unable 
to cope with moving image content.  
Ideally, as it is shown in the diagram (see metadata path at the bottom, and its several “metadata 
capture” activities), new metadata should be collected at every stage of the process: digitisation, 
eventual restoration, processing, down-conversions, etc.   
Towards the end of the process, some sort of “metadata consolidation” process is required, so 
that all the metadata captured along the process (if any) is reorganised and sent to the central 
database, which does also retain control over the physical media that contain the essence (not 
dissimilarly to the previous analogue workflow). It is not uncommon that part of this 
‘consolidation’ process consists in some sort of metadata simplification, i.e. a part of the data is 
eliminated or not retained (eventually it is retained separately from the main database).  
 
Digitisation  
Although there are clearly many routes for digitising analogue materials according to format, 
quality (resolution, bit depth, compression, cropping, frame rate, etc.) and final expected uses, it 
is possible to categorise them under three categories. 
It is important to point out that all these workflows still see a large use of digital video formats 
(mostly still tape-based as Digibeta, D5, HDD5, HDCam(SR), etc.). 
 
At digitisation level, we distinguish between  

a. Raw Scan 
Original picture is digitised at relatively high quality to allow further processing and the 
production of “High or Medium Quality Masters”. Such scans can be performed so that 
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further processing is needed (e.g. colour correction) or ‘directly’, where most of the 
processing takes place at the stage of transfer. Equipment used is usually high end telecines or 
scanners.  
b. “Viewing Versions Scans” 
In this case, the goal is to produce ‘viewing version’, at relatively low quality, for access 
either at a ‘home video’ level (such as DVDs or VHS) or even by streaming, in highly 
compressed formats. Only minor processing is performed. Equipment used for this type of 
scans is usually low-end telecines or even lower quality devices, as viewing-tables with 
attached cameras (not uncommon in public film archives).   

 
Restoration  
In case of “High Quality Masters” (typically for TV distribution or DVD production), some 
degree of digital sound or image restoration is normally performed. The degree of restoration 
depends on the conditions of the original and the characteristics of the project, ranging from a 
real-time automatic dust removal (not recommended or very effective, but sometimes performed) 
to several days on a workstation, or extensive colour correction and colour restoration.      
 
Processing  
 
Raw scans directly out of digitisations, fully “Restored Versions” and also “Viewing versions” 
usually undergo a second stage of processing, which includes a long list of processes that might 
or not be necessary. For example, sound and image might need to be married, some degree of 
editing can be necessary, or an encoding process, or format conversion, etc.  
Out of this second and final step of processing, the masters can be considered as almost 
complete; as we said earlier, the range of quality levels that an archive might have to meet the 
requirements of its users is quite vast. For sake of simplicity, we identified three quality levels 
which are all shown in the diagram.   
 

a. High Quality Digital Masters 
These masters usually undergo a significant amount of processing, and the digitisation 
process is performed at high level, usually to meet stringent requirements. Image and sound 
often undergo a significant degree of postproduction, including all or some of the following: 
colour correction, image and/or sound restoration, editing. In this specific workflow, sound 
and image are processed, handled, and stored separately.  
Quality in this case starts from HDTV formats when masters are produced for broadcast or 
DVD authoring; 2k and 4k (together with HD formats) are used when a film output is 
foreseen. Theatrical distribution on D-Cinema is not yet an option. In case of public archives, 
the tendency at the moment is to work on HD, maximum 2k, while 4k and beyond are limited 
to commercial archives.  
From these versions, all the others can be (and usually are) derived by some sort of down-
conversion process.  
 
b. “Medium Quality Digital versions” 
 This is similar to the preceding workflow, but in this case postproduction / restoration is not 
performed, and it is expected to happen in a later stage. Currently, this workflow, although 
theoretically possible, is not applied very often. In fact, in most cases when a digitisation 
project does not require restoration, this implies that only ‘viewing versions’ are produced, 
and this really refers to the following workflow. Quality levels are usually HD or SD, so that 
TV distribution and/or DVD production are possible with some sort of further processing 
(down-conversion in the case of HD to DVD, encoding for HD to SD TV masters, etc.).  
By down-conversion, low quality masters can be produced (and often are).  
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c. Viewing Digital Versions 
Currently, this is by far the most common workflow among public archives, while workflow 
(a) is more common for Commercial Archives because digitisation is usually directly linked 
with some sort of digital distribution (either on DVD or for broadcast). 
Under this workflow, the archive is seeking to produce versions that are bound to be used by 
scholars, researchers, and the general public outside commercial distribution models 
(although it can be used for very low cost and low quality, rather limited distribution for niche 
DVD markets or TV distribution).  
Quality-wise, high end is represented by SDTV quality, usually on Digibeta tapes, although 
other DV formats are also possible, including self produced DVDs. It is common that 
browsing quality versions (QuickTime, Real Networks, WMV) are used, but they are usually 
derived from ‘masters’ that are at SD quality, more or less compressed.  
Postproduction and restoration in this case are not expected to take place. If it is the case, 
original materials are usually digitised again, and they are processed via workflow (a).  
It is also important to notice that since digitisation aims at producing viewing versions, sound 
is regularly processed jointly with image, on any of the selected Video formats.  

 
Encoding / DownRes / Format conversions 
Target formats only rarely correspond to the formats used in scanning, digitisation or 
postproduction (besides, it is also common that image and sound essence is encoded or 
transferred from one format to another during postproduction – e.g. scanning can happen at 14 
bits, while processing happens only at 12 or 10). It is therefore common that all previously 
defined versions undergo further processing before reaching their final and definitive format.  
Once “Pre-Process” versions complete their postproduction, a “Processed Master” is produced, 
and from this several versions can be derived. First, a high quality image-only version that is to 
produce a film-out version for film distribution.  
“Medium Quality” are produced by downresing and reformatting “High Quality Masters”, or, in 
case processing / restoration is not required (or it is simply not produced concurrently with 
digitisation), they are derived in a similar way, from the “raw scan” versions.  
From “viewing versions” a number of sub-versions can be produced, with different levels of 
compression, and rather different quality levels (e.g. in case of newsreels, it is normal that a 
master Digibeta is produced, and from this a 25Mbs is derived for licensing, while a highly 
compressed, low quality version is derived for internet browsing).  
At this stage, also frame rate conversions, and aspect ratio reformatting can take place, if needed. 
Because of processing requirements, “raw scans” versions are usually produced with 
characteristics (frame rate, aspect ratio, etc.) identical to the original film version. This can be 
changed when the final “High Quality Masters” (and its derivatives) are produced. In this case a 
standard frame rate is regularly produced whenever a TV (SD, HD or DVD) version is produced. 
In case of film out, it is still possible to change frame rate to 24, although it is not done on a 
regular basis.  
“Viewing Versions” on the contrary are usually produced at the ‘standard’ frame rate (25 or 30) 
and format from the stage of digitisation, and further processing has to do with conversion, 
encoding and compression only.   
 
Storage 
In the current workflow it is safe to assume that if any strategy of medium term storage is in 
place (and it is not always the case) this can take place at each step of the workflow.  
“Raw Scans” versions can be stored (usually on data tape) as a reference of the product before 
processing. After processing, a master version at the highest possible quality is produced, and 
this is likely to be stored again on data tapes, unless the production is meant for TV distribution 
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(broadcast, DVD) and in this case it is rather normal that one of the many existing digital video 
format (usually on video tape) are chosen (as Digibeta, HDCam, HDSR, etc.) and this becomes 
the master to be stored.  
Digital file versions, mostly produced for Internet streaming and browsing, end up on server-
based storage, with possible back up on data tape or tape libraries (LTO, DTF, more rarely on S-
AIT).  
It is important to point out that – as shown in the diagram – at present storage strategies consist 
in separate workflow leading usually to storing masters on some sort of digital video or data tape 
as physical items, i.e. shelved.  
 
Security  
In the current workflow, in absence of real digital delivery, security is often limited to the 
physical control over the masters and the copies. Sometimes, security relies on watermarking.  
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4.2.3.3 Workflow for “Ingest of elements from DI process” 
The workflow for materials resulting from DI postproduction (see Diagram 3) is relatively 
similar to the previous one, at least in its general structure and main functionalities. Similarly to 
the previous one, a key factor is the presence of separate, discrete sub-workflows, each dedicated 
to the production of specific derivatives of the main product / work. Each of these sub-
workflows has one or more steps of encoding / decoding, as well its own storage strategy, and 
technology.  
A difference against the previous workflow is that the starting phase is one (the production of a 
work to be distributed theatrically) with subsequent by-products deriving from it, while in the 
case of archival materials, the workflow is highly differentiated from the start, with different 
concurrent and parallel workflows each designed for a different final deliverable.     
  
After capture (and eventual scanning of film captured images), after completing post-production 
and after a first step of encoding performed at the end of the post-prod phase (where the final 
product is transferred from a format suitable for image processing – usually a higher bit-depth 
and resolution – to one more suitable for easier handling, storing, and distribution) some sort of 
“Digital Master” is obtained.  
It is not uncommon that metadata produced or captured during post-prod are retained and 
transferred in parallel with the master.  
 
The “Digital Master” is usually further processed (e.g. colour corrected) in order to obtain (via or 
not an encoding and downres step) the different deliverables: D-Cinema, Film out, TV masters, 
and DVD masters.  
These range on quality and resolution from 4k (almost exclusively 2k in the EU) to SDTV 
(although currently HD is preferred as a master for TV and DVD authoring).  
Downloadable or browsing versions are usually derived from TV or DVD masters.  
 
Storage 
Similarly to the previous workflow, storage is performed separately, and concurrently at 
different steps of the process. Sometimes original recordings (unprocessed digital or unprocessed 
film images) are stored after scanning or in parallel to processing. More often this is not the case, 
and only the final Digital Master is retained (usually on tapes, rarely on hard disc drives).  
Film-outs (digital negatives) are commonly stored as such, and these represent the only ‘long 
term preservation” elements in the whole chain.  
All other masters (D-Cinema, DVD, TV, etc.) are retained, usually on tape, but they are not 
considered to have a significantly long life expectancy. Each is stored separately on different 
media although tape – mostly some sort of digital video, HD or SD - is still predominant. 
Storage for D-Cinema packages is shown as an option in the diagram because no real strategy is 
currently in place, lacking a sufficient number of examples.  
 
Metadata 
Legacy databases are not in the picture, although clearly metadata created during the production 
process are all stored in some sort of database from which information needs to be retrieved, and 
joined with metadata derived from the postproduction and the encoding process.  
The amount of metadata gathered during this processes can be quite large, redundant and not 
necessarily useful for distribution, and some sort of simplification, or “compression”  (also by 
simply eliminating whole sets of data) is performed before a consolidated set of metadata is 
gathered in some sort of metadata database that is to serve the following distribution of the 
materials.   



 
 

Page 89 of 243 

 
Security  
Same considerations as in previous section 4.2.3.2 apply (with the obvious exception of the D-
Cinema deliverables, although these are really not common at all).  
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4.2.3.4 Search, Retrieval and Access Workflow 
Diagram 4 is centred on the process of searching, retrieving and accessing items held in a film 
archive’s collection, which in this case is seen as a mix of analogue (mostly film, but also 
videos) and digital data.  
This workflow is meant to be seen as directly connected to the two previous ones, and in fact, the 
workflow starts where they ended, in other words, from various masters being stored in the 
archive.  
As per the description of the previous two workflows, storage is shown as it is currently 
performed, i.e. with collection items vaulted as physical items on films, digital video tapes, or 
data tapes.  
 
Also, this workflow largely relies on what was described in the first one about the functioning of 
a ‘typical’ analogue film archive.  
The reason being that presently archives are largely in a phase of transition from analogue 
collections-driven philosophy and attempts to convert it to a fully digital environment are still 
underway. Also, it is important to note that business models supporting film archives are still 
largely unchanged, with D-Cinema not yet in the picture (at significant levels), and digital 
delivery over Internet (as per download, streaming, VOD, IPTV, etc.) also not yet fully 
developed into a mature ‘market’ and business model.  
Still, the workflow model proposed does include several digital distribution channels.  
 
Collections Management Function 
Because the collections are still largely physical objects-based, the role of this archival function 
is not significantly different, being mostly organised around the physical control of collection 
items.  
Still, the existence of several digital distribution channels implies that collections management 
includes control over some sort of real ‘digital storage’, although this is limited to browsing or 
streaming versions, thus not too valuable if compared with the bulk of the collections. 
This function has also diversified its responsibilities because the number of storage and of stored 
media has significantly grown to include a large variety of digital video or data formats.  
Control is still exercised as a mixture of physical inspection and digital storage rules and 
procedures enforcement.  
 
Processing / Reformatting Function 
Similarly to workflow no. 1, it must be foreseen that collection items must undergo some sort of 
processing, copying, reformatting, migration, encoding, etc, before being delivered. Again, items 
are either delivered directly, or via processing. Direct delivery is almost completely restricted to 
film elements (and obviously to streaming files that might reside on a web or media server).  
 
Delivery formats 
As a consequence, delivery formats can be very different from the stored original elements. It is 
important to highlight that part of the processes described in the previous workflows, as for 
example down-conversions (e.g. to produce SD Masters from HD Masters), can take place as 
part of the “Processing / Reformatting Function”. In other words they can take place ‘on 
demand’, and not all possible versions might be produced at once. This of course depends largely 
on the business model in place (for example, for delivery of newsreels or factual footage, where 
short reaction times are needed, few ‘most commonly used’ formats can be produced in advance 
– still, the need for reformatting is always present).  
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Delivery  
As it has been said earlier, physical delivery is still predominant, even when the delivery format 
is digital. Nevertheless, digital delivery channels (as per Internet, for example) are already in 
place, although examples are relatively limited.  
 
Metadata 
In general terms, metadata is not created or modified to any significant extent in this workflow, 
but it is ‘limited’ to the possibility of users to find information about collection item they might 
want to access/use, and to support all the archival functions that make this possible.  
In a mixed analogue / digital conservation and delivery environment, with ever changing formats 
(particularly for high-end formats as DI processing or digital restoration), and the necessity of 
migrating media-wise or format-wise digital data for preservation, technical metadata has 
become critical. Nevertheless, as we mentioned earlier, schemes and standards in this field are 
lacking.  
 
Search and Delivery process  
The whole process of searching the catalogue by sending queries, receiving back a set of results, 
sending in a request, etc. is basically the same as we described in workflow no. 1.  
The major difference is that in a context of a pervasive IT environment, requests and orders 
(internal and external) are more likely to travel around as data rather than – for example – on 
paper.  
Clearly, this implies a whole new set of functionalities for the whole system, from metadata to 
administration, access control and collections management. Still, the logical workflow is largely 
unchanged, with possible automation thrown in at “Processing / Reformatting” level or at 
delivery (obviously needed for any online delivery model).  
 
Conservation / Preservation Function 
This is indeed the ‘black hole’ of the whole process. It is a fact that no reliable preservation 
strategies exist for digital data (let alone for digital video or digital data tapes) that is always 
subject to the combined threats of media obsolescence and format evolution (that is particularly 
serious concern when it comes to high-end applications).  
The fragmentation of an archive’s storage technologies and strategies (as shown in the diagram) 
combined with the co-existence of a variety of formats and media makes it even more complex 
to implement any effective process of ‘active’ digital preservation. 
 
Security  
Although ‘physical’ security (i.e. controlling physical access to items: films and tapes) is still 
predominant, the presence of some level of automation, as well as the availability of online 
content makes it necessary to implement also different security mechanisms.  
Currently, these do not really go beyond some sort of access control (by password) or 
eCommerce implementation (whenever access to content implies some sort of payment), 
although some exceptions exist (e.g. Technicolor has implemented complex mechanisms for 
controlling assets during postproduction and in the phase of delivery).  
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4.3 The EDCine Film Archives Survey 
To gather more detailed information about the current situation in European film archives a 
survey was conducted. After extensive literature studies and discussions with archive experts we 
developed a questionnaire that then was sent out directly to about 45 film archives. The 
questionnaire was additionally distributed by the ACE (Association des Cinémathèques 
Européennes) to its members. The questionnaire can be found in the annex of this document.  
The survey was answered by 15 film archives. The returned questionnaires were in some cases 
also accompanied by further comments from archive’s experts. Nearly all archives that have 
answered the survey expressed their availability for further discussions. In the following 
paragraphs the results of the survey are summarised and explained.  
Nearly all participating archives classify themselves as public archives with non-commercial 
core activities. Only one archive has commercial and non-commercial activities at the same time.  
There are only two archives that have more than 90 staff members. Most archives operate with 
one to 40 staff members. Three archives store less than 10,000 titles, four archives store about 
20,000 titles, three archives store about 60,000 titles and two national archives hold between 
175,000 and 250,000 titles. Three archives were not able to give a specific number. The meaning 
of the figures for staff members and stored titles need an interpretation on a case-to-case basis 
because both terms can be widely interpreted. Nevertheless, the answers to these questions give a 
rough overview of the sizes of archives that participated in the survey.  
All archives provide access to their collections via on-site viewing on film. Nearly all archives 
also provide access on DVD or video tapes. Also theatrical screenings and in most cases film 
loans are used. Ten archives provide on-line access to catalogues or documentation or both. Only 
one archive also provides on-line access to moving images. Four archives do not provide on-line 
access at all.  
Most of the archives have requests from all types of users mentioned in the questionnaire but 
with varying ratios between the types. It is difficult to express this in concrete figures because 
the interpretation of the term “type of user” and the associated numbers vary widely. In all cases 
most of the users are either from the country or the region/town where the archive is located.  
All archives perform long term conservation of all types of media, cataloguing and metadata 
creation and preservation and restoration of film. Some archives are also involved in the 
digitisation of mainly film material. In most cases everything but film restoration is done 
internally.  
The material stored in the archives is mainly acquired through voluntary or legal deposit. 11 
archives serve a legal deposit scheme. The ratio between voluntary and legal deposit varies 
between archives, depending on the legal situation in the archive’s country.  
Collection type and running time of stored items vary strongly with regards to the specific 
situation and type of each archive, so that no common observations can be made.  
The amount and depth of information given on technical details of the archives also strongly 
varies. It can be observed that the majority of archived items consist of positive release prints, 
but all other types of media (pre-print film material, analogue and digital video tapes, audio 
recordings, digital data formats etc.) are also present in the collections. The same holds true for 
frame rates and aspect ratios. There is a substantial amount of silent speed material. This large 
variety is understandable by taking a look at the huge number of different film formats and also 
(colour) film processing systems that existed during the history of film (see annex in chapter 8).  
Regarding metadata, all archives store their catalogues at least partly in computerised databases 
that are mainly accessible to the archive staff. There doesn’t seem to be any common standards 
for metadata storage. Some archives cite the FIAF cataloguing rules as a guideline. There is also 
no common software or database approach to this problem. Most archives use customised 
standard database software. Metadata exchange with other institutions seems to happen only 
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seldom. All archives store information about usage and copy rights but there are also no 
standards for this. There seems to be a moderate interest in automatic audio up- and down-mix 
solutions.  
Digital technologies are most commonly used for on-line catalogues, digital projection 
screenings in the archive, access copies, broadcast masters (digital video tapes) and digital 
restoration of film and audio material. Two archives use on-line streaming or download, but 
there is no statement about the quality provided. Two archives stated not to use digital 
technologies at all. In most archives only very small amounts of the holdings are already 
digitised (about one to five percent). One archive has transferred a substantial amount of 30 
percent to digital video tapes.  
All archives plan to expand the use of digital technologies in the future. The most common areas 
of use are digital restoration of film, video and audio material, digital cinema, on-line streaming 
and download as well as further expansion in on-line catalogues. The answers on the question in 
which area digital technologies will be most useful widely vary.  
If digitally produced material is acquired via voluntary or legal deposit this happens mostly on 
film recorded from digital data or on digital video tapes. Only few archives accept digital files.  
The opinions on digital technologies also vary strongly. There is no common opinion on the 
spatial resolution and bit depth needed to scan film for long-term preservation. Some archives 
stated that scanning film to digital data is no appropriate solution to the problem and that storing 
the film in correct environmental condition is more useful. Challenges are seen in technical 
issues, staff training and cost. Some archives see risks for small cinemas and independent films.  
Overall there seems to be a positive feeling about the influences of digital technologies on the 
work of film archives and on multi-language distribution of European films.  

4.4 Requirements for Digital Film Archives  
Archives and collections are not a single market, nor they do have the same dissemination 
policies, but they all need to provide access to their collections when, where and in the format 
and quality that are appropriate for the scale, purpose, venue and the equipment for the viewer/s. 
In this respect they all must respond to the current wide range of current display situations. For 
film archives this covers the widest range of qualities imaginable, from large venue high quality 
film and digital cinema projection, to fast low quality access for search and research. (The 
appendix contains details of many of the formats and film systems to be found across the world’s 
archives.)  In general public film archives have not addressed this issue extensively, partly due to 
their limited control of rights ownership that restricts access to content in their collections.   
 
The cinema film industry is in the process of change. Archives will not be able to routinely 
access their collections by film projection when new film prints cannot be produced simply or 
affordably (or at all). The timescale for this changeover is unknown, but it is expected that the 
change when it comes may be far more rapid that archives currently expect.  
 
Archives already require digital versions for browsing, searching, researching, dissemination, 
marketing and sale, in different formats and qualities. 
 
Once the cinema moves to digital projection film laboratory services currently available to both 
the modern industry and the archives will diminish rapidly, and prices increase – conceivably 
laboratory services will vanish entirely. This will mean that no further prints from films in 
archives will be possible, or that they will become so expensive that the intrinsic value of film in 
archives will rise to point where their projection, with its attendant risk of damage cannot be 
permitted as a routine. At this point digital versions of the content will essential. This move will 
also take place, in some cases already has, on the production and post-production side. At some 
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point the archives will be required to have a route to preserve digital data of digitally produced 
and distributed movies.  
 
Thus all moving image film, video and data archives need a procedure that stores all or most of 
their images and provides access to them in an increasing variety of digital formats and qualities.  
Almost all archives are image rich and cash poor, and many have yet to make any of these access 
plans. 
 
EDCINE has a specific brief and cannot provide the total package of concepts, routes and 
software for public archives, commercial collections and rights holder archives.  EDCINE’s 
principle focus is on Digital Cinema, and on cinema quality images.  However EDCINE must be 
aware of the archive’s overall requirements, otherwise it risks producing recommendations, 
routes and processes that will not fit with their long term need, and may not be practical, 
affordable and therefore will fail to be of use.  These specific archive requirements have never, 
as far as we know, been properly defined (and are no doubt very varied) but this should not 
prevent EDCINE from making progress. No new concept or process can ever be “future proof”, 
but we should try to make what we devise relevant to the users needs, and that will fit, or can be 
adapted to fit, within an eventual working system. Also there exists a strong need for a digital 
data long-term preservation solution for analogue and digital video tape collections.9 This can 
conceptually be handled in a similar way as a digital film archive.  
 
Most archives do not know enough about their own requirements for the digitisation of their 
collections partly because they are not aware of all the technical possibilities.  Part of EDCINE’s 
role will be to present the options to archives and offer some more detailed training to selected 
archive technicians and technical management.  
 
In this chapter we describe concrete requirements for a system concept and architecture for a 
digital film archive in detail. As main sources of information for this document served the survey 
described in chapter 4.3 that was specially developed for EDCINE and sent to archives 
professionals, reports and document from other European projects such as WorldScreen10, 
FIRST11, MIDAS12, PrestoSpace13, and personal and written conversation with archives and 
post-production professionals. 
 
The following sections are divided into several parts about common requirements, requirements 
regarding essence data, which consists mainly of images and sound, as well as descriptive and 
technical metadata. Then follow requirements for the different steps and processes from the 
archives’ workflows. Finally requirements for the different file formats needed to accomplish 
these tasks are derived. To allow a better overview the concrete requirements and their 
description are written down in tables.  
 

4.4.1 Common requirements 
In this part we analyse requirements that are fundamental and common to all archives.  
                                                 
9 Gill, Michael; Pearson, Glenn: An Evaluation of Motion JPEG 2000 for Video Archiving. Proc. Archiving 2005 
(April 26-29, Washington, D.C.), IS & T (www.imaging.org), pp. 237-243. http://www.media-
matters.net/docs/resources/Digital%20Files/MotionJPEG%202000/MJ2_video_archiving%5B1%5D.pdf  
10 See http://www.worldscreen.org  
11 FIRST – Film Conservation & Restoration Strategies  
12 MIDAS – Moving Image Database for Access and Re-Use of European film collections See http://www.midas-
film.org  
13 Preservation towards Storage and Access, see http://www.prestospace.org  
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As a general principle data file formats must be open access and not subject to commercial 
ownership or control.   
 

 Requirement Description 
C01 Scalable system 

architecture 
In order to accommodate the needs of European film 
archives of differing sizes the concept and system 
architecture needs to be scalable in terms of stored items 
and titles as well as in terms of user count.  

C02 Quality and format 
agnostic system 

Archives need to store and distribute content in many 
different formats and quality levels; the current situation 
of several parallel workflow should be overcome  

C03 Multi-platform delivery It must be possible for each film or item in the system to 
be delivered transparently to different platforms and 
displays.   

C04 Standardised and open file 
formats 

All data formats, file formats and encoding schemes must 
be standardised and open to the public in order to ensure 
readability, decidability and subsequent interpretation. 

C05 Playback systems Authenticity is required for cinema projection (i.e. 
original frame rates, anamorphisms and aspect ratios must 
be retained). Flexibility in this area is permitted for other 
access and display systems.  

C06 Quality control In order to ensure the quality and integrity of archived 
digital items a procedure has to be installed that allows 
the verification of ingested and stored data sets.  

C07 Access control A mechanism has to be implemented that allows fine 
grained access control to all data items (essence, 
metadata, administrative data) in the archive system.  

 

4.4.1.1 Essence 
Because of the very wide range of source material and usage scenarios the parameters of the 
picture files (resolution, aspect ratio, quantisation, compression etc.) will depend on the system 
and format of the original scanned and digitised element. Some film may be digitised as a low 
quality viewing copy only and large compression ratios can be applied and the resolution can be 
relatively low. In contrast if the film has been digitally restored especially for cinema display it 
makes sense to store it with visually lossless compression. If the film is digitised and archived in 
order to undergo a restoration procedure at some point in the future it may be necessary to store 
the film at the native maximum spatial resolution and quantisation of the film scanner and use 
only mathematical lossless compression.  
  

 Requirement Description 
E01 Image  resolution and 

aspect ratio 
The image resolution and the image aspect ratio shall be 
arbitrarily selectable for each element according to the 
particular needs. Image resolution may e.g. depend on the 
physical/optical resolution of a particular source element.  

E02 Image compression The degree and type of image compression (lossless, 
visually lossless or lossy) shall be arbitrarily selectable for 
each element according to the particular needs.  

E03 Quantisation The number of bits used to represent each colour channel 
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of each pixel shall be arbitrarily selectable according to 
the particular needs.  

 Colour space The colour space used to store the image information shall 
be suitable to preserve all information that can be found in 
the original source format (in so far as that is possible).  

E04 Stored image area The image area shall be selectable for each element 
according to the particular needs. Image area may be 
selected to include only the projected image area, and/or 
the perforation and sound area,   

E05 Image region of interest 
(ROI) 

The definition and encoding of a region of interest for 
each element shall be possible. This may be used if the 
stored image area is larger than the projected image area.  

E06 Image sequences There shall be a mechanism to store image sequences 
originating from film, digital source, analogue and digital 
video formats (progressive or interlaced scan). Technical 
metadata shall be provided that describes how to play 
back the image sequences (frame rate, field order etc.).  

E07 Still images There shall be a mechanism to store single still images 
(e.g. film posters, production stills etc.).  

E08 Collections of still images There shall be a mechanism to store collections of still 
images (e.g. collections of film posters, production stills 
etc.).  

E09 Textual data There shall be a mechanism to store textual information 
that can be considered as essence. This may be in the form 
of plain text or structured (XML or similar) formats.  

E10 Multi-channel audio data There shall be a mechanism to store multi-channel audio 
data in an uncompressed format at a high sample rate and 
quantisation to facilitate future restoration.  

E11 Essence synchronisation There shall be a mechanism to synchronise different 
essence streams (audio, image, subtitles etc.) within a 
single item and between different items. 

 
 

4.4.1.2 Metadata 
Metadata can include a wide range of information. In addition to routine content information and 
search data a unique situation arises when film images are stored as digital files. Metadata can 
roughly be divided into descriptive and technical metadata.  
 
Descriptive Metadata 
As it was mentioned in earlier sections, film archives have a long history of recording metadata, 
which today is almost invariably stored in databases, some of which are also searchable on line.   
For rather obvious reasons, film archives have focused their efforts on metadata structures and 
schemes on the area of descriptive (usually referred to as filmographic) metadata, because this is 
the very first requirement of any archive: to uniquely search, and retrieve a given work.  
Differently from other areas (e.g. the libraries environment), film archives do not really share or 
agree on common standards for recording and managing metadata. We can easily say that each 
archive has established and follows its own rules, and uses its own database structures and 
software systems.  
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Nor it is the case that archives have adopted standardized models – as the Dublin Core, or 
SMPTE, etc. Film archives actually seem to be so ‘standard-proof’ that very few of them 
actually adopted in full the “Fiaf Cataloguing Rules”, a set of rules for filmographic description 
issued by “Fiaf - International Federation of Film Archives”, although the general principles 
contained in the rules are generally applied by archives.  
 
Currently a number of initiatives are underway among archives that are aimed at higher levels of 
interoperability between film archives’ catalogues and metadata schemes. The most relevant are 
definitely the CEN Project on film works14, meant to define a European standard for the 
description of filmographic works, and the MIDAS project15, a MEDIA Pilot Project working on 
creating a unique access portal to all catalogs of film archives in the EU, by improving 
interoperability among their catalogues. 
 
Defining metadata schemes for descriptive metadata is way beyond the scope of the EDCINE 
Project (not to mention that the effectiveness of such effort is very doubtful), and it would also 
be inappropriate considering the existence of the above-mentioned CEN project. As we will see 
in the following paragraph, the situation with technical metadata is completely different because 
no project is dealing with this issue, not MIDAS, and not even CEN.  
 
Technical metadata  
Archives record the details of the image and sound content, as described above, but records 
rarely go beyond basic information about a films format16, gauge, perforations, aspect ratio, 
frame rate, sound system etc.  Most archives do not have their own film printing and processing 
laboratory and in consequence some archives and some commercial collections do not always 
feel that they need to know, or retain, more than this information. It is therefore very infrequent 
to find records of the sequence of analogue film printing events lead up to the production of the 
elements in the collection.   
 
Archives already possess digital and analogue video versions of their film collections, some 
archives far more than others, and for many titles these often low quality versions made for 
browsing and research may be all that is needed for the time being of these originals. In 
consequence, the digital versions stored by an archive may not be all high resolution digital 
cinema versions but they all need to be available and browseable in some common system. The 
implications of this, at least during the initial transitional times as digital collections of film 
content are built up, is that there will be a multiplicity of routes and film, analogue video and 
digital sound and picture used as starting points to populate the digital collection.  
Even where this information is kept there is no standardized way of recording it and part of the 
problem is the lack of a consistent universally recognized set of terms especially in English, 
where different companies, continents and countries have drifted into using different terms.  

                                                 
14 CEN/BT/TF 179 Cinematographic Works, see http://www.nia.din.de/sixcms/detail.php?id=22995 
15 CEN/BT/TF 179 Cinematographic Works, see http://www.nia.din.de/sixcms/detail.php?id=22995 
15 See http://www.midas-film.org/index.htm  
16 The term FORMAT is used in film, video and digital technology and has slightly different definitions in each. For 
cinema film it refers to a named combination of the image, film gauge, dimension, aspect ratio etc and this is not a 
very consistently used term. Hence Techniscope is called a format, but in fact is a complete post-production 
sequence that includes several different film formats, more or less one for each element. Academy, another 35mm 
format standardized in 1932, lasted about 20 years. Video formats usually describe a commercial “package” of tape 
or disc, and digital formats include many very different commercial systems. Format has one of the largest 
Disambiguation page in Wikipedia indicating that the term is almost meaningless without qualification. 
Nevertheless it is almost impossible to avoid in technical media reports!     
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Dictionaries of film terms exist and in some cases have simply added to the confusion. The 
Technical and the Catalogueing Commissions of the Federation of International Film Archives 
(FIAF) has worked on these issues for some years but it may still be some time before the 
archives agree on a common set of terms. 
 
However when film laboratories cease to provide printing and duplication services to archives, 
and when archives rely on digital versions of content for all access (or almost all, except for 
antiquarian museum-style film projections) the link between the archives long term film holdings 
and the projected or disseminated access version will have been lost.  
 
Archives will need to set up (or extend) a new information resource that completes their rather 
variable technical records that relate to the films held in the archive and their technical origins, 
and extend it to cover the process of digitization (scanning), and the subsequent manipulations 
and changes made to that scanned digital version. This technical metadata will therefore include, 
as a minimum, the following critical areas: 

1 Records of the route by which the original starting point elements17 (in particular film 
elements) were generated from the original camera negative (occasionally original 
video tape or data), with the formats and technical descriptions of the intermediate 
elements. It is these records that are sometimes already recorded by some archives 
but, in general, a move to large scale digital access because of the loss of film 
laboratory services will make this imperative in order to retain a connection with the 
film originals (and ensure authentic restoration and access viewing.   

2 Records of the starting point elements used to create digital version of content held in 
an archive’s digital store. This might include films, analogue video tape, vinyl, 
beeswax, sound wire, digital tapes or discs, computer held files, or any of the many 
elements held by archives    

3 Records of the process of scanning and subsequent digitization of the analogue 
elements. 

4 Records of the subsequent post digitization alterations to the digital content before 
being transferred into the archives digital store. This would include all restoration, 
regarding, reconstructions and editing in all its forms. (Where the content was digital 
in origin, the digital conversion, restorations and reconstructions and edits from 
original digital content to that retained in the archives digital store.) 

 
EDCINE will set out to define the essential records needed for technical metadata within these 
four categories. However the implementation of technical metadata records may be very 
difficult. 
 
High quality and accurate technical metadata has not usually been recorded in conventional 
archive databases, and it is now obvious that quite different systems will be needed in future. 
Two areas of concern exist: 
   

1 It will not be possible to create a single series of tick boxes (as used for most raw 
metadata collection for a process that has lasted over 100 years and covered a vast 
gamut of analogue chemistry, image and sound camera originals, intermediates and 
projection formats that will describe adequately the content’s history through post-

                                                 
17 The term ELEMENT is the most widely used term for the film and its content and defines the status of the film 
image and sound within the production/post-production sequence. Thus negative, camera negative, duplicate 
negative, internegative, etc or print, positive, reversal camera original, reversal print, neg-pos print, direct 
print etc etc etc may be described as elements.  



EDCINE – IST 038454 D1.1 User Requirements and General Conditions
 
 

Page 101 of  243 

production to the final source material that was scanned, and finally through scanning 
and post-scanning digital restoration history.  
The categories 1, 3 and 4 above are particularly difficult to record completely 
accurately as they often involve multiple routes for sections of a programme, and 
multiple elements follow different routes and then coalesce to create a final single 
combined sound and picture element. In other cases restoration routes branch and 
recombine subsequently. Diagrammatic route representations are used by film 
technicians, digital intermediate post-production technicians and restorers and these 
could be useful but require considerable training and experience to use. Kodak’s 
Cineon restoration system, defunct since about 2002, used what was termed a 
Flowgraph to illustrate a route, stored as a display to define a restoration process. This 
has now been adopted and modified by several special effect hardware and software 
suppliers for their own recording system, including Autodesk (ex Discreet) and 
Quantel.  

2 Archives already struggle to find staff with good technical film knowledge – when 
film post-production ceases to exist the problem will be serious.  Film laboratories 
also recognize that training in film post-production has little future and ceased to 
carry out internal training some years ago. One London laboratory has recorded that it 
ceased to train over 5 years ago, and that the average age of technical film staff is 57. 
A few post graduate film archiving programmes do include some of this training but 
it has not been considered a priority, and is incomplete. Thus archives will struggle to 
create this information for their own metadata.  

 
The term Technical Metadata should refer to Structural Metadata, but in a broader way, also to 
Metadata required to preview / visualize content in the appropriate way considering its 
platform18. The latter type of metadata could arguably fall under the Descriptive Metadata 
category, but since it consists of information required to present the content and not to describe 
it, hence the denomination. 
 
As for Technical Metadata for original display, projection and presentation is a logical 
requirement, the same kind of information relative to other platforms is something unaddressed 
and of utter importance given that the wide range of equipment / software used for such purposes 
may introduce different factors in the visualization experience that can be undesired. This is a 
behaviour producers will most surely want to see prevented and that EDCine must address as so. 
 
A specific subset of the previous can be Composition Playlists, which are according to DCI, an 
integral part of DCP with external metadata to MXF in XML format, but that may need to be 
integrated into Archives. Another subset can be the metadata required to automate exhibitions 
(specifically in terms of audio control, lights control, curtains control, etc.) and that can have 
several variations depending on platform requirements. 
 
 
 
 

 Requirement Description 
M01 Customisable metadata 

structure  
The metadata structure shall be customisable in order to 
fit the needs of different archives. The metadata structure 
shall preferably comply with international standards.  

                                                 
18 Platform is used in a general sense to describe whatever support is used to preview / visualize content. Common 
examples are TV, Internet, mobile phones. 
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M02 Open to all standards The system must be able to deal and incorporate metadata 
recorded following different standards. MIDAS Project’s 
mapping model will be considered. 

M03 Historical technical 
metadata 

Metadata from previous processing steps / preceding 
elements. See above. 

M04 Other technical metadata See above. 
M05 Identification There shall be a mechanism to provide unique and 

unambiguous identification of each digital element.  
M06 Original film presentation Information on original display, projection & 

presentation.  
M07 Editing and adding 

metadata 
Editing and adding of technical and descriptive metadata 
shall be possible at any time or point in the workflow. If 
metadata is stored in several different places the overall 
integrity has to be guaranteed.  

M08 Metadata import (legacy)  The system must be able to import metadata from legacy 
systems 

M09 Metadata export The system must be able to export metadata  
M10 Metadata security The system must be able to secure metadata from 

unauthorized access and editing. It must also implement 
strategies for metadata backup and conservation. 

M11 Global metadata A set of global metadata shall exist which is valid for the 
whole media file / essence. This metadata set can contain 
descriptive as well as technical metadata.  

M12 Local metadata One or more sets of local metadata may exist which are 
valid only for a temporal segment of a media file / 
essence. These metadata sets can contain descriptive as 
well as technical metadata. 

M13 Links and references to 
other items  

There shall be a mechanism to provide unique references 
between any two elements. There should the possibility to 
describe the meaning of these links.  

M14 Licensing information There shall be a mechanism to store licensing and 
intellectual property rights information for each item.  

M15 Dynamic integration with 
existing catalogues and 
databases 

There shall be a mechanism to automatically merge the 
metadata entries for the digitally archived items with 
existing catalogues and databases. This mechanism shall 
also ensure the consistency of and integrity of the same 
metadata entries stored in different places.  

M16 Indexing of content There shall be a mechanism to create an indexed media 
file with time-code references to image and sound. This 
index shall be stored in the metadata of the archive file.  

 

4.4.2 User Requirements for Archival (Ingest) 
Archive film, sometimes in poor condition, shrunken and damaged, requires careful and time-
consuming preparation, and often specialist scanning equipment, this is not within EDCINE’s 
scope, which is concerned with the resulting files and their subsequent handling, storage and use.    
 
Once scanned ingest must be possible from all the formats and material and supports held by 
film archives. A list of these would be immense and include innumerable film (see Appendices), 
disc and tape formats. All archives hold significant sound collections in many forms. Many film 
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archives specifically collect both analogue and digital video material and many have significant 
collections, some of which are on formats that are already obsolete. To be of value these require 
to be transferred to, and/or digitized, and treated as content in exactly the same way.  
 
For many years film archives have transferred some of their film images to analogue and digital 
video tape, discs and/or data files in order to make use of them; usually a small proportion of any 
collection. The formats and qualities of the versions they have created are extremely varied and 
(even within a single large archive) encompass almost the entire range of alternatives available 
over the last twenty years!  All archives now recognize the improving security of open access, 
data file systems, although many post-production companies have still to understand this and 
archives, especially those with legal deposit will have to define what they will, or will not, 
accept. A single “deposit standard” would be widely welcomed. (Recently this problem has 
centred round the commercially provided software systems, which may be upgraded or 
discontinued with no backward compatibility, that are used for archiving open access files 
formats!). 
 
 

 Requirement Description 
I01 Standardised interface for 

ingest to archive 
Many different tools and file formats are used by film 
scanners and to handle digitally produced material. There 
shall be a standardised software interface that allows the 
use of conversion modules to ingest the content into the 
archive. 

I02 Ingest of scanned film Where required there shall be a mechanism to ingest 
scanned images without loss of information during the 
processing of scanned image data to preserve the original 
image quality of the source material.  

I03 Ingest of analogue and 
digital video 

There shall be a mechanism to ingest material from 
analogue and digital video formats.  

I04 Ingest of digitally 
produced movies 

There shall be a mechanism to ingest digitally produced 
movies in different formats. This includes the 
uncompressed high quality output of digital intermediate 
processing as well as compressed DI and distribution 
formats, including those from standardized Digital 
Cinema Packages. 

I05 Ingest of other digital 
formats 

There shall be a mechanism to ingest material from 
arbitrary digital formats (e.g. DVD, MPEG-encoded 
material, Quicktime, Realvideo etc.).  

I06 Ingest of sound There shall be a mechanism to ingest sound form various 
analogue and digital sources. There shall be a mechanism 
for synchronisation of sound and images. Sound may also 
be ingested simultaneously with image data.  

I07 Metadata There shall be mechanism to import, create, edit and store 
metadata during the ingest procedure.  

 

4.4.3 User Requirements for Search, Retrieval, Access and 
Dissemination 

Archives may never require high quality, i.e. d-cinema quality, from much of their collection. 
Some material will already exist in archives in digital or video formats that are quite adequate for 
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most purposes. Many archives are already using or planning to use simple, inexpensive scanners, 
some made from rebuilt flat bed editing tables fitted with a camera. These produce quite 
adequate search-and-find basic SD and/or mpeg (sometimes now HD), un-restored digital 
versions that can be easily accessed on DVD or hard drive and are all that are needed to provided 
initial access.  Thus archives already recognize that they do not need to re-scan some film; it is 
already in the collection in an adequate digital quality for most purposes – the problem is that 
these formats are already progressing to obsolescence, and are not standardized, and are not 
browse-able, and need to be transferred to a common DAM system 
 
 

 Requirement Description 
D01 Image size conversion There shall be a mechanism to spatially resize the image 

data and undo anamorphic compression for dissemination. 
D02 Audio data conversion There shall be a mechanism to convert audio data for 

dissemination. This may include sample rate and 
quantisation conversion as well as up-and-down mixing of 
audio channels.  

D03 Frame rate conversion There shall be an optional mechanism to convert the 
frame rates from one value to another for dissemination.  

D04 Colour space conversion There shall be a mechanism to convert the image data 
from the colour space used in the archive files to other 
colour spaces for dissemination.  

D05 Negative image 
conversion 

There shall be a mechanism to convert scanned negative 
images into a directly viewable positive image if required. 

D06 Region of interest 
decoding 

There shall be a mechanism to decode only a specific 
spatial region of the image content for dissemination. This 
can be used to retrieve only the projected image area if a 
larger area is stored in the archive file.  

D07 File format conversion for 
dissemination 

There shall be a mechanism to convert the file format and 
apply compression for dissemination. Conversion shall be 
possible to any format which is suitable for a specific 
application. This may also include optional encryption 
and other mechanisms.   

D08 Standardised interface for 
access to archived content 

For access and dissemination of archived content the 
intermediate archive file may be converted to a format 
which is more suitable for a certain purpose. There shall 
be a standardised software interface that allows the 
implementation of conversion modules to output the 
content in various formats.  

D09 Real-time browsing and 
preview of image and 
audio content 

There shall be a possibility to browse and preview the 
image and audio content in reduced quality without the 
need to wait for a conversion process to complete (on-line 
format conversion and recompression).  

D10 Metadata searching There shall be a mechanism to search in all metadata that 
is stored for the archived items.  

D11 Rights and content 
protection 

There shall be mechanisms to protect the content within 
the dissemination formats against unauthorised use.  

D12 Access to part of the 
stored image and audio 
data of an item. 

There shall be a mechanism to allow access and retrieval 
of only certain temporal parts of an archived item.  
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D13 Media used for access and 
dissemination 

There shall be the possibility to use various types of 
media for dissemination of archived contents. This may 
include physical media such as DVD, hard disc drives, 
digital video tapes etc. as well as access via file download 
or streaming transmission through a data network.   

D14 Access control There shall be a mechanism to provide fine grained access 
control for all access and dissemination activities.  

 

4.4.4 Requirements for Archive File Formats 
A crucial but so far unresolved issue in all digital content matters is that the longevity of digital 
content (regardless of the open access nature of file formats) stored by any method so far 
available, cannot match the longevity and general security of film images. In consequence most 
valuable cinema content made using digital or intermediate routes are now being archived as re-
recorded film if the cost can be justified, even when no film release is proposed. No other 
alternative exists yet. The Hollywood studios too, have no alternative to this, and have indicated 
that they propose to re-record to specialist analogue separation recording film for archiving.  
Many digital intermediate features, made in the last year, have also been recorded onto a data 
tape format (especially LTO, S-AIT or DTF families), but no archive has any confidence in the 
longevity of these tapes.    
 
Fresh film images can be stored with little or no deterioration of film base or images, perhaps for 
thousands of years if kept cold (and other, perhaps cheaper techniques are almost certainly going 
to become available).   Digital data and video tape has no parallel longevity, due to obsolescence 
and the poor longevity of the current supports.  The search to find long life digital, so-called 
“passive”, storage formats that don’t have the built in software, hardware and driver 
obsolescence, has only just begun. 
   
Archives, above all other institutions, recognize that no technique or process will ever be 
“future-proof”.  They will continue to be sceptical of any statement that implies that any 
technique or process or product is the very last and best there ever can be, and will not be 
superseded ever (………with the exception of the wheel!)  Consequently they expect continual 
pressure to update and change.  
 
There is parallel concern over the DCI specification and whatever SMPTE standard arises from 
it; the standard is essential for the industry to have the confidence to move into D-Cinema 
projection.  Digital engineers point at the 35mm Academy standard as a classic case of the 
benefits of a standard.  Unfortunately this is a bad analogy. The DCI proposals were made before 
any cinema had tried out any of the concepts.  It is true that 35mm film has existed as a film 
gauge for over 100 years, but not as a standard, only as the films nominal width; there have been 
numerous film and film projection formats and most were never standardized. In 1932 the 
Academy of Motion Picture Arts and Science described the image size and shape and the sound 
track position on 35mm film that had already become almost universal since 1927. By 1955 this 
format had changed into a multiplicity of wide screen formats and sound arrangements and went 
on changing to today. 
 
Some basic principles and assumptions are important for the concept and architecture of a digital 
film archive:  
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Data file formats must be open access and not subject to commercial ownership or control.  
JPEG200 and MXF fit this requirement but this is not completely the case with the entire current 
DCI specification for D-cinema. For example the sound format is Broadcast Wave, a Microsoft 
format (and encryption is not fully open – although this, in the current DCI specification, is 
optional).  Concern has been expressed by some archivists about this.  
 
Individual archives cannot justify, or will always have difficulty in justifying, several 
different digital storage systems for their collection. There are also increasing concerns 
(especially voiced by TV companies and archives will learn from this) that any DAM system 
should contain, incorporate, or has at least reference to an entire collection or archive’s 
possessions.  This therefore requires that an archive’s digital storage route and system must be 
flexible and handle a wide range of ingested input originals, and generate a wide range of 
outputs, and that in some way must recognize all digital assets wherever they are.  
 
Ideally an archive’s central search, find, browse and output process should include all the 
collection, or all the collection that the archive decides it needs to access. There is a existing and 
increasingly relevant archive concept sometimes crudely termed the “One Big Box”, implying 
that when a search is made all the archive’s possessions are in the “box” to be searched, and this 
could be extended to mean that any DAM must have all the content available and outputable to a 
common selection of format.  This may not be realistic with some content held as 4k data files 
and other as very low resolution internet resolution files but it is an eminently sensible objective.    
In parallel it would be logical if this was a common process used by all archives and would 
eventually allow for integration between archives. 
 
Even partial digitisation of archive’s content will result in vast digital stores, and their total 
capacity will have to be controlled to be affordable. Even quite “small” national archives have 
very large collections when considered at D-Cinema resolutions.  A small feature film collection 
may have 1,000 titles, equivalent to (say) 2,000hrs. A 3,000hr news film collection will have 
between 25,000 to 100,000 titles. At least ten European collections have in excess of 60,000 
titles of mixed material. The cost structure using such large files and retaining both Intermediate 
and the full resolution Archive Master Files is almost certainly beyond any archive for even part 
of a collection, for the time being. Even most US majors will not consider this as long as the 
original film, or the DI re-recorded negative is available.  
 
Archives (including commercial archives and rights holder archives) need to be assured 
than any digital file package they retain, or are given, has minimal risk of being 
inaccessible in the future. This includes any time limitations on access built into a DCP (as well 
as the ever present concerns over software, driver and hardware obsolescence, see below).  
 
Restoration of images may need to be deferred. Previously scanned material and un-restored 
material generally, will not need to be restored to be of value to an archive or to a researcher. In 
many cases no restoration (image repair or fade correction, re-editing, reconstruction etc) would 
be needed, required or justified, at that time. In other cases restoration might be considered 
unnecessary until the restoration cost and time allows.  There will be many instances where a 
film will be scanned for browse/search or broadcast and never needed for any other reason.  
Subsequently a file could be re-accessed and repairs carried out for a D-Cinema use and the new 
restored version re-entered, but in which case the scan will have to be at a resolution and bit 
depth that will permit that restoration without generating unacceptable artefacts.  This procedure 
could be a significant factor in convincing archives of the benefit of both file format and process 
as a whole.  
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The requirements for the archive file formats can partly be derived from all requirements 
described above. Regarding general considerations for the storage of essence and metadata the 
requirements described above apply and therefore they are not repeated here.  
 
In general archives will require the following: 
 

1 Long-term archival storage of digital-born material in optimum quality. 
2 Storage of digitised content from film, mainly used for access; required quality may vary 

according to usage scenarios and business cases, usually compressed storage with 
reduced quality (compared to original material).  

3 Eventually there will be a considerable need for the production of long-term archive file 
In the EDCINE context this will be optional – no such file support or system exists yet, 
but the facility to output this will exist.  

 
The amount of data needed to store a film in its original quality is very large and handling this 
data is difficult. Therefore two-tier architecture consisting of a long-term archive file format for 
preservation and an intermediate archive file format with a higher compression and lower size 
for access purposes is a practical solution. The intermediate archive file can be automatically 
created from the long-term archive file through a conversion process. The characteristics of the 
intermediate archive file format should be chosen in a way that allows relatively fast and easy 
creation of various dissemination formats.  
 

4.4.4.1 Requirements for Long-Term Archive File Format 
The long-term archive file format is used for the preservation of the maximum quality of any 
item. The resulting file will usually be very large, possibly in the range of several terabytes. This 
type of file will normally reside on an off-line medium such as magnetic data tape.  
 

 Requirement Description 
LF01 File splitting and 

maximum file size 
There shall be a mechanism to allow the splitting of large 
archive files into several smaller archive files without loss 
of information. File splitting may be required to meet 
maximum allowed file sizes of specific storage media and 
to ease data handling. There shall also be a possibility to 
organise the files in a way that any item can reside on a 
discrete set of media. This is important to facilitate future 
migration activities.  

LF02 Security for long-term 
archive file format 

Security for this file format is achieved by limiting 
physical access to the file and to its media. No encryption 
shall be used to avoid future decoding problems. 

LF03 Suitability for long-term 
storage 

The long-term archive file format shall be suitable for 
long-term storage in that its accessibility, decodeability 
and interpretability can be guaranteed in the far future. 
This goal can be reached by using open and well 
documented standards.  

LF04 Arbitrary frame rates The long-term archive file format shall be able to store 
image sequences in arbitrary frame rates in order to 
preserve any item as close to its source as possible.  

LF05 Storage of essence data The file format shall be capable to store essence according 
to the requirements described above. 
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LF06 Storage of metadata The file format shall be capable to store metadata together 
with essence according to the requirements described 
above.  

LF07 Suitability for conversion 
to intermediate archive file 
format 

The long-term archive file format shall be specified in a 
way that allows easy and automatic conversion to the 
intermediate archive file format for on-line access.  

 

4.4.4.2 Requirements for Intermediate Archive File Format 
In contrast to the long-term archive file format, in the intermediate archive file format each file 
will be much smaller and normally resides on on-line media such as RAID-system for fast 
access.  
 

 Requirement Description 
IF01 File splitting and 

maximum file size 
There shall be a mechanism to allow the splitting of large 
archive files into several smaller archive files without loss 
of information. File splitting may be required to meet 
maximum allowed file sizes of specific storage media and 
to ease data handling. There shall also be a possibility to 
organise the files in a way that any item can reside on a 
discrete set of media. This is important to facilitate future 
migration activities.  

IF02 Security for intermediate 
archive file format 

Security for this file format is optional.  Security may be 
achieved through the use of encryption and watermarking. 

IF03 Extraction of reduced 
quality browsing image 
data 

The shall be a mechanism to extract reduced quality 
browsing images and sound from the intermediate archive 
file format.  

IF04 Fixed frame rate The intermediate archive file format shall store image data 
in a fixed and regularly used frame rate to ease creation of 
dissemination formats without the need to convert frame 
rates. Preferably 24 FPS or video frame rates for sources 
from video material shall be supported.  

IF05 Optional: arbitrary frame 
rates 

For special purposes the storage of image sequences in 
arbitrary frame rates shall be supported.  

IF06 Storage of essence data The file format shall be capable to store essence according 
to the requirements described above. 

IF07 Storage of metadata The file format shall be capable to store metadata together 
with essence according to the requirements described 
above.  

IF08 Suitability for conversion 
to dissemination file 
formats 

The intermediate archive file format shall be specified in a 
way that allows easy and automatic conversion to all 
required dissemination file formats. 

 

4.4.4.3 Requirements for Archive Dissemination File Formats  
The current DCI proposal currently before SMPTE for D-cinema is only be a part of the overall 
requirement for access, and thus the user requirements fall into two categories: the requirement 
to show film originated material in the cinema using D-cinema projection, in a manner and, 
access to film images for non-cinema purposes.   
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Access via the Cinema  
Film archives until recently have taken very little interest in the DCI proposals for digital cinema 
projection, the likely US projection standards being worked on by SMPTE DC28, or in the 
deliberations of EDCF about the implications of these proposals for Europe, but at the same time 
are seriously concerned about digital projection in their own facilities and its knock on effect in 
the loss of film as the cinema medium, created as film lab services diminish and vanish, and as 
the cinema display of archival films becomes the screening of digital versions using digital 
cinema projectors. 
 
National archives that manage a legal deposit scheme are watching these deliberations only at a 
distance, in spite of the fact that any standard will have a significant effect on the media and 
formats they will retain and their ability to validate, access and store them.  None seem to have 
wanted to influence, or be a part of any decision making process. 
 
Some archives with no legal deposit scheme hardly recognize the changes that are happening – 
others simply wring their hands and wonder what will become of them if film ceases to exist.  
Many seem to think they are simply observers in the change. Only a few have tried to recognize 
what it will mean to them, how their policies may have to change, and what it might cost. It 
seems likely that many could be completely unprepared when digital cinema becomes the norm, 
and film elements cease to be the distribution and display formats in cinemas.  
 
Commercial archives that are not linked to studios producing modern productions seem similarly 
detached; they are concerned at creating digital images that are accessible and fit their client’s 
requirements today, rather than in the future.  
 
At the same time the proposals that have been put forward by DCI and considered more or less 
the basis for the SMPTE recommendations as a US standard, do not address the needs of any 
other sector of the industry than feature film distributors, and mainly the US majors.  This leaves 
many forms of projected cinematography out, and often referred to as “the other stuff”.  
Archives, cinematheques, film and video collections, art house cinemas, local clubs, special 
venues, stadia, sports and music events, speciality groups, and of course small film-makers, 
distributors and exhibitors that, for one reason or another, fall outside the parameters, and 
possibly that includes world populations outside the west, all may feel they too are being 
included in “the other stuff”.   
 
These concerns will become urgent once film lab services diminish and become scarce, 
expensive or non-existent, preventing the replacement of prints, and raising the intrinsic and 
heritage value of existing prints, will drive the digital projection transform forward at an 
increasing pace.   
 
Some industry sectors, even those already using a high degree of digital content seem not to 
consider that they need to be involved in the DCI proposals, for example big screen digital 
projection at music and sports events even though the content is often the same.  Even Barco, 
who create separate “digital cinema” and “big event” projector ranges don’t seem to see these as 
being in any way connected. And the EU project PrestoSpace, principally driven by television 
organizations, has not engaged with projection quality for any of the media or formats it deals 
with, nor with the DCI specifications. 
 
Technologists in film archives, or any moving image archives, or their advisors, where they have 
studied and comprehended these issues, have not considered the selection of file type, wrapper, 
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compression, resolution choices, or file package. Some have expressed concern at what they see 
as over-prescription in an industry still in a considerable flux and development. Their concerns 
are mostly centred around the digital delivery vehicle, its controls and restrictions, the potential 
cost and effort, and the degree to which the final cinema image that originates from a film format 
will differ from the original screened film version, in terms of visual appearance in all its 
aspects. 
 
D-Cinema projection requirements  
Cinema archives, in particular, will continue to consider film formats as long as this is possible.  
However the current DCI procedure is too restrictive and prescriptive to be relevant to archives 
and collections, cinematheques, and art house cinemas that show programmes from film 
origination, but it is still to early to be able to determine where these differences will actually be. 
The SMPTE has been presented (Jan 2007) with a number of proposals (by international archive 
organizations) that may broaden the final SMPTE specification and make the new US standard 
more appropriate. 
 
These issues are: 
 
Loss of authenticity & inaccuracy of display: Film archives will continue to project films 
(wherever that is possible) in a format that simulates the original film projection display used 
when the film was released or shown to the original audiences.  Some of the proposals in the 
DCI specification would prevent this in many very critical and important instances: 

a. The DCI spec operates on a “common width” system and it has been recorded 
that it tacitly proposes a single lens for each cinema space. This would results in 
Academy, 1:1.85 and anamorphic 1:2.35 etc having the same width but differing 
screen heights. This is unacceptable to film archives as it was not the policy in 
cinema presentation in the past. The widescreen format film principle will be 
completely lost unless lens changes, or zoom lenses, are used, and cinematheques 
will probably choose to do that for their own presentations.   In any case the 2.35 
format will have a smaller spatial resolution than a 1.85 if both are from the same 
J2K layer.  
This has received very little attention until now.  There will be little benefit in 
making a 2.35 image in the future as it will be smaller and have less visual impact 
than 1.85. Since the Cinemascope in the 1950’s to the latest anamorphic 
productions from Holly- and Bollywood these have been the greatest spectacles of 
the cinema. Now they will not be seen as they originally were intended unless the 
cinemas incorporate lens changes at the changeover of forma.  Lenses are not part 
of the DCI specification, although they may be considered by the SMPTE 
This may not need to be requirement that limits or defines any EDCINE digital 
storage proposals, although it will be an essential part of the EDCINE metadata 
recording process.    

b. The DCI spec has no heritage low frame rates. Only 24 and 48fps were 
proposed. Although it is possible to digitally “re-frame-rate” 16, 18, 20 and 22 
frames/sec film displays to 24fps digital displays the technique is costly, some 
techniques and some rate-to-rate changes will always be visually unacceptable, 
and the process is unnecessary. Similarly no 25fps or 32fps displays were 
intended by DCI and these issues are being reconsidered by SMPTE. 
It will be essential that EDCINE takes this requirement into consideration. 
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Screen resolution: The film stocks, processing techniques and lenses used to shoot and post-
produce many old films do not justify the lowest 2K level proposed by DCI and repeated 
experimentation has already shown that resolutions higher than an optimum level cannot be 
justified, or visually distinguished, for the restoration of many old films, or for screens below a 
certain size. Clearly the resolution of the original restoration could be anything, and the display 
up-scaled to 2k, even if the screen size is small, but archives feel that a concept that over-
prescribes is inflexible. 
 
Archives as distributors:  Archives and collections provide content for other archives and 
exhibitors, sometimes under an exchange or free-use agreement, but often for a fee, some of 
which may be to cover copyright fees to the rights holders. Film prints are increasing limited to a 
specific number of showings as they are progressively damaged at each projection. It seems 
likely that even public collections will continue to require fees and may extend them to cover 
restoration costs (and even profit!), as well as rights holder’s fees. Once in this situation some 
degree of encryption may be needed (and so may time and frequency limitations), but archives 
have made it very clear that these are secondary to the overall cost.  
 
COST of DCP preparation: There are fundamental cost differences between archive screenings 
and major film distributor’s screenings.  A film archive may possess just a few copies, often just 
one, of a restored film that are circulated to festivals, cinematheques and specialist cinemas, and 
the cost of making a DCP from the original digital master would be exorbitant (even if the low 
cost currently under discussion are not increased). Digital restorations screened as film are not 
yet common because the cost of a film record from the digital master in Europe is about 20-
30,000 Euros – archives hope to avoid this cost by using digital projection, and not replace the 
recorded film negative with the cost of the DCP. So security encryption may be welcomed, at 
least by some archives, but not if the cost of providing it out-weighs the benefits.  
 
Standardization will be welcomed.  If there comes to exist one standard, defined by SMPTE 
DC28, on which we can see “main stream” western cinema, plus a range of “other routes”, some 
with separate “standards”, and others with no specific requirements, perhaps even all available in 
the same cinema (to ensure that any film that needs to be seen can be seen) we may have chaos.  
Poor and/or variable image quality, no controls, variable security, and the audiences will, in all 
probability, face a far greater variety of images than they see projected from film today. Archives 
have always suffered from this lack of control for their precious and valuable product, and they 
see that the digital future may be no different, and, in consequence, will welcome a uniform 
system. 
 
Cost of in house or unrestricted viewing:   Archives and collections have an in-house need to 
display their images; to researchers, their own staff, and invited audiences.  They require a 
controllable and controlled quality projection, but they have concerns over the cost of the DCP 
as envisaged by DCI (inevitably additional to the restoration costs for just a small number of 
showings). They do not require the same security, and therefore do not require encryption, time 
limitation keys, or fee control. (This principal also applies to small film makers – in Europe less 
that 20 film prints are made from over 90% of feature films, and for these small releases all 
prints are made from the original negatives – not from duplicate negatives. The cost today of a 
feature film release print is about 900 Euros (£700) i.e.20 prints are less than 20,000 Euros, but 
even this saving was originally intended, and welcomed, when digital cinemas were first 
proposed, but it seems that a DCP made by a specialist provider may cost the equivalent of 10 or 
more release prints, although these price estimates are still mostly conjecture. Currently the DCI 
proposal includes these security and invoice control components as optional.)  
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Limitations of screening venues for archives’ restorations: Archives, and almost every other 
film distributor, will want to be sure that their product can be shown world wide, and not limited 
to “Hollywood compliant cinemas”. Projector manufacturers already point out that their 
machines will always be able to accept signal inputs from a wide range of sources, and that a 
cinema could have a wide range of input standards – one manufacturer has likened it to Regional 
DVD versions, and proposed that their machines would be multi-standard, multi-regional, multi-
format and resolution independent (and of course they already are). 
 
 

 Requirement Description 
DF01 Security for dissemination 

file formats 
Security for these file formats may be achieved through 
the use of encryption, watermarking and digital rights 
management solutions (DRM).  

DF02 File formats Dissemination file formats may be all file formats used in 
the industry today. The system shall provide pluggable 
modules to create these file formats. The concrete formats 
themselves are subject to change with the advance of 
technology.  

DF03 D-Cinema package  Production of D-Cinema  package for archive cinema  and 
cinematheque use with selectable frame rates, aspect 
ratios and anamorphism. 

DF04 Lower quality  
dissemination formats 

Production of a range of lower quality dissemination 
formats for personal, research and home use.  
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5 European Cinema Content Distribution Model 

5.1 Introduction 
 

The fact that DCI specifications are made by the biggest studios in the US Cinema industry – 
therefore the biggest studios in the whole world – implies a point of view which does not include 
European Cinema Content Distribution specificities. The aim of this chapter is to point out those 
specificities and propose a European Distribution Model fitting every currently existing 
implementation in Europe as well as providing a basis for further standardization in this matter. 
 
Different DC Business models and DC Process models have been studied separately and merged 
them into a single generic model (using UML representation). We followed a top-down approach 
to provide a hierarchical model of the whole system understandable by any layman who has 
interest in this field.  
This generic model includes every activity related to DC, from content production to content 
exhibition and from equipment specifications to virtual print fees contracts. It allows any specific 
implementation we studied to be represented.  
The general model of DC also includes a generic content distribution model. European cinema 
content distribution implementation will be considered using this model as a basis. This model 
will be completed in the following months, within the planned schedule. 
 

5.2  Specificities of European Cinema Content Distribution 
 
In this section, we describe the specificities of European Cinema Content Distribution at first 
sight. In a next step, we will infer a list of requirements the model has to fulfil in order to take 
those specificities into account. 
  

5.2.1 Production Diversity 
European cinema production is not restrained to a few big studios. Independent producers as well 
as production companies coexist to provide the artistic diversity we currently know and admire. 
This diversity may be considered as an added value for European cinema production system and 
as to be preserved throughout the migration to digital cinema. This conveys a lot of issues 
regarding interoperability and security.  

In term of user’s requirements, one wishes to allow any level of content producers to be 
taken into account. A variety of users have the same requirement: they want to be able to keep 
producing movies; being assured those movies will be distributed properly – as it was the case 
for 35mm productions. This infers the necessity for definitions of interoperability points between 
producing companies and distributors as well as entry points for independent producers. 
 

5.2.2 Languages Diversity  
The large amount of different languages in Europe induces versioning of movie to be a complex 
yet mandatory task. Different subtitles and dubbing languages are produced by different 
copyright owners for specific area of distribution. 
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In term of user’s requirements, the copyright owners wish to have insurance of proper use of 
their content. Contract and log reports can fulfill this purpose. As there is a large languages 
diversity, this could lead up to a large amount of transfers between distributors and the subtitles 
and dubbings copyright owners. 
 

5.2.3 Distribution Hierarchy 
European cinema content distribution is based on a hierarchy of distributors; from large areas 
distributors (several countries) to local distributors. Contracts between those entities are very 
different and subject to modification depending on the audience behaviour at exhibition site. 
This leads up to a complex business distributors and exhibitors are used to. 

In term of user’s requirements, distributors wish to be able to keep their business model as 
close as possible to the one they currently work with. The fact that security tasks are introduced 
(i.e. KDM generation and management) should interfere as little as possible with the current 
business models. Particularly, in the case of European distribution, the large amount of transfers 
such as modified or updated KDM transfers will certainly be an issue. 

As in the case for languages diversity, diversity of distributors involves digital rights 
management issues that shall be enforced by log reports. Those reports have to be conveyed back 
to the copyright owners, creating again a large amount of complex transfers. 

5.3 Digital Cinema Model 
 
In this section, we present the digital cinema model we built in order to point out the specific 
requirements needed for European Distribution Model. 
 

5.3.1 Modeling Method 
The model is using UML Use Case standard representation. Use Case diagrams have a few main 
components: 

• Actors are the role adopted by the entities participating. 
• Use Cases are high levels activities in which one or several actors are involved. 
• Link between an Actor and a Use Case represents involvement from that Actor in that 

Use Case. The nature of this involvement is not defined. 
 
We followed a top-down approach, starting from generic activities down to specific activities 
that have to be supported by the business. We kept the model as generic as possible to allow any 
specific implementation to be represented. Only the 2 first levels will be described in this 
section. The full model and documentation is available in Annex 1.  
 

5.3.2 Digital Cinema Model – Level #0 
 
We separated equipment related business from the one related to content production, distribution 
and exhibition. This gives us the two top level use cases: Equipment Business and Content 
Business. 
 As showed on figure, some actors are involved in both use cases. First, we consider the 
35mm-like actors (their roles may be slightly altered by digital cinema): 

• STUDIO issues specifications for the pieces of equipment and provides the content for 
the content business.  
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• DISTRIBUTOR is involved in the Virtual Print Fees (VPF) contract discussions and 
plays his distribution role in the content business.  

• EXIBITHOR is obviously involved in both use cases as he needs to equip his facility 
with proper devices and he is the final interface between movie and audience in the 
content business.  

• GOVERNMENT AGENT may be involved in both businesses, taking care of all 
governmentally enforced policies (rating, censorship, appliances certifications, etc …).  

Two actors are introduced by the mutation to digital cinema, either to take care of this mutation 
or to assure proper running of the new business: 

• INVESTOR is needed to allow a smooth economic transition from 35mm equipment to 
digital equipment on the exhibitor’s side. He makes digital equipment available to 
exhibitor while return on investment is insured by the VPF contract sealed between 
investor, distributor and exhibitor. 

• SECURITY MANGER is a role new to cinema business. This actor takes care of any 
security related activity (key generation, certificate management, etc …). He is involved 
in the equipment business for certification (FIPS levels) and certificate generation. In the 
content business, he supervises all security activities such as encryption of content, 
certificate repository management or equipment maintenance. 

 

 
 

Fig 27 -Digital Cinema Model – Level #0 
  
 
Some actors are business specific. We will discuss them in the sublevel description. 
 

5.3.2.1 Equipment Business – Level #1 
 
EQUIPMENT SPECIFICATION BODY issues the specifications and checks the compliance of 
manufactured equipment. EQUIPMENT MANUFACTURER designs and builds the devices. 
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EQUIPMENT SERVICE PROVIDER installs, maintains and removes the devices on site. It is 
worth noting those roles may be merge and played by a unique entity but we decide to keep them 
separate to keep the model as generic as possible. 

 
Fig 28 -Equipment Business – Level #1 

 
 

5.3.2.2 Content Business – Level #1 
TRANSPORTER takes care of carrying content from one place to another, either physical 
transport of hard drive or virtual satellite streaming is taken into account. POST PRODUCTION 
LABS are editing (credits, subtitles, etc…), encoding and encrypting the content in order for this 
content to be suitable for secure transport and proper exhibition. 
 We define five use cases that cover all activities linked to digital cinema content 
business. Artistic creation is none of our concern; we will only consider the output of this use 
case to be artistically consistent and ready for the next steps. Formatting gathers processes 
mandatory for content preparation such as encoding and encrypting the content. Area specific 
versioning of a feature is done in Local adaptation (credits, censorship, subtitles and dubbing). 
Transportation and exhibition speak as itself. 
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Fig 29 -Content Business – Level #1 

 
 

5.4 European Cinema Content Requirements 
Work not yet started (M6-M24). 
 

5.5 European Cinema Content Distribution Model 
Work not yet started (M6-M24). 
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6 Annex I: EDCine UML Model for Digital Cinema  
 
This documentation is related to the UML model of digital cinema 
developed in the framework of the EDCine project.  

6.1 DC MODEL  
 

 
uc Model Hierarchy Description
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Figure 30 : Model Hierarchy Description 
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uc DC Model - LEVEL #0
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Figure 21 : DC Model - LEVEL #0 

 
 

Equipment Business  
public UseCase:  All actions related to equipment manufacturing, installation investment and 
management.  
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uc Equipment Business - LEVEL#1
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Figure 32 : Equipment Business - LEVEL#1 

 
 

Equipment Manufacturing  
public UseCase:  All actions related to Equipment Manufacturing: equipment specifiation and 
standardization, manufacturing and identity certificate assignement as well as certification 
assement.   
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uc Equipment Manufacturing- LEVEL #2

Standard Specifiers
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Figure 33 : Equipment Manufacturing- LEVEL #2 

 
 

Equipment Certification  
public UseCase:  Before manufacturing, an EQUIPMENT MANUFACTURER may ask a 
Certification Body to certify the prototype meets the specifications.  
 

Identity Certificate Generation  
public UseCase:  Once an equipment has been manufacured by an EQUIPMENT 
MANUFACTURER and has been certified compliant with the specification by a Manufacturing 
Assessor, the SECURITY MANAGER asigns a unique Identity Certificate to this equipment.  
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Manufacturing  
public UseCase:  EQUIPMENT MANUFACTURER manufactures the equipment according to 
the specifications.  
 

Specifications  
public UseCase:  STUIO and Standardization Bodies desgin equipment specification. 
EQUIPMENT MANUFACTURER manufactures equipment in compliance with those 
specifications.  
 

Investment  
public UseCase:  All actions related to the investment needed to provide proper equipment to 
exhibition facilities.  

 
uc Inv estment - LEVEL #2
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Author: UCL
Version: 1.0
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Figure 34 : Investment - LEVEL #2 
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Equipment/VPF Contracts Discussion  
public UseCase:  INVESTOR buys equipment from an EQUIPMENT MANUFACTURER in 
order to equip an EXHIBITOR FACILITY (Equipment Contract). 
DISTRIBUTOR(providing garantees of content) and EXHIBITOR aggre on a way to refund 
INVESTOR (Virtual Print Fee Contrac).  
 

VPF Contract Management  
public UseCase:  DISTRIBUTOR and EXHIBITOR refund INVESTOR during exploitation in 
accordance with the VPF contract discussion.  
 

Equipment Managment  
public UseCase:  All actions related to the day after day life of equipment: installation, 
maintenance and removal.  

 
uc Equipment Managment - LEVEL #2

Name: Equipment Managment - LEVEL #2
Author: UCL
Version: 1.0
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Figure35 : Equipment Managment - LEVEL #2 
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Installation  
public UseCase:  EQUIMENT SERVICE PROVIDER installs equipment made by an 
EQUIPMENT MANUFACTURER in the EXHIBITOR facility. This installation is done under 
the supervision of the SECURITY MANAGER in order to create facility's Trusted Devices List.  
 

Maintenance  
public UseCase:  When a specific piece of equipment hosted by an EXHIBITOR needs a 
maintenance activity, EQUIPMENT SERVICE PROVIDER does it under supervision of the 
SECURITY MANAGER (update of the TDL). EQUIPMENT MANUFACTURER may provide 
spare parts.  
 

Removal  
public UseCase:  Removal of installed equipment is done by the EQUIPMENT SERVICE 
PROVIDER inside the EXHIBITOR facility. SECURITY MANAGER updates the Trusted 
Devices List.  
 

Content Business  
public UseCase:  All actions related to creation, edition and exhibition of content.  
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uc Content Business - LEVEL #1
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Figure 36 : Content Business - LEVEL #1 

 
 

Artistic Creation  
public UseCase:  This action contains all what is needed to create the basic artistic content and 
will not be detailed. Output of this action is a DCDM. 
 
 

Formatting  
public UseCase:  All actions related to technical modification of the DCDM in order to create a 
secure DCP. 
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uc Formatting - LEVEL#2
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Figure 37 : Formatting - LEVEL#2 

 
 

Extern Logistics  
public UseCase:  All actions related to transportation of content between studio and post 
production labs. TRANSPORTER achieves transportation outside trusted environments. Logistic 
Manager (Studio) achieves sending of DCDM and receiving of DCP. Logistic Manager (Post 
Prod) achieves receiving of DCDM and sending or transferring of DCP.  
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Intern Logistics  
public UseCase:  All actions related to transportation of content inside a post production lab. 
Logistic Manager (Post Prod) achieves receiving and transferring of DCP from and to the 
different Editors.  
 

Essence Transformation  
public UseCase:  All actions related to the technical modification of the essence (picture and 
sound content as well as KDM management). Those actions are one by Editors under the 
eventual artistic supervision of the Director. The Security Manager (post prod) provides keys for 
encryption and supervises KDM generation.  
 

 
analysis Picture Transformation - LEVEL #3

Name: Picture Transformation - LEVEL #3
Author: UCL
Version: 1.0
Created: 11/21/06 10:29:01
Updated: 12/20/06 15:50:43

source_mov ie 
ABC:DCDM

Editing

Encoding Encryption

Package Creation

Distribution KDM creationKey Generation TheKey:
ContentKey

ProtectedMov ieABC:
DCP (PKL-MXF*)

Licence_Mov ieABC:
DistributionKDM

StudioCertificate:
Certificate

DistributorCertificate:
Certificate

OneMov ieWhiteList:
TDL

DCDM_extract:
MXF[UUID_1]

DCDM_extract:CPL OneMov iePlaylist:
CPL*

OneMovieContent:
MXF*[UUID_3]

OneMov ieEncoded:
MXF[UUID_2]

[UUID_3]

 
Figure 38 : Picture Transformation - LEVEL #3 

 
 

Distribution KDM creation  
public «process» Activity:  From the Content Playlist (refering to protected MXF), the Content 
encryption Key, the Trusted Device List and the Studio and Distributor identity certificate, the 
Distribution KDM is compiled.  
 

Editing  
public «process» Activity:  Translation of the Content Playlist (from UUID_1 to UUID_3).  
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Encoding  
public «process» Activity:  Encoding of the MXF. UUID_1 (raw MXF) are translated to 
UUID_2 (encoded MXF).  
 

Encryption  
public «process» Activity:  Using the encryption key, encoded MXF are encrypted to protected 
MXF*  
 

Key Generation  
public «process» Activity:  A key for content encryption is generated.  
 

Package Creation  
public «process» Activity:  From the encrypted MXF* and the Content Playlist (refering to 
encrypted content), the distribution DCP is compiled.  
 

DCDM_extract:CPL  
public Object:  Content Play List extracted from the DCDM.  
 

DCDM_extract:MXF[UUID_1]  
public Object:  MXF(s) extracted from the DCDM. Original UUIDs : UUID_1  
 

DistributorCertificate:Certificate  
public Object:  Distributor identity certificate.  
 

Licence_MovieABC:DistributionKDM  
public Object:  Distribution KDM of movie ABC.  
 

OneMovieContent:MXF*[UUID_3]  
public Object:  Encoded and Encrypted MXF. Modified UUIDs : UUID_3  
Note: Reference to encrypted content is marked by (*).  
 

OneMovieEncoded:MXF[UUID_2]  
public Object:  Encoded MXF. Modified UUIDs : UUID_2  
 

OneMoviePlaylist:CPL*  
public Object:  Content Playlist with reference to encrypted MXF. 
Note: Reference to encrypted content is marked by (*).  
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OneMovieWhiteList:TDL  
public Object:  Trusted Device List for movie ABC.  
 

ProtectedMovieABC:DCP (PKL-MXF*)  
public Object:  Encoded and Encrypted DCP of the movie ABC.  
 

source_movie ABC:DCDM  
public Object:  DCDM of the movie ABC.  
 

StudioCertificate:Certificate  
public Object:  Studio identity certificate.  
 

TheKey:ContentKey  
public Object:  Key for content encryption of the movie ABC.  
 

Quality Control  
public UseCase:  Quality of a DCDM or a DCP can be approved by a Tester.  
 

Local Adaptation  
public UseCase:  All actions related to technical or language modification of a DCP in order to 
create a specific version of a DCP for local use.  
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uc Local Adaptation - LEVEL#2
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Figure 39 : Local Adaptation - LEVEL#2 

 
 

Censorship & Rating  
public UseCase:  STUDIO and Government Censorship Agency agree on a specific cut of the 
movie for a specific area. Technical part is done by an Editor. Government Censorship Agency 
also rates the movie. Rating is added to the credits by an Editor.  
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Local Credits  
public UseCase:  Addition, in a DCP, of local credits related to the Local Distributor. Technical 
part is done by an Editor.  
 

Logistics (int./ext.)  
public UseCase:  All actions related to transportation of content between Distributors 
(international and local) and Post Production Labs. TRANSPORTER achieves transportation 
outside trusted environments. Logistic Manager (post prod) achieves transferring of DCP 
between different Editors.  
 

Subtitling  
public UseCase:  All actions related to adding subtitles in a DCP. Translation is provided by a 
Translator under eventual supervision of the STUDIO. Technical part is done by an Editor.  
 

Trans-encryption  
public UseCase:  Eventually, an International Distributor may need a security segmentation of 
the market, asking for separate encrypted versions of the DCP for separate areas. Trans-
encryption is done by an Editor under supervision of the SECURITY MANAGER (providing the 
different keys and TDL needed to regenerate separate KDMs).  
 

Transportation  
public UseCase:  All actions related to content transportation as well as duplication of DCP.  
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uc Transportation - LEVEL#2
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Figure 40 : Transportation - LEVEL#2 

 
 

Carry - Transfert  
public UseCase:  All actions done by a TRANSPORTER in order to carry DCP(s) from one 
place to another.  
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DCP Duplication  
public UseCase:  A Sender may ask for DCP Duplication which will be done by a Duplication 
Labs (Physical Case) or by the TRANSPORTER himself (Satellite Case) with eventual help 
and/or supervision of the SECURITY MANAGER.  
 

Emission  
public UseCase:  Actions done by a Sender to transfert DCP(s) to the TRANSPORTER for 
carry.  
 

Follow-up  
public UseCase:  TRANSPORTER provides information about status of transportation to both 
Sender and Receiver.  
 

Order  
public UseCase:  Sender, Receiver and TRANSPORTER agrees on the transportation process, 
emission and reception dates, price and guarantees through an order.  
 

Reception  
public UseCase:  Actions done by a TRANSPORTER to transfert DCP(s) to the Receiver. 
(Acknowlegde, signature, ...)  
 

Target KDM Generation  
public UseCase:  Sender may generate different KDMs for different DPCs (duplication). This is 
done with help and supervision of the SECURITY MANAGER.  
 

Temporary Storage  
public UseCase:  Eventually, TRANSPORTER can assure temporary storage. This activity can 
be seen as a delayed Carry-Transfert.  
 

Exhibition  
public UseCase:  All actions related to local exhibition of the final content. 
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Figure 41 : Exhibition - LEVEL#2 

 
 

Audit  
public UseCase:  DISTRIBUTOR may ask the SECURITY MANAGER to control and monitor 
actions of the EXHIBITOR.  
 



EDCINE – IST 038454 D1.1 User Requirements and General Conditions
 
 

Page 135 of  243 

Program Managment  
public UseCase:  DISTRIBUTOR AND EXHIBITOR aggre on a specific program for the 
facility. This program can then be publish by a Media Actor such as Newspapers/Radio and 
Internet. Statistics Institution may monitor this program.  
 

Show  
public UseCase:  EXHIBITOR uses specific hardware to project a feature to an Audience. This 
activity can be monitored by a Statistics Institution.  
 

Storage  
public UseCase:  EXHIBITOR may have to store the final content inside the facility.  
 

Ticketing  
public UseCase:  EXHIBITOR sells tickets to allow Audience to attend a show. This activity 
may be monitored by a Statistcs Institution.  

6.2 Level 1 ACTORS  
 
 

EQUIPMENT SERVICE PROVIDER  
public Actor:  Ensemble of people and equipment involved in the installation, maintenance and 
removal of any equipment related to digital cinema, mainly server and projector.  
 

EQUIPMENT SPECIFICATION BODY  
public Actor:  Ensemble of entity involved in the specification of any equipment related to 
digital cinema, mainly server and projector.  
 

GOVERNMENT AGENT  
public Actor:  Ensemble of people and entities related to a government agency, in charge of any 
decisions where governmental opinion matters  
 

INVESTOR  
public Actor:  Ensemble of people and entities involved in financial investment for digital 
cinema, mainly investment needed to provide equipment to the exhibitor.  
 

EQUIPMENT MANUFACTURER  
public Actor:  Ensemble of people and equipment involved in the manufacturing of any 
equipment related to digital cinema, mainly server and projector.  
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DISTRIBUTOR  
public Actor:  Ensemble of people and equipment involved in the distribution process of digital 
cinema: intermediaries between artistic content creator and artistic content exhibitor.  
 

EXHIBITOR  
public Actor:  Ensemble of people and equipment involved in the exhibition of digital movies. 
Those can be isolated cinema facilities up to multiplexes.  
 

POST PRODUCTION LABS  
public Actor:  Ensemble of people and equipment involved in the enhancement or adaptation of 
the basic artistic contents.  
 

SECURITY MANAGER  
public Actor:  Ensemble of people and equipment involved in any security activity. This 
includes keys and certificates generation and management as well as forensic marking and 
forensic inquiries.  
 

STUDIO  
public Actor:  Ensemble of people and equipment involved in the creation and providing of the 
basic artistic content. Also involved in hardware specification activities.  
 

TRANSPORTER  
public Actor:  Ensemble of people and equipment involved in transportation of any content from 
one place to another. This transportation can be of physical nature (disk drives,...) or network 
based (satellite, high broadband networks,...).  
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6.3 Level 2 Actors  
 
 

Audience  
public Actor:  Person attending a show to watch a movie.  
 

Certification Body  
public Actor:  Entity in charge of equipment certification of prototype before manufacturing. 
This entity is delegated by the standard specifiers.  
 

Director  
public Actor:  Leader of the artistic content creation for a specific movie.  
 

Duplication Lab  
public Actor:  Ensemble of people and equipments related to DCP duplication.  
 

Editors  
public Actor:  Persons in charge of an edition activity, technical activity related to post 
production.  
 

Gov. Censorship Agency  
public Actor:  People and equipment in charge of censorship and rating of final content.  
 

International Distributor  
public Actor:  Distributor working as an intermediary between studio and local distributors.  
 

Internet  
public Actor:  Dynamic public repository of exhibition facilities scheduling; information can be 
kept up to date.  
 

Local Distributor  
public Actor:  Distributor working as an intermediary between international distributor and local 
exhibitors.  
 

Logistic Manager (Post Prod)  
public Actor:  Person in charge of transportation (sending, receiving, transferring) of DCDM or 
DCP for a post production lab.  
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Logistic Manager (Studio)  
public Actor:  Person in charge of transportation (sending, receiving, transferring) of DCDM or 
DCP for a studio.  
 

Newspapers/Radio  
public Actor:  Static public repository of exhibition facilities scheduling; once published, it is not 
possible to change this information.  
 

Receiver  
public Actor:  Anyone who is receiving content outside a trusted environment.  
 

Security Manager (Post Prod)  
public Actor:  Person in charge of any activity related to security inside a post production lab 
(essentially encryption of content) -- local extension of the SECURITY MANAGER.  
 

Sender  
public Actor:  Anyone who is sending content outside a trusted environment.  
 

Specifications Assessor  
public Actor:  Entity in charge of equipment specifications assessment after manufacturing.  
 

Standardization Body  
public Actor:  Entity in charge of equipment specification and standardization.  
 

Statistics Instit.  
public Actor:  Entity monitoring the cinema business in general (facilities program, tickets 
sales,...).  
 

Tester  
public Actor:  Person in charge of evaluation of the quality of some content.  
 

Translator  
public Actor:  Person in charge of translating audio and subtitling - including dubbing actors.  
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7 Annex II : Surveys 
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7.1 Survey for D-Cinema Streaming to Theatres (Chapter 2) 
 
The overall survey relevant to Digital Cinema Streaming to Theatres is composed by two 
different contributions: the questionnaire submitted to Network Service Providers (NSPs) and the 
questionnaire submitted to Exhibitors. In fact, since these two actors have different viewpoints, 
two different surveys have been prepared. The first one, relevant to NSPs, is reported below, 
together with the accompanying cover letter, whereas the one submitted to Exhibitors is part of 
the Survey for Advanced Cinema Experience. It can be found in Section 7.2, questions 90 to 
118. 

The EU Project EDCine presents D-Cinema (D-Cinema) Streaming to theatres with many 
questions and new opportunities in the domains of content distribution. 

More specifically, the D-Cinema Workpackage of the EDCine project focuses on the following 
specific networking areas: 

− on-demand distribution of pre-recorded contents to cinema via IP networks; 
− distribution of contents through an IP-based network infrastructure within theatres; 
− on-demand delivery of Live Events to theatres through a QoS-enabled IP network. 

In order to fully and effectively meet the requirements of all actors involved in the possible 
business related to D-Cinema distribution, we would like to have your feedback as an expert in 
the field. 

The present Survey was designed to gather the necessary information to make sure that the 
research carried out within EDCine is consistent with the needs of both users and operator. 

We are well aware that any Survey is time-consuming, and we greatly appreciate the effort you 
will dedicate to helping us with the Survey. Also, feel free to skip the questions that you are not 
sure how to respond to, and to provide figures and numbers even when they are approximate or 
just ‘guesses’: some information is better than none, and most of the questions deal with issues 
on which there is virtually no data available. 

This Survey may be filled out anonymously. However, we would like to encourage you to 
submit your contact information, so we can inform you about the progress of the Project, and the 
results of the Survey. 

You are very welcome to give further comments! If you think we have missed an important 
question or issue please feel free to tell us! 

You can fill in the Survey by either using Adobe Reader or by printing it out. 

For any questions about the Survey, please contact the team of University of Perugia 
(edcine@diei.unipg.it) 

You can return the Survey by email at the same address, or by fax at +39 075 5853654. 
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1. Age 

 <25        25-35        35-45        45-55         >55 

 

2. Country: ________________ 

 

3. Which is your role in the Organisation?   _____________________ 

 

4. Which is the geographical scope of your Organisation? 

 local        regional    national      international 

 

5. What is the approximate size of your Organisation’s staff?  

 up to 10          10-50         beyond 50 

 

6. Do you know D-Cinema? 

 Yes     I’ve heard about        No 

 

7. Are you interested in D-Cinema distribution? 

 Yes            No 

If no, jump to section 2 

 

8. How do you rate your interest in D-Cinema? 

 +++ (high)         ++          +          -         - -      - - - (low) 

 

9. How do you rate the potential contribution of D-Cinema to your business? 

 +++ (high)         ++          +          -         - -      - - - (null) 

 

10. When do you plan to deploy a network infrastructure to distribute D-Cinema contents to 

theatres? 

 0-2 years     2-5 years     more than 5 years     don’t know 

 

11. Does your Organisation own/manage an IP core network?  

 Yes            No 

 If yes, please sign which transport technologies you have in operation: 

 satellite  
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 terrestrial  

 PDH 

 SONET/SDH 

 ATM 

 Frame Relay 

 DTM 

 Other, please specify: __________________________ 

12. If no, please jump questions 12-15 

 

13. Which kind of traffic/QoS engineering is deployed in your IP core network? 

 (G)MPLS 

 Differentiated Services 

 RSVP/Integrated Services 

 Other, please specify: ____________________________ 

 

14. Can your network set-up on a demand basis a virtual leased line with guaranteed 

bandwidth? 

 Yes            No 

 If yes, which is the set-up time? 

 seconds     minutes     hours     days 

 

15. Please, provide the speed of your core links: 

 up to 34 Mbps 

 up to 155 Mbps 

 up to 565 Mbps 

 up to 622 Mbps 

 up to 2.5 Gbps 

 up to 10 Gbps 

 beyond 10 Gbps 

 

16. Which is your willingness to invest in core network to distribute D-Cinema? 

  up to 100 K€       100-500 K€      500-1000 K€       beyond 1 M€ 

 

17. Does your Organisation own/manage an IP access network?  
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 Yes            No 

 If yes, please sign which transport technologies you have in operation: 

 satellite  

 terrestrial  

 wired 

 Twisted pair (xDSL) 

 Optical fiber (EPON, Metro Ethernet, …) 

 Coaxial cable 

 Other, please specify: _______________________ 

 wireless 

 Wi-Fi 

 WiMAX 

 UMTS/GPRS 

 WLL 

 Other, please specify: _________________________ 

 

18. If no, please jump questions 17-19 

 

19. Please, provide the speed of your access links: 

 up to 2 Mbps 

 up to 11 Mbps 

 up to 24 Mbps 

 up to 54 Mbps 

 up to 100 Mbps 

 up to 1 Gbps 

 beyond 1 Gbps 

 

20. Which is your willingness to invest in access network to distribute D-Cinema? 

  up to 100 K€       100-500 K€      500-1000 K€       beyond 1 M€ 

 

21. Does your network support multicast transmission? 

 Yes            No 

 

--------------------------------------------------------------------- 
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Streaming to theatres (distribution of pre-recorded movies to 

theatres through IP network) 
 

N.B. A Content Repository is a server in the network where a large number of pre-recorded 

movies are stored. In principle, more than one Content Repository may be present in the 

network. A Content Server is a server within theatres where the movies to be projected are 

temporarily stored for future projection. 

With reference to the figure below, to distribute pre-recorded movies to theatres two options are 

considered: 

OPTION 1: the Content Repository streams movies directly to the projector (the Content Server 

is bypassed); 

OPTION 2: movies are first downloaded by the Content Server and then streamed to the 

projector. 

Content Repository Content Server Projector

Streaming

Streaming

Theatre

File transfer

 
 

22. Do you think that the IP network service to support the distribution of pre-recorded 

movies to theatres is a potential market and may become a business opportunity for your 

company? 

 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 

 

23. Do you think that the management of content repository for IP-based distribution of pre-

recorded movies to theatres is a potential market and may become a business opportunity 

for your company? 
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 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 

 

24. Do you think that the management of content server within theatres is a potential market 

and may become a business opportunity for your company? 

 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 

 

25. If your current network is not suitable to support D-Cinema distribution, would you be 

ready to upgrade it? 

 Yes, as soon as possible          Possibly         No 

 

26. How much are you willing to invest to offer IP-based distribution of pre-recorded 

movies? 

 up to 50 K€   50-100 K€   100-500 K€  500-1000 K€  beyond 1 M€ 

 

27. How do you evaluate the possibility to stream movies directly from Content Repository 

to the projector inside theatres (option 1)? 

 +++ (very positively)    ++     +      -     - -     - - - (very negatively) 

28. In case of positive evaluation, is your network able to support D-Cinema content 

streaming to theatres (please note that typical data rate of D-Cinema contents is at least 

250 Mbps)? 

 Yes     No 

 

29. How do you rate the possibility to manage the file transfer from content repository to 

content server within theatres (option 2)? 

 +++ (very positively)    ++     +      -     - -     - - - (very negatively) 

30. In case of positive evaluation, is your network able to support transfer of D-Cinema 

contents to those servers in theatres? 

 Yes     No 

If yes, which could be the transfer time for a D-Cinema movie (please note that the file size 

of a 2-hour movie is around 225 GBytes, and for a 3-hour movie it is 315 GBytes)? 

 up to 6 hours 

 up to half a day 

 up to a day 

 more than one day 
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 it depends on the specific case 

 

31. How do you evaluate the deployment of multiple content repositories? 

 +++ (very positively)    ++     +      -     - -     - - - (very negatively) 

 

32. How would you prefer the single movie be booked? (more than one answer is possible)  

 web interface 

 other: 

 face-to-face contract negotiation 

 telephone call 

 SMS 

 fax 

 e-mail 

 

33. Which is the desired advance time for the booking of a movie by an exhibitor? 

 up to one hour before the transfer/streaming start 

 up to six hours before the transfer/streaming start 

 up to twelve hours before the transfer/streaming start 

 up to a day before the transfer/streaming start 

 up to a week before the transfer/streaming start 

 

34. How do you rate the deployment of a wireless service for content streaming to theatres? 

 +++ (very positively)    ++     +      -     - -     - - - (very negatively) 

If you answered positively, how much are you willing to invest to offer wireless streaming? 

 up to 100 K€   100-500 K€  500-1000 K€  beyond 1 M€ 

 

35. Which kind of wireless distribution service do you plan to use for main delivery? 

 None 

 DVB-T 

 WLL 

 WiMAX 

 DVB-S2 

 other, please specify: ____________________ 
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36. Which kind of wireless distribution service do you plan to use for regional delivery? 

 None 

 DVB-T 

 WLL 

 WiMAX 

 DVB-S2 

 other, please specify: _________________________ 

 

37. Which kind of wireless distribution service do you plan to use for sub-regional 

(city/hinterland) delivery? 

 None 

 DVB-T 

 WLL 

 WiMAX 

 DVB-S2 

 other, please specify: _________________________ 

 

38. Which segment of the distribution chain is more viable to wireless operation? 

 From content repository to content server 

 From content server to digital projector 

 

39. Do you think that wireless distribution (although inherently secure) might represent an 

increased thread for piracy reasons? 

 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 

 

---------------------------------------------------- 

 

Live Events Delivery 
 

40. Do you think that Live Events distribution to theatres are a potential market and may 

become a business opportunity for your company? 

 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 
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41. If your current network is not suitable to support Live Events distribution, would you be 

ready to upgrade it? 

 Yes, as soon as possible          Possibly         No 

 

42. How much are you willing to invest to offer IP-based Live Event streaming? 

 up to 50 K€   50-100 K€   100-500 K€  500-1000 K€  beyond 1 M€ 

 

43. Should Live Events be transported on the same network infrastructure used for 

transferring pre-recorded movies to theatres? 

 Separate network          Same network 

 

44. Which is the average delay that your network would be able to guarantee for Live Events 

Streaming? 

 some microseconds 

 some milliseconds 

 less than one second 

 seconds 

 

45. Which is the maximum delay that your network would be able to guarantee to Live 

Events Streaming? 

 some microseconds 

 some milliseconds 

 less than one second 

 seconds 

 

46. Which is the maximum data rate per stream that your network would be able to support 

with the above delay performance? 

 10-20 Mbps 

 20-50 Mbps 

 50-100 Mbps 

 beyond 100 Mbps 

 

47. Does your network support multicast transmission with QoS guarantees? 
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 Yes     No 

 If yes, which technology is used?  ________________________ 

 If no, would you be ready to upgrade your network? 

 Yes     No 

 

48. Which is the desired event booking time schedule? 

 just up to the event start 

 up to one hour before the event start 

 up to twelve hours before the event start 

 up to a day before the event start 

 up to a week before the event start 

 

49. Which percentage of service requests you are confident to serve with the above selected 

advance booking? 

 80%      90%      95%      99%      100%       I don’t know 

 

50. Should terrestrial wireless distribution be used solely for Live Events? 

 Yes     No 

 

51. Do you think that a return channel for interactivity could be deployed using the wireless 

system? 

 Yes     No 

 

-------------------------------------------------- 

 

IP-based distribution inside theatres 
 

52. Do you think that the possibility to deploy and manage a network infrastructure inside 

theatres is a potential market and may become a business opportunity for your company? 

 +++ (yes, definitely)         ++          +          -         - -      - - - (no) 

If there is no interest, please skip this section (1.3). 
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53. How much are you willing to invest to deploy network infrastructure within theatres? 

 up to 50 K€   50-100 K€   100-500 K€  500-1000 K€  beyond 1 M€ 

 

54. Which technology would you plan to deploy? 

 Gigabit Ethernet 

 10 Gigabit Ethernet 

 InfiniBand ® 

 Other, please specify: _________________________________ 

 

55. Should D-Cinema be transported on a dedicated network infrastructure within theatres? 

 Yes          No 

 

56. Which degree of redundancy do you think is suitable? 

 high (1:1,1+1) 

 medium (1:3) 

 low (1:6) 

 Other, please specify: ______________________ 

 

57. Which is the recovery time objective? 

 milliseconds 

 seconds 

 minutes 

 hours 

 other, please specify: ________________________________ 

 

58. Do you think that internal wireless distribution may represent a feasible and alternative 

solution to the wired one? 

 Yes          No 

 

59. Which contents/services would you wireless distribute internally? 

 Movies/Live Events from the content server(s) to the projectors 

 Lower definition live clips in adjacent rooms/streets/bars 

 other, please specify: ____________________________ 
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---------------------------------------------------- 

 

Your contact information (optional): 

Institution: _________________________________________________ 

Name:  _________________________________________________ 

Address:  _________________________________________________ 

_________________________________________________ 

_________________________________________________ 

E-mail:  _________________________________________________ 

Telephone:  _________________________________________________ 

Fax:  _________________________________________________ 

Do you want to keep informed about developments in the EDCINE project?  

 Yes      No 

 

Comments: _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

 

The EDCine – Enhanced D-Cinema project is co-funded by the European Commission in the Sixth Framework 

Programme FP6/2004/IST/4.1, contract no. 038454 EDCine.   
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7.2 Survey for Advanced Cinema Experience (Chapter 3) 
 
Hereafter are presented two document relative to the Survey concerning the Advanced Cinema 
Experience.  
 
First you will find the original list of questions that composes the Survey. The sole medium used 
to complete this survey was internet. Therefore, even if the following document has been 
formatted to be as close as possible to the web version, we invite you to visit the original web 
page:  
 
http://www.edcine.org/survey/  
 
Secondly, we present a detailed survey results report where all the detailed information on the 
survey answers is available. In that document you will find seven different columns:  

o Section: specifies which of the three profiles – Distributor, Exhibitor, Post/Productor – 
we are addressing. 

o Question Number. 
o Question: The fact that no question propositions appear means that it was an open 

question, answers then appear in the “Comments” column.  
o Answer possibilities: Presents the different possibilities that were offered to choose. 

Answer possibilities that have not received any answer have often been omitted.  
o Answer Qty: Presents the number of answers each specific answer proposition received. 

Note that the total number of answers is displayed for each question under a solid blue 
line. The whole total number of answers of the survey is displayed in that same column at 
the bottom of the document. 

o Answer Ratio. 
o Answer average: Where applicable, it displays the average of the given questions, for 

some open questions. 
o Comments. 

 
Notes: Answers that stand out enough from the rest within each question or seemed interesting 
for some reason, have been highlighted in bold. Also, questions 90 to 118 are missing since they 
correspond to part of the Task 1.1 survey. 
 
Hereunder we display the cover letter that presented this web Survey. It is also present in the 
web-survey home page. 
 
“ 
Dear Cinema Professional, 
Digital Cinema is at the door, bringing with it many questions and new opportunities.  
If cinema is your business, you wouldn't want to miss this European Survey as perhaps the best 
opportunity yet for European Digital Cinema and its professionals to express its views.  
 
It needs your answers (respecting a strict confidentiality procedure), and you will be the first 
informed of its results. 
Then follow the link: 
http://www.edcine.org/survey/  
 
Please complete the survey as you have the time, save your answers and continue at any other 
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time.  
 
Again, we count on you… the broader the diffusion, the more significant the results. Do not 
hesitate to spread this survey to other cinema professionals you might think relevant. Closing 
date : February the 18th. We wish you a happy new year 2007 !! 
 
The EDCine consortium. 
 
EDCine:  
The EU Project EDCine was designed to make Digital Cinema in Europe a reality, by taking into 
account Europe’s specificities and challenges and go beyond the existing DCI specifications. To 
do so it has brought together 15 European partners (private companies, universities and cinema-
related public organizations), and has a global budget of more than 9 million euros.  
 
http://www.edcine.org/ 
 



Personal Profile 1/4 
Personal Data 

The target of this personal profile is to qualify your position relative to the other survey answerers, general moviegoers and 
population figures.  

 Age 

 15 – 25 
 25 – 35 
 35 – 45 
 45 – 55 
 55 – 65 
 Over 65 

 

 Gender 

 Male 
 Female 

 

 Mother Language 

 English 
 Spanish 
 French 
 German 
 Italian 
 Other, please specify:   

 

 Citizenship  

 Other, please specify:   
 



Personal Profile 2/4 
Cinema Habits 

 How often have you been to the movies with your family or friends during the last year? 

 None 
 Once 
 Up to 5 
 From 5 to 15 times 
 More than 15 

 What kind of movies do you prefer? 

 Commercial movies 
 Art-house movies 
 Other, please specify  



Personal Profile 3/4 
DC Experience 

 Have you already personally experienced a digital projection? 

 Yes 
 No 

If No, please proceed to the next section  

 How many times? 

• Number of digital screenings:…………………………….    

 When was your last digital screening? 

• Date :   Month … … / year …………  

 In which context? 

 Premiere screenings 
 Festival / Convention 
 Normal commercial screening 

 Did you enjoy it? 

 Yes 
 No 
 Comment:  ……………….  

    

 If yes, what are the main reasons? 

 Picture stability 
 Picture sharpness 
 Color gamut 
 General picture quality (no scratch, stripes, dust,…) 
 Sound quality 
 Quality of the story 
 Other. Please specify:   

 If no, why? 

 Lack of picture quality (sharpness, stability, scratches…) 
 Lack of focus 
 Stroboscopic effect 
 Other: specify:   



Personal Profile 4/4 
Your personal opinion about Digital Cinema 

 Will you regret chemical copies? 

 Yes 
 No 
 I don’t Care 

 When do you think the closest cinema from your house will have at least one digital screen? 

 It is already the case 
 In less than 1 year 
 1 – 2 years 
 3 – 5 years 
 More than 5 years 
 Never 

 What in your organization’s opinion are the main advantages of Digital Cinema? (Pick a maximum of 3 main advantages) 

 It will provide a better cinema experience (better image and sound quality)  
 It will reduce your business costs   
 It will increase reliability 
 It will maintain Box Office levels 
 It will increase the Box Office 
 It will improve the impact of smaller cinemas 
 It will improve copyright security 
 It will increase movie choice 
 Other, please specify:   

 



Organization Profile 1/7 
Organization Data 

The target of the organization profile section is to qualify your organization relative to the other survey answerers, general 
moviegoers and population figures.  It will also allow us to focus our question on your fields of interest. 

 Your organization Name 

•   

 Headquarter country 

•   

 Is your organization 

 Public 
 Private 

 Turnover 

• Annual turnover   

 What is the approximate size of your organization staff? 

 1-29    people 
 30-49    people 
 50-79    people 
 80-110    people 
 110+ people 

 How many movies did your organization screen in the last year in total (Film and Digital)? 

•  ...... Qty (in Nb of Movies) 
• Commercial Movies ......  
• Arts & Independent movies ......  
• Advertisements ......  
• Corporate movies ......  
• Documentaries ......  
• Other: specify ......  

 The audience of your organization is 

 Regional 
 National 
 Continental 
 World-wide 



Organization Profile 2/7 
Organization Role 

 Role of your organization in the movie industry 

 Production & Post-production 
  Please fill-up Producer & Post-production survey section 
 Distribution 
  Please fill-up Distributor survey section 
 Exhibition 
  Please fill-up Exhibitor survey section 
 Other, specify:   



Organization Profile 3/7 
Digital Cinema Position 

Feeling about Digital Cinema 

 Do you have an internal service responsible for DC handling? 

 Yes  
 No 

 What will be the influence of Digital Cinema on your business? 

 Positive    
 Neutral 
 Uncertain 
 Negative 
 I do not know 

 What is your organizations feeling about DC evolution? 

 It’s about to happen 
 We still have time 
 It is not yet something to worry about 
 Other, Specify:   

 What would be the trigger for your organization to completely focus on Digital Cinema? 

 Nothing, it is already the case for our organization 
 An internationally adopted standard 
 An endorsement from the 7 major Hollywood studios 
 Global digital content availability 
 A well defined business model 
 The technology to become cheaper 
 Other, please specify ……………………………………. 

 



Organization Profile 4/7 
Digital Cinema Position 

Challenges 

 What are the main challenges your organization will have to face in order to adapt to digital cinema?  
(Pick a maximum of 4 main challenges) 

 Technical issues 
 Initial costs 
 Hiring new staff or training existing staff 
 Finding new partners or contacts  
 Change / Adapt business plan 
 Technical complexity 
 Security (Intellectual Property theft) 
 Adaptation costs 
 Higher costs (once the technology is well established) 
 It will make smaller cinemas disappear 
 It will disadvantage European films against American films 
 It will increase costs 
 It will disadvantage arthouse films 
 It will make cinema a “colder” experience 
 None 
 Other, please specify: ………………………………………….. 



Organization Profile 5/7 
Digital Cinema Position 

Security 

A security key or KDM (Key Delivery Message) is an encrypted message that links a particular movie title to a particular server / 
projector. This way, that movie will only be playable from that server. Moreover, this security key would also have a “time window”, 
i.e, a period of time outside which the movie associated with the security key would not play. 

 Do you think the use of a security key (KDM) is mandatory in Digital Cinema? 

 Yes   
 No 

 Who in your opinion should deliver Security Keys to the exhibitors? 

 The distributors  
 A national organization   
 The Studios   
 The manufacturers  
 A neutral third party 
• Other, please specify……………………………………………. 

The DCI has proposed that the security key links a particular movie to a single server/projector. The NATO (National Association 
of Theatre Owners) proposed instead that a single security key could link a movie to several predefined servers – all those inside 
the same theatre facility for instance – 

 Should Security Keys be exclusive to a single server/projector or should each security key be used for several 
predefined server/projectors? 

 Single server   
 Several servers 

A follow-up log is an information file that is stored in each exhibitor server and that records all the information about the server use 
i.e. what film has been played, when, how many times, etc…-   

 Would you accept follow-up logs being accessible  to distributors? 

 Yes  
 No  
 Yes but with restricted access (permission from the parties involved needed)  

 



Organization Profile 6/7 
Digital Cinema Position 

Physical Media 

Current 35 mm movie distribution is based on physical media. Digital Cinema distribution opens the door to a virtual media 
distribution but does not preclude a digital media. 

 Would you like to keep a physical media in the movie transport chain?  

 Yes 
 No 
 I Don’t care 

 Why? (More than one answer is possible) 

 I have no confidence in computer movie data bases. 
 For security, I would like to keep a physical copy on site. 
 It would help me to have a smooth transition from the 35mm business model to the new DC business model. 
 It would be more expensive 
 It would be less practical 
 It would be less secure 
 Other, please specify  

 What kind of content transport do you think might be the most appropriate as a substitute for physical media?  
(More than one answer is possible) 

 Satellite 
 Cable 
 XDSL 
 Wireless 

 



Organization Profile 7/7 
Digital Cinema Position 

Intermissions 

Intermission in movies is currently an important topic for the standardization process. Your opinion is therefore of the up-most 
importance. 

 Does you organization allow, use or prefer intermissions in movies? 

 Yes 
 No 

If No, please proceed to the next section  

 For which type of movies? 

 All movies 
 Very long movies 
 Kid’s movies 

 Frequency: 

 On every show 
 On week-end show 
 On afternoon show 
 On evening show 

 Do you allow, use or wish to screen content during the intermission? 

 Trailers 
 Adverts 
 Animation 
 News 
 Guess Game 
 Information about intermission (remaining time…) 

 How do you determine the position of the intermission during the movie? 

 Position selected by creative community 
 Position selected by the distributor 
 Position selected by the exhibitor 
 Position selected by the exhibitor but guided by creative suggestions 



Distributor Survey 1/7 
Day to day operation practice / habits 

Localization  

Dubbing 

 Do you use dubbing? 

 Yes 
 No 

If No, please proceed to the next section  

 With what frequency?  

 On all movies 
 Less than 25% of the movies 
 Between 25 and 50% 
 More than 50% 

 What kind of movies do you dub? 

 Any  
 Family movies 
 Block busters  

 Who does the dubbing? 

 It delivered by the Producer / Studio 
 It is made internally, by the distributor 
 It is subcontracted to the Post – Production house 

If created internally, please answer the following questions. Otherwise please proceed to the next section. 

 Does the producer/studio have a quality control right over the result ?  

 Yes 
 No 

 Does your organization cooperate with other distributors using the same language? 

 Yes 
 No 



Distributor Survey 2/7 
Day to day operation practice/habits 

Localization  

Subtitling 

 Do you use subtitling? 

 Yes 
 No 

If No, please proceed to the next section  

 With what frequency? 

 On all movies 
 Less than 25% of the films 
 Between 25 and 50% 
 More than 50% 

 What languages do you use for subtitling? 

• …………………….. 
•   



Distributor Survey 3/7 
Day to day operation practice/habits 

Localization  

Censorship 

 Do you have to apply a censorship procedure? 

 Yes 
 No 

If No, please proceed to the next section  

 What is the frequency of film (image or sound) modification?  

 Less than 25% of the films 
 Between 25 and 50% 
 More than 50% 

Rating  

 Do you have a rating procedure? 

 Yes 
 No 



Distributor Survey 4/7 
Day to day operation practice/habits 

Localization  

Hearing and visual impaired help  

 Do you provide any support for hearing and visual impaired movie goers? 

 Yes 
 No 

If no, please proceed to the next section  

 With what frequency? 

 Less than 25% of the movies 
 Between 25 and 50% 
 More than 50% 

 Could you briefly describe your system (what equipment you use; what kind of movies benefit from the system etc )? 

•  ………………………………………………………….. 



Distributor Survey 5/7 
Day to day operation practice/habits 

Localization  

Distributor logo insertion 

 Do you associate with or insert your distributor logo at the beginning of the movie? 

 Yes 
 No 

Trailers insertion   

 Does your contract usually force trailer selection during the pre-show? 

 Yes 
 No 



Distributor Survey 6/7 
Digital Cinema Business Model 

 Do you think that having digital copies (instead of 35 mm) will have an impact on your business model?  
(More than one answer is possible) 

 No, it will have no impact 
 Yes, increased competition 
 Yes, easier distributor – exhibitor negotiation  
 Yes, more complex distributor – exhibitor negotiation  
 Other, please specify………………………………………………. 

 Which of the following channels would you consider taking advantage of? (More than one answer is possible) 

 Internet (Websites) 
 Mobile phones and other portable devices 
 PDA’s 
 Internal Video Display (Shopping Centers, etc…) 
 None 

 Would it be useful for you to have access to the following information? (More than one answer is possible) 

 Complete set of takes for the movie 
 Take notes 
 Dailies 
 Editor’s cut  
 Producer’s notes 
 Producer’s cut 
 EDL’s  
 Online editing data (visual special effects, audio sound effects, color correction, technical delivery specs of the broadcaster) 
 Copyrights 
 Trailers 
 Teasers 
 TV Spots 
 Dubbing 
 Subtitles 
 Advertising data ( official posters, newspaper and magazine advertisements, ads in general) 
 Distribution obligations and restrictions for each component of this Master File (includes copyrights)  
 None 
 Other, please specify:   



Distributor Survey 7/7 
Digital Cinema Project 

 Is your Organization currently equipped for D-Cinema?  

 Yes   
 Not yet, but it is planned to be in the next year  
 No  

If  your answer is “No”, jump to the next section 

 How many Digital movies did your organization handle over last year? 

•  ......Qty (in Nb of Movies) 
• Commercial Movies ......  
• Arts & Independent movies ......  
• Advertisements ......  
• Corporate movies ......  
• Documentaries ......  
• Other: specify ......  

 Are you planning to increase this volume in the next year? 

 Yes 
 by 10% 
 between 10% and 25% 
 More than 25% 
 No 

 



Exhibitor Survey  1/13 
Profile 

Exhibitor - Chain 

 

 Are you part of a chain? 

 Yes  
 No 

If  your answer is “No”, jump to next section. 

 How many cinema sites are there in your chain? 

• .....................Cinema sites  

 How many screens? 

• ………………Screens 

 Is your cinema chain 

 Regional 
 National 
 International 

 



Exhibitor Survey  2/13 
Certification 

 Is your theatre compliant to a certain standard / recommendation / guideline (for either Digital Cinema or 35mm) ? 

 Yes, please specify which one…………………………………… 
 No 



Exhibitor Survey  3/13 
35 mm current figures 

Projection Equipment 

 

35 mm 

 What is the average complete lifetime of your 35mm projector(s)? 

 Less than 5 years 
 5 to 10 years 
 10 to 15 years 
 More than 15 years 

 With your current 35mm installation, how often do you have to cancel a show for technical issues? 

• Number of shows cancelled per year    Shows per year 
Or 

• Ratio of cancelled Show ......   % 



Exhibitor Survey  4/13 
35mm current figures 

Sound Equipment 

 What is your typical sound system? 

 Analogue Stereo 
 Analogue Dolby SR 
 5.1 Dolby Digital 
 DTS 
 SDDS 
 Others. Please specify:   

 What is your typical speaker configuration? 

 Behind the screen: 

 1 
 2 
 3 
 5 
 More than 5 

 For the surround system: 

 Less than 4 
 From 4 to 8 
 More than 8 

 As subwoofers: 

 1 
 2 
 More than 2 



Exhibitor Survey  5/13 
35mm current figures 

Sound Equipment Satisfaction 

 Are you satisfied with the existing sound systems? 

 Yes 
 No 
 No opinion 

 What is in your opinion the contribution of audio compared to video in the Digital Cinema experience? 

 Image is much more important than sound 
 Image is more important than sound 
 Sound is more important than image 
 Sound is much more important than image 

 Are you willing to spend money renewing your sound systems? 

 Yes   
 No 

 What are the major drawbacks of existing sound systems? (More than one answer is possible) 

 Loudness / Volume 
 Frequency response 
 Sampling rate (48kHz) 
 Lossy compression 
 Sound quality of loudspeakers  
 Audio quality of reproduction chain 
 LFE 
 Size of the optimal listening area 
 Lack of spatiality 
 Lack of envelopment 
 Lack of spatial depth 
 Lack of height 
 Gaps in movement 
 User interface for operators 
 User interfaces in the mixing process 
 Other, please specify:   



Exhibitor Survey  6/13 
Digital Cinema Business Model 

 Do you think that having digital copies (instead of 35 mm) will have an impact on your business model?  
(More than one answer is possible) 

 No, it will have no impact 
 Yes, increased competition 
 Yes, easier Distributor – Exhibitor negotiation  
 Yes, more complex Distributor – Exhibitor negotiation  
 Other, please specify………………………………………………. 
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7.3 Survey for Film Archives (Chapter 4) 
 

Cover letter: 

Digital Cinema presents Film Archives with many questions and new opportunities in the 
domains of film preservation and access.  

The EU Project EDCine was designed to deal with many questions about interoperability and 
features of D-Cinema in the European environment, including the needs and requirements of 
Film Archives.  

More specifically, the Archival Workpackage of the EDCine project focuses on two specific 
areas: 
- Technical solutions to enable Archives to provide Access to their collections at different 

quality levels, from low quality Internet streaming to high quality D-Cinema;  
- Specifications for file formats and metadata structures for long term preservation of 

digital data, either from digitised film or analogue video materials, or newly produced 
digital movies. 

The Project EDCine is engaged in a close collaboration with the Association of the European 
Archives thanks to the participation of the Cinémathèque Royale de Belgique, and with the 
Technical Commission of FIAF, the International Federation of Film Archives. 

In order to fully and effectively meet the requirements of all Film Archives in the D-Cinema 
domain, we need the support and the help of as many archives and archivists as possible. 

The present Survey was designed to gather the necessary information to make sure that the 
research carried out within EDCine is consistent with the needs of Archives. 

We are well aware that any Survey is time-consuming, and we greatly appreciate the effort 
you will dedicate to helping us with the Survey, and we assure you that the information 
gathered is very important to us. Also, feel free to skip the questions that you are not sure 
how to respond to, and to provide figures and numbers even when they are approximate or 
just ‘guesses’: some information is better than none, and most of the questions deal with 
issues on which there is virtually no data available.  

You can fill in the Survey by either using Adobe Reader or by printing it out.  

For any questions about the Survey, please contact Mr Arne Nowak at Fraunhofer Institute: 
arne.nowak@iis.fraunhofer.de. 

You can return the Survey by email at the same address, or by fax at:  

Arne Nowak   via fax: +49-9131-776-588 

You are very welcome to give further comments! If you think we have missed an important 
question or issue please feel free to tell us!  

This Survey may be filled out anonymously. However, we would like to encourage you to 
submit your contact information, so we can inform you about the progress of the Project, and 
the results of the Survey.  
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 Section 1 – About your organization 
 

1) Name of the archive (optional) 
      

2) Is your archive 
 Public or   Private? 19 

 
3) Do you define your archive’s core activities as 

  Commercial or     Non-Commercial? 
 

4) What is the approximate size of your archive’s staff?  
  1-20     21-40      41-60      61-90      90+  

5) How many single items are stored in your archive (approximately)? 
      

6) What types of access to the collections does your archive provide? 
  On-site viewing 

 on film    on DVD / video 
  Theatrical screenings programmed directly by your archive 
  Film loans to other institutions / theatres 
  On line access 

 to cataloguing information  to documentation  to moving images 
  

7) Can you define the users that request elements of the archive?  
It would be very helpful if you can indicate the size of each group that applies, in numbers (e.g. as number of screenings) 
or percentage.  

 
8) Where are your users located? Please indicate an approximate percentage. 

 Your region/town 

 In your country 

 In other EU countries 

 World wide 

      

      

      

      

                                                 
19  By the term ‚Public’ we indicate either an institution which is legally owned by a public body, or an institution 
whose budget derives predominantly from public fundings or grants and donations of non-profit organisations. 

Type 

 Individual users (scholars, researchers, private individuals) 

 Educational institutions (Universities, Schools)  

 Other archives  

 Film festivals 

Cinemas 

 Commercial cinemas  

 Art-house cinemas, repertoire cinemas  

Film/TV industry 

 Film production companies 

 Broadcasters  

  Other (Please specify!)        

 

Number or %  
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9) Please indicate what activities are performed by your archive, and if they are carried out internally 
or externally (by outsourcing) 

 
  Long term conservation     Internal  External 

 film materials     Internal  External 
 analogue video      Internal  External 
 digital video or digital film     Internal  External 

  Cataloguing / metadata creation    Internal  External 
 Film collections     Internal  External 
 Video collections      Internal  External 

  Preservation / restoration of film  Internal  External 
 analogue restoration     Internal  External 
 digital restoration      Internal  External 

  Preservation / restoration of video  Internal  External 
 analogue restoration     Internal  External 
 digital restoration      Internal  External 

  Digitisation of film materials    Internal  External 
  Digitisation of video materials    Internal  External 

 
10) How collection items are acquired by your archive? It would be very helpful if you can indicate the 

size for each group that applies, in numbers (as approximate number of items/year) or 
percentage. 

 
  Legal deposit          nr of items 
  Voluntary deposit           nr of items 

 occasional          nr of items 
 recurring           nr of items 

  Purchasing of other collections        nr of items 
  Internally  produced         nr of items 

 
11) Can you please try to break down your collections by type of content, and running time? Also 

approximations, even based on your personal opinion, would be extremely useful.  
 

Type of films Approximate figures / %  

Fiction Films        

Documentaries       

News / Newsreels       

Raw / stock footage       

 
Running time Approximate figures / %  

Shorts (< 30 min.)       

Medium length       

Feature length (>90 min.)       
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Section 2 – Technical details of the archive  
 

12) It would be very helpful if you could give us information about the breakdown of your collections – 
approximate figures or percentages would be enough.  

Type of materials  Nr % 
Film 
 positive prints             
 pre-print materials (negatives, internegatives, interpositives, etc.)             
Analogue video (excluding viewing copies of other archive material)             
Audio recordings 
 separate audio material (tape, magnetic film, etc.)              
 simple audio on film prints (Mono or Stereo)             
 encoded stereo or multi-track on film prints (DolbySR/Digital, SDDS, DTS,etc)             
Digital data formats (incl. DVD, digital tape, in file format etc.)             
 

13) It would be very useful for the project to know what the image formats of your film collections are. 
Can you try to approximate percentages (or figures) for the most common formats?  
Frame rates (fps) silent speed        24       25         other:       

Aspect ratios Silent format        

 Academy 1:1,33       

 Wide screen formats (1:1,66, 1:1,75, etc.)       

 Anamorphic       

 Other (please specify)             

Special formats 70mm       

 3D       

 IMAX       

 Other (please specify)             

 
Metadata 
 

14) Which cataloguing or metadata standards do you use? 
      

 

15) Is your catalogue currently organised in a database?  
 Yes      No  

 If YES, how is it accessible?  
On line  

 accessible to all 
 accessible only upon registration 

 On internal network  
 open to all or most of the staff 
 open to selected (few) staff members 

 
16) Which database or software product do you use in cataloguing, to store and access metadata? 

      

17) Is metadata directly stored with the digital media data (in the same file)? 
 yes   no 

If yes, please specify which metadata.  

      

 

 

18) Do you exchange data with other archives? 
 Media data (essence)   Metadata (catalogue entries) 
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If yes, can you please specify employed formats and standards.   

      

 

19) Do you store information of usage and copyrights for archived films? 
 yes   no 

20) Do you employ standards for rights management? 
 yes   no 

If yes, please specify! 

      

 

 

21) Do you offer to downmix (or upmix) of audio data if requested by your customers, e.g. a 
conversion from multichannel to stereo? 

 yes   no 
 

22) If not, would you like to offer this service in the future if tools for high quality audio channel 
conversion exist?  

 yes   no 

 
 

Section 3 – About use of digital technologies in your archive 
 
 

23) Is your archive currently using digital technologies in the context of its activities?  
 Yes      No  skip questions 24, 25, 26 & 27 

If YES, can you indicate in which areas?  
   Access  
    On line catalogue 
    On line streaming or download 
    Digital Cinema  
    Access copies for individual viewing 
    Masters for broadcast 
   Restoration 
    Film  
    Video 
    Audio 
 

24) How many of items are already digitised (percentage)? 
      

25) How much overall storage capacity do you have for digital data (net capacity)? 
      

26) Which hardware / software solutions do you use for storing digital media data? 
      

27) Do you perform quality control on digitised items?  
 yes   no 

If yes, please specify in which way! 
      

 

 

 

 
28) Is your Archive planning to expand the use of digital technologies?  

 Yes      No  
If YES, can you indicate in which areas?  
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   Access  
    On line catalogue 
    On line streaming or  download 
    Digital Cinema  
    Access copies for individual viewing 
    Masters for broadcast 
   Restoration 
    Film  
    Video 
    Audio 
 

29) If in your archive digital technologies are used – or planned for use – in expanding access to the 
collections, can you indicate what type of services you expect it to be more useful for?   

•   Availability of catalogues on line 
   On line streaming 

 On line download of content 
   Digital Cinema 
   DVD distribution 
   Access copies for individual viewing 
 

• And for what type of content, primarily? 
 Fiction films 

   Documentaries 
 Newsreels 

 
30) Does your archive acquire or receive in (legal or voluntary) deposit copies or masters of films 

produced using the Digital Intermediate process?  
 Yes    NO, but it was proposed    NO  

 
 If the answer is “YES” or “NO, but it was proposed”, can you specify the formats that you accept 

or suggest to use?  
 Film material (inter-negatives, prints, etc.) 
 Digital files   Digital video tapes 

 
Section 4 – Opinions on digital technologies 

 
 

31) If your Archive is currently using digital technologies, or if it is planning to, can you give us your 
opinion about the following issues and strategic choices?  
 

• On Image digitisation : Which spatial resolution should in your opinion be used to digitise 
35mm film for long term archiving? 

 2K,  4K,  8K,  Other:       

How many bits per colour channel should be used for quantisation? 
 10 bits,  12 bits,  16 bits, other:      ;  linear or  logarithmic? 

 

• What is your preferred file format for archiving digitised film?  
      
 
Is compression acceptable?  yes   no 

If yes, please specify:  Lossy (visually lossless)  Lossless 

 

• What is your preferred file format for archiving digitised audio?  
      
 
Is compression acceptable?  yes   no 

If yes, please specify:  Lossy (visually lossless)  Lossless 
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• What kind of impact do you expect Digital Cinema to have on film archives?  
Positive      Negative  

 
• Can you shortly say why do you think so? 

      

 

 

• Do you expect your archive to conserve and restore films produced digitally for Digital 
Cinema, in the future?  

 Yes      No  
 
• Any other comment:       
 

 
32) What will be the influence of Digital Cinema on your activities? 

 No opinion 
 +++ (Very positive)  ++  +  -  - -  - - - (Very negative) 

 
33) What are in your opinion the main advantages of Digital Cinema? (Pick a maximum of 3 main 

advantages) 
 A better cinema experience (better image and sound quality)   
 Lower costs   
 Higher robustness (less show cancellations due to technical issues) 
 Increased audience  
 Increased impact of small cinemas 
 Increased copyright security 
 Increased movie choice 
 Other, please specify…………………………………. 

 
34) What are in your opinion the main challenges you will have to face in order to adapt to digital 

cinema, if any? (Pick a maximum of 3 main challenges) 
 Technical issues  
 Preliminary costs  
 Hiring new staff or training existing staff  
 Finding new partners or contacts  
 Change / adapt overall strategies  
 None 
 Other, please specify…………………………………………… 

 
35) What are your main concerns regarding systematic changes introduced by the advent of digital 

cinema? (Pick a maximum of 3 main concerns) 
 It will make smaller cinemas disappear 
 It will disadvantage European films against American films 
 It will increase costs 
 It will disadvantage “art and essay” films 
 It will make cinema a “colder” experience 
 Other, please specify:………………………………………….. 

 
36) When do you think the closest cinema from your home will get a digital projector ? 

 It is already done  Less than 1 year   1 – 2 years 
  3 – 5 years   Never 
 

37) What should be the Digital Cinema assets in order to get spread wider? 
 

A ) Compared to 35 mm release prints, image quality needs to be : (Pick only the one that best 
applies) 

 Much better  Better  Same quality  It does not matter 
 No opinion 
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B) Compared to 35 mm sound systems, sound quality needs to be : (Pick only the one that best 
applies)  

 Much better  Better  Same quality  It does not matter 
 No opinion 

 
C) Compared to 35 mm sound systems, subtitle quality needs to be : (Pick only the one that best 
applies) 

 Much better  Better  Same quality  It does not matter 
 No opinion 

 
38) Will Digital Cinema facilitate the production and distribution of film in Europe through the use of 

multi-language soundtracks and subtitles? 
 No opinion 
 +++ (agreed)  ++  +  -  - -  - - - (disagreed) 

 
Your contact information (optional):  
 
Institution:       

Name:        

Address:        

 

 

 

E-mail:        

Telephone:        

Fax:        

Do you want to keep informed about developments in the EDCINE project?  

 Yes      No 
 
The EDCine – Enhanced Digital Cinema project is co-funded by the European Commission in the Sixth Framework Programme 
FP6/2004/IST/4.1, contract no. 038454 EDCine.   
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8 Annex III : The Film Formats and Colour Systems in 
Film Archives 

 
Film archives in Europe and the USA have extensive collections that cover a wide range of 
formats and film systems. It has been estimated that about 7-10% of these archives can be from 
the silent era prior to 1930 (it has also been estimated that some 70-85% of the titles from this 
period is missing entirely). Archives may have copies or versions of titles that are also found in 
many other archives, especially feature films that were widely distributed. No estimates exist of 
the scale of this overlap.  
The film types, systems, elements and formats, independent of their content are important as 
determining the method and the specifications needed to ensure accurate, authentic and complete 
transfer of the content into digital files.  There are a great many variables, and although many 
systems, especially colour systems, and formats were short lived, there are a very large number 
of variables even amongst commonly and widely used systems and formats. Each of these 
require a different approach to scanning, digitization and the optimum file for storage.   
The two following tables demonstrate something of this range.   
Table 1 shows a selection of the cinema and cinematographic film formats found in European 
and US film archives. Formats in bold are found in all archives. Notice that in the early years of 
the cinema there were few standards and the technology drifted rather than had obvious and clear 
cut formats. After 1950 new formats became a marketing technique and were more frequent and 
distinct.  
Table 2 is a selection of the of colour film systems used in cinemas, for television and for other 
cinematography, that can be found in European and US film archives. The first section lists both 
rare and common systems from the period before the Second World War (which changed many 
things in the film industry). These were many and various and variable in quality. After about 
1950 when Eastman Color films stocks came onto the market there was a short period of 
competition between competing negative-positive systems, and somewhat longer between 
reversal systems for television news and current affairs. In the 1960’s pressure in the US (and to 
some extent in some European markets) created a situation whereby the Eastman colour 
processes became standardized and “shared” with other manufacturers. This has resulted in a 
long period, almost 50 years, of relative stability in the cinema film technology and market (and 
to a lesser extent in television film market, now almost non existent). This stability in one area of 
the technology has been responsible for a rising competition between formats especially cinema 
formats.       
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Edison's original 
silent film  

William 
Dickson and 
Thomas 
Edison 

1892 Blacksmithing 
Scene 

35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 12fps 
approx 

1,33 0.931" x 
0.698" 

spherical 

Cinematographe Lumiere 
Brothers 

1895 La Sortie des 
Usines 
Lumiere 

35 mm 1,33 0.980" x 
0.735" 

1 perf, 2 
sides 
(rounded) 

spherical 35 mm 12fps 
approx 

1,33   spherical 

Silent film 
"standard" 

William 
Dickson and 
Thomas 
Edison?  

1896   36 mm 1,33 0.980" x 
0.735" 
nominal, but 
many 
variations 

4 perf, 2 
sides 

spherical 35 mm 16-24fps 
approx, 
20-24fps 
common 
by 1920's 

1,33 0.931" x 
0.698" 
nominal, but 
many 
variations 

spherical 

Home Kinetoscope Edison 1912 unknown 
(amateur 
format) 

no 
standard 

no 
standard 

no standard no standard spherical 22 mm, 2 
perf (on 
frameline 
between 
frame rows)

16fps 
approx 

1,5 0.236" x 
0.157" (three 
frames 
across width) 

spherical 

Pathe Kok Pathe 1912 unknown 
(amateur 
format) 

28 mm 1,36 0.748" x 
0.551" 

3 perf on 
one side, 1 
perf on the 
other 

spherical 28 mm 16fps 
approx 

    spherical 

Duoscope Alexander F. 
Victor 

1912 unknown 
(amateur 
format) 

17.5 mm     2 perfs, 
center 

spherical 17.5 mm 16fps 
approx 

    spherical 

Panoramico Filoteo 
Alberini 

1914 Il sacco di 
Roma 

70 mm 2,52   5 perf, 2 
sides 

spherical 70 mm 16fps 
approx 

    spherical 

Split Duplex Duplex 
Corporation 

1915   35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 
(shooting) 

spherical 35 mm 16fps 
approx 

1,87 0.735" x 
0.394" 

spherical 
(split image 
90° rotated) 

11 mm (American) 1916 unknown 
(amateur 
format) 

11 mm     1 perf, 
center 

spherical 11 mm 16fps 
approx 

    spherical 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Movette Movette 
Camera 
Company 

1917 unknown 
(amateur 
format) 

17.5 mm     2 perfs, 2 
sides 
(rounded) 

spherical 17.5 mm 16fps 
approx 

    spherical 

28 mm safety 
standard 

Alexander 
Victor 

1918 unknown 
(amateur 
format) 

28 mm 1,36 0.748" x 
0.551" 

3 perf, 2 
sides 

spherical 28 mm 16fps 
nominal   

    spherical 

Clou (Austrian) 1920 unknown 
(amateur 
format) 

17.5 mm     2 perf, 2 
sides 

spherical 17.5 mm 16fps 
nominal   

    spherical 

26 mm (French) 1920 unknown 
(amateur 
format) 

26 mm     1 perf, 1 
side 

spherical 26 mm 16fps 
nominal   

    spherical 

9.5 mm Pathe 1922 unknown 
(amateur 
format) 

9.5 mm 1,31 0.335" x 
0.256" 

1 perf, 
center 

spherical 9.5 mm 16fps 
nominal   

1,31 0.315" x 
0.242" 

spherical 

Phonofilm Lee De 
Forest 

1922 Barking Dog 
and Flying 
Jenny 
Airplane 

35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 16fps 
nominal   

1,17 0.826" x 
0.708" 

spherical 

Widescope John D. Elms 
and George 
W. Bingham 

1922   35 mm x 
2 (both in 
same 
camera) 

0.980" x 
0.735" 

1.33 x 2 
negatives 

4 perf, 2 
sides 

spherical 
(one lens 
per strip) 

35 mm x 2 
projectors 

16fps 
nominal   

2,66 0.931" x 
0.698" 

spherical 

Cinebloc Ozaphan 1922 unknown 
(amateur 
format) 

22 mm     2 perf, 2 
sides 

spherical 22 mm 16fps 
nominal   

    spherical 

Tri-Ergon soundfilm Tri-Ergon 1922   35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 42 mm 20fps 
approx?   

1,33 0.931" x 
0.698" 

spherical 
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LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
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Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

16 mm  Eastman 
Kodak 

1923 unknown 
(initially 
amateur, later 
a 
professional 
format) 

16 mm 1,37 0.404" x 
0.295" 

1 perf, 2 
sides 

spherical 16 mm 16fps  1.37, perf 
both sides 

0.378" x 
0.276" 

spherical 

Duplex G.J. Bradley 1923 unknown 
(amateur 
format) 

11 mm     2 perf, 2 
sides 
(rounded) 

spherical 11.5 mm 16fps 
nominal   

    spherical 

Alberini-Hill Corrado 
Cerqua 

1924   35 mm 1,66 1.575" x 
0.945" 
(curved) 

10 perf, 2 
sides, 
horizontal 

spherical, 
on 65° 
revolving 
drum 

35 mm 16fps 
nominal   

    spherical 

Cinelux Ozaphan 1924 unknown 
(amateur 
format) 

24 mm       spherical 24 mm 16fps 
nominal   

    spherical 

48 mm J.H. Powrie 1924   48 mm 1,32 1.969" x 
1.496" 

horizontal spherical 35 mm 16fps 
nominal   

1,33 0.931" x 
0.698" 

spherical 

Natural Vision George K. 
Spoor and P. 
John 
Berggren 

1925 Niagara Falls 
and 
Rollercoaster 
Ride 

63.5 mm 1,84 2.060" x 
1.120" 

6 perf, 2 
sides, 20 
fps 

spherical 63.5 mm 16fps 
nominal   

2   spherical 

13 mm (French) 1925 unknown 
(amateur 
format) 

13 mm     4 perf, 
center 

spherical 13 mm 16fps 
nominal   

    spherical 

18 mm (Russian) 1925 unknown 
(amateur 
format) 

18 mm     1 perf, 2 
sides 

spherical 18 mm 16fps 
nominal   

    spherical 

Pathe Rural Pathe 1926 unknown 
(amateur 
format) 

17.5 mm 1.35 
(silent); 
1.30 
(sound) 

0.516" x 
0.382" 
(silent); 
0.445" x 
0.343" 
(sound) 

1 perf, 2 
sides 

spherical 17.5 mm 16fps 
nominal   

1.33 
(silent); 
1.26 
(sound) 

0.472" x 
0.354" 
(silent); 
0.445" x 
0.343" 
(sound) 

spherical 
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formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
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Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Widevision John D. Elms 
and George 
W. Bingham 

1926 Natural 
Vision 
Pictures 

57 mm     5 perf, 2 
sides 

spherical 57 mm 16fps 
nominal   

    spherical 

Magnascope Lorenzo del 
Riccio 

1926 Old Ironsides 35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 16fps 
nominal   

1,33 0.931" x 
0.698" 

spherical 
(selected 
scenes 
projected 
using a 
wider lens 
for larger 
picture) 

Fox Movietone Freeman 
Harrison 
Owens, 
Theodore 
Case, Tri-
Ergon 

1927 Sunrise 35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 20fps+   1,17 0.826" x 
0.708" 

spherical 

Polyvision Abel Gance 1927 Napoléon, 
section only 

35 mm x 
3 
cameras 

1.33 x 3 
negatives 

0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm x 3 
projectors 

16fps 
nominal   

4 0.931" x 
0.698" 

spherical 

Hypergonar Henri 
Chretien 

1927 Pour 
construire un 
feu 

35 mm 2,66 0.980" x 
0.735" 

4 perf, 2 
sides 

2x 
anamorp
hic 

35 mm 16fps 
nominal   

2,66 0.931" x 
0.698" 

2x 
anamorphic 

Magnafilm Lorenzo del 
Riccio 

1929 You're in the 
Army Now 

56 mm 2,19 1.620" x 
0.740" 

4 perf, 2 
sides 

spherical 56 mm 16fps 
nominal   

2   spherical 

Fox Grandeur Fox Film 
Corporation 

1929 Fox Grandeur 
News and 
Fox 
Movietone 
Follies of 
1929 

70 mm 2,07 1.890" x 
0.913" 

4 perf, 2 
sides, 20 
fps (before 
1930) 

spherical 70 mm 20fps 2 1.768" x 
0.885" 

spherical 

Fearless Super 
Pictures 

Ralph G. 
Fear 

1929   35 mm 2,27 1.813" x 
0.800" 

10 perfs, 2 
sides, 
horizontal 

spherical 35 mm, 
horizontal 

20fps     spherical 
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Format Creator Year 

created 
(approx)

First known 
work 
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aspect 
ratio 
(1:n) 

Gate 
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Negative 
pulldown 

Negative 
lenses 

Projection 
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Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Fearless Super-
Film/Magnifilm/Fox 
Vitascope 

Ralph G. 
Fear 

1930 Kismet 65 mm 2 1.811" x 
0.906" 

5 perf, 2 
sides 

spherical 65 mm 20fps 2,05 1.772" x 
0.866" 

spherical 

Realife MGM 1930 Billy the Kid 70 mm 2,07 1.890" x 
0.913" 

4 perf, 2 
sides 

spherical 35 mm 24fps 1,75 0.904" x 
0.517" 

spherical 

50 mm Fox Film 
Corporation 
and SMPE 

1930   50 mm 1,8 1.325" x 
0.735" 

  spherical 50 mm 24fps 1,8 1.305" x 
0.725" 

spherical 

17 mm sound (French) 1930 unknown 
(amateur 
format) 

17 mm     1 perf, 1 
side 

spherical 17 mm 16fps     spherical 

Giant Expanding 
Pictures 

George 
Palmer 

1930   35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 24fps 1,17 0.826" x 
0.708" 

spherical 
(with a 
special 
projection 
zoom lens 
zooming 
wider and 
opening 
masking for 
key 
sequences) 

Kodel Kemco 
Homovie 

Clarence 
Ogden 

1931 unknown 
(amateur 
format) 

16 mm   4 sequential 
images per 
frame 

1 perf, 2 
sides 

spherical 16 mm 16fps     spherical 

Academy format AMPAS 1932 Format was a 
summary of 
existing 
common 
practice  

35 mm 1,37 0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm 24fps 1,37 0.825" x 
0.602" 

spherical 
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LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
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Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

8 mm (also called 
Double 8) 

Eastman 
Kodak 

1932 unknown 
(amateur 
format) 

16 mm 1,32 0.192" x 
0.145" 

1 perf, 1 
side (using 
16 mm film 
with twice 
as many 
perfs) 

spherical 8 mm 16fps 1.331 
(1perf, 1 
side)  

0.172" x 
0.129" 

spherical 

Straight 8 Bell and 
Howell 

1935 unknown 
(amateur 
format) 

8 mm 1,32 0.192" x 
0.145" 

1 perf, 1 
side 

spherical 8 mm 16fps 1,33 0.172" x 
0.129" 

spherical 

16 mm  (sound) Eastman 
Kodak 

1935   16 mm 1,37 0.404" x 
0.295" 

1 perf, 2 
sides 

spherical 16 mm 24fps   1.37,  Perf 
one side 

0.378" x 
0.276" 

spherical 

Vitarama Fred Waller 1939   16 mm x 
11 
cameras 

1.37 x 11 
negatives 

0.404" x 
0.295" 

1 perf, 2 
sides 

spherical 16 mm x 11 
projectors 

16fps hemispheri
cal view 

0.378" x 
0.276" 

spherical 

Cinerama Fred Waller 1952 This is 
Cinerama 

35 mm x 
3 
cameras 

0.89 x 3 
negatives 

0.996" x 
1.116" 

6 perf, 2 
sides at 26 
fps 

spherical 35 mm x 3 
projectors, 
with 6 perf 
pulldown 

26fps 2.59, with 
146° 
curved 
screen 

0.985" x 
1.088" 

spherical 

Widescreen 1.66, 
aka "Matted 1.66" 

Paramount, 
still used in 
Europe, 2000 

1953 Shane 35 mm 1.37, only 
centre 
1.66 area 
printed 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm 24fps 1,66 0.825" x 
0.497" 

spherical 

Widescreen 1.85, 
aka "Matted 1.85" 

Universal, the 
most 
common 
format in 
2000 

1953 Thunder Bay 35 mm 1.37, only 
centre 
1.85 area 
printed 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm 24fps 1,85 0.825" x 
0.446" 

spherical 

Widescreen 1.75, 
aka "Matted 1.75" 

MGM, still 
used 2000 for 
some TV 
productions 
released in 
the cinema 

1953 Arena 35 mm 1.37, only 
centre 
1.75 area 
printed 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm originally 
24fps, 
some 
releases at 
25fps 

1,75 0.825" x 
0.471" 

spherical 
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LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
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Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Cinemascope 20th Century 
Fox 

1953 The Robe 35 mm 2.55 
(1953-
1957); 
2.37 
(1957-
1967) 

0.937" x 
0.735" (1953-
1957); 0.866" 
x 0.732" 
(1957-1967) 

4 perf, 2 
sides 

2x 
anamorp
hic 

35 mm 24fps 2.55 (1953-
1957); 2.35 
(1957-
1967) 

0.912" x 
0.715" (1953-
1957); 0.839" 
x 0.715" 
(1957-1967) 

2x 
anamorphic 

Arnoldscope John Arnold 1953   35 mm     10 perf, 2 
sides, 
horizontal 

spherical   24fps       

VistaVision Paramount 1954 White 
Christmas 

35 mm 1,51 1.495" x 
0.991" 

8 perf, 2 
sides, 
horizontal 

spherical 35 mm, 4 
perf, 
vertical 

24fps 1,85 0.825" x 
0.446" 

spherical 

Superscope Tushinsky 
Brothers 

1954 Vera Cruz 35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 24fps 2 0.715" x 
0.715" 

2x 
anamorphic 

VistaVision Large 
Area 

Paramount 1955 Strategic Air 
Command 

35 mm 1,51 1.495" x 
0.991" 

8 perf, 2 
sides, 
horizontal 

spherical 35 mm, 8 
perf, 
horizontal 

24fps 1,96 1.418" x 
0.723" 

spherical 

Circarama Disney 1955 A Tour of the 
West 

16 mm x 
11 
cameras 

1.37 x 11 
negatives 

0.404" x 
0.295" 

1 perf, 2 
sides 

spherical 16 mm x 11 
projectors 

24fps 360° 0.378" x 
0.276" 

spherical 

Todd A.O.[2] Michael Todd 1955 Oklahoma! 65 mm 2,29 2.072" x 
0.906" 

5 perfs, 2 
sides, at 30 
fps 

spherical 70 mm 30fps 2.21, with 
120° 
curved 
screen 

1.912" x 
0.870" 

spherical 

Cinemascope 55 20th Century 
Fox 

1955 Carousel 55 mm 2,55 1.824" x 
1.430" 

8 perfs, 2 
sides 

2x 
anamorp
hic 

35 mm 24fps 2,55 0.912" x 
0.715" 

2x 
anamorphic 

4.75 mm Pathe 1955 unknown 
(amateur 
format) 

9.5 mm     2 perf, 1 
side (using 
9.5 mm film 
with twice 
as many 
perfs) 

spherical 4.75 mm 16fps     spherical, 
rotated 90° 
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Projected 
film 
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Projection 
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Technirama Technicolor 1956 The Monte 
Carlo Story 

35 mm 2,26 1.496" x 
0.992" 

8 perf, 2 
sides, 
horizontally 

1.5x 
anamorp
hic 

35 mm, 4 
perf vertical 

24fps 2,35 0.839" x 
0.715" 

2x 
anamorphic 

Technirama Large 
Area 

Technicolor 1956 The Monte 
Carlo Story 

35 mm 2,26 1.496" x 
0.992" 

8 perf, 2 
sides, 
horizontally 

1.5x 
anamorp
hic 

35 mm, 8 
perf 
horizontal 

24fps 1.421" x 
0.881" 

2,42 1.5x 
anamorphic 

Dynamic Frame Glenn Alvey 1956 The Door in 
the Wall 

35 mm 1.3, 1.6, 
and 2.5 

variable 
aperture 
plates 

8 perf, 2 
sides, 
horizontally 

spherical 35 mm, 4 
perf, 
vertical 

24fps 1.3, 1.5, 
and 2.5 

  spherical 

Superscope 235 Superscope 
Inc. 

1956 Run for the 
Sun 

35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 24fps 2,35 0.839" x 
0.715" 

2x 
anamorphic 

Thrillarama Albert H. 
Reynolds 

1956 Thrillarama 
Adventure 

35 mm x 
2 
cameras 

1.78 x 2 
negatives 

  3 perf, 2 
sides? 

spherical 35 mm x 2 
projectors 

24fps 3.55, with a 
curved 
screen 

  spherical 

Magirama Abel Gance 1956 Magirama 35 mm x 
3 
cameras 
(sides 
bounced 
off of 
mirrors) 

1.33 x 3 
negatives 

0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm x 3 
projectors 
(sides 
bounced off 
of mirrors) 

24fps 4 0.931" x 
0.698" 

spherical 

Ultra Panavision Panavision 1957 Raintree 
County 

65 mm 2,86 2.072" x 
0.906" 

5 perf, 2 
sides 

1.25x 
anamorp
hic 

70 mm 24fps 2,76 1.912" x 
0.870" 

1.25x 
anamorphic 

Modern anamorphic Panavision 1957 Silk 
Stockings 

35 mm 2,37 0.866" x 
0.732" 

4 perf, 2 
sides 

2x 
anamorp
hic 

35 mm 24fps 2.35 (1957-
1970); 2.39 
(1970-
present) 

0.839" x 
0.715" (1957-
1970); 0.838" 
x 0.7" (1970-
1993); 0.825" 
x 0.690" 
(1993-
present) 

2x 
anamorphic 
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Projected 
film 

dimensions 

Projection 
lenses 

Cinestage Mike Todd 1957 Around the 
World in 80 
Days 

65 mm 2,29 2.072" x 
0.906" 

5 perfs, 2 
sides 

spherical 35 mm (1 
mm shaved 
off for UK 
prints) 

24fps 2,12 0.912" x 
0.675" 

1.567x 
anamorphic 

Rank VistaVision J. Arthur 
Rank 
Organization 

1957   35 mm 1,51 1.495" x 
0.991" 

8 perf, 2 
sides, 
horizontally 

spherical 35 mm, 4 
perf, 
vertical 

24fps 1,82 0.825" x 
0.602" 

1.33x 
anamorphic 

Kinopanorama NIKFI 1958 Great Is My 
Country 

35 mm x 
3 
cameras 

0.91 x 3 
negatives 

1.014" x 
1.116" 

6 perf, 2 
sides, at 25 
fps 

spherical 35 mm x 3 
projectors 

25fps 2,72 0.985" x 
1.088" 

spherical 

70 mm[2] American 
Optical 
Company 

1958 South Pacific 65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides 

spherical 70 mm 24fps 2,21 1.912" x 
0.87" 

spherical 

Cinemiracle National 
Theatres 

1958 Windjammer 35 mm x 
3 
cameras 
(sides 
bounced 
off of 
mirrors) 

0.89 x 3 
negatives 

0.996" x 
1.116" 

6 perf, 2 
sides at 26 
fps 

spherical 35 mm x 3 
projectors 
(sides 
bounced off 
of mirrors), 
with 6 perf 
pulldown 

26fps 2.59, with 
120° 
curved 
screen 

0.985" x 
1.088" 

spherical 

Super Technirama Technicolor 1959 Sleeping 
Beauty 

35 mm 2,26 1.496" x 
0.992" 

8 perf, 2 
sides, 
horizontally 

1.5x 
anamorp
hic 

70 mm 24fps 2,21 1.912" x 
0.816" 

spherical 

Smith-Carney 
System 

Rowe E. 
Carney Jr. 
and Tom F. 
Smith 

1959 Missouri 
travelogue 

35 mm 4,69 0.839" x 
0.370" 
(bottom half) 
and 0.449" x 
0.370" (top 
quarters) 

4 perf, 2 
sides 

spherical 
x 3 

35 mm 24fps 4,69 three sub-
frames 
projected to 
one 180° 
image 

spherical x 
3 

Circular 
Kinopanorama/Circl
orama 

E. Goldovsky 1959 The Path of 
Spring 

35 mm x 
11 
cameras 

1.37 x 11 
negatives 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm x 11 
projectors 

24fps 360° 0.825" x 
0.602" 

spherical 
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Projected 
film 
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Projection 
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Varioscope Jan Jacobsen 1959   65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides 

spherical 70 mm 24fps variable 
framing run 
through 
control 
signal 

1.912" x 
0.87" 

spherical 

Techniscope Technicolor 1960 The 
Pharaoh's 
Woman 

35 mm 2,33 0.868" x 
0.373" 

2 perf, 2 
sides 

spherical 35 mm 24fps 2,39 0.838" x 0.7" 2x 
anamorphic 

Wonderama (Arc 
120) 

Leon W. 
Wells 

1960 Honeymoon no 
standard 

no 
standard 

no standard no standard no 
standard 

35 mm 24fps 2.50 with a 
120° 
curved 
screen 

0.931" x 
0.698", with 
two half-
images 
turned 90° 
and placed 
side-by-side 

spherical x 
2 

Cine System 3 Eric Berndt 1960 USAF and 
NASA usage 

3 mm     1 perf, 
centered 

spherical   24fps       

Grandeur 70 20th Century 
Fox 

1961 The King and 
I (re-release) 

55 mm 2,55 1.824" x 
1.430" 

8 perfs, 2 
sides 

2x 
anamorp
hic 

70 mm 24fps 2,21 1.912" x 
0.87" 

spherical 

Cinerama 360 Cinerama 
Corporation 

1962 Journey to 
the Stars 

65 mm 1.00 
(circle) 

2.25" 
diameter 
circular 
image 

10 perf, 2 
sides 

spherical 70 mm 24fps 1.00 (circle) 2.25" 
diameter 
circular 
image 

spherical 

Super 8 Eastman 
Kodak 

1965 unknown 
(amateur 
format) 

8 mm 1,48 0.245" x 
0.166" 

1 perf, 1 
side 

spherical 8 mm 18fps 1,36 0.215" x 
0.158" 

spherical 

Single-8 Fujifilm 1965 unknown 
(amateur 
format) 

8 mm 1,36 0.224" x 
0.164" 

1 perf, 1 
side 

spherical 8 mm 18fps 1,35 0.213" x 
0.157" 

spherical 

Real Sound Kenner 1965   no 
standard 

no 
standard 

no standard 1 perf, 1 
side 

spherical 11.5 mm 24fps 1,33 0.172" x 
0.129" 

spherical 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Double Super 8 Eastman 
Kodak 

1965 unknown 
(amateur 
format) 

16 mm 1,48 0.245" x 
0.166" 

1 perf, 1 
side (using 
16 mm film 
with twice 
as many 
perfs) 

spherical 8 mm 24fps 1,36 0.215" x 
0.158" 

spherical 

Dimension 150 American 
Optical 
Company 

1966 The Bible: In 
the Beginning

65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides 

spherical 70 mm 24fps 2.21, with 
150° 
curved 
screen 

1.912" x 
0.87", 
optically 
curved to 
compensate 
for the screen 

spherical 

Circle Vision 360 Disney 1967 America the 
Beautiful 

35 mm x 
9 
cameras 

1.37 x 9 
negatives 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm x 9 
projectors 

24fps 360° 0.825" x 
0.602" 

spherical 

Astrovision Goto Optical 1969   65 mm     10 perf, 2 
sides 

spherical 
or fish-
eye 

70 mm 24fps     fish-eye 
(dome 
projection) 

IMAX IMAX 
Corporation 

1970 Tiger Child 70 mm 1,34 2.772" x 
2.072" 

15 perf, 2 
sides, 
horizontally 

spherical 70 mm, 
horizontal 

24fps 1,31 2.692" x 
2.056" 

spherical 

Super 16 mm film Rune Ericson 1970 Blushing 
Charlie 

16 mm 1.66, bur 
subesequ
ently 1.85 
more 
common. 

0.493" x 
0.292" 

1 perf, 1 
side 

spherical no 
standard, 
but often 
blown up to 
35 mm 

24fps and 
25fps 

no standard 35mm only, 
0.463" x 
0.279" (full 
frame); 
0.463" x 
0.251" 
(framed for 
1.85) 

spherical 

8.75 mm Chinese 1970 unknown 
(amateur 
format) 

8.75 mm     1 perf? spherical 8.75 mm 16fps ?     spherical 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Pik-a-Movie Leon W. 
Wells 

1972   no 
standard 

no 
standard 

no standard no standard no 
standard 

70 mm, 
horizontal, 
1 perf, 2 
sides 

24fps 1,48 0.245" x 
0.166", 12 
rows high, 
underneath 
12 rows of 
optical sound 

spherical 

OMNIMAX IMAX 
Corporation 

1973 Garden Isle 70 mm 1,34 2.772" x 
2.072" 

15 perf, 2 
sides, 
horizontally 

special 
fish-eye 
lenses 
optically 
centered 
0.37" 
above 
film 
horizontal 
center 
line 

70 mm, 
horizontal 

24fps 1,31 2.692" x 
2.056" 

spherical, 
projected 
elliptically 
on a dome 
screen, 20 
degrees 
below and 
110 
degrees 
above 
perfectly 
centered 
viewers 

8/70 (Dynavision, 
Iwerks 870) 

Dynavision 1973   65 mm 1,37 2.031" x 
1.484" 

8 perf, 2 
sides, 24 or 
30 fps 

spherical 70 mm 24fps 1,34 1.913" x 
1.431" 

spherical 

Showscan Douglas 
Trumbull 

1978 Night of 
Dreams 

65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides, at 60 
fps 

spherical 70 mm, at 
60 fps 

60fps 2,21 1.912" x 
0.87" 

spherical 

Polavision Polaroid 
Corporation 

1978 unknown 
(amateur 
format) 

8 mm 1,48 0.245" x 
0.166" 

1 perf, 1 
side 

spherical 8 mm 24fps 1,36 0.215" x 
0.158" 

spherical 

Omnivision Cinema 
180 

Omni Films 1979 Crazy 
Wheels 

65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides, 30 
fps 

fisheye 70 mm 24fps 180°, on a 
dome 

1.912" x 
0.87" 

fisheye 

"35mm  TV" 25fps   1980   35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 25fps no standard no standard no standard 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Super 35 Joe Dunton 1982 Dance Craze 35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 24fps no standard 
1.85 to 2.35

no standard no standard 

Circle Vision 200 Disney 1982 Impressions 
de France 

35 mm x 
5 
cameras 

1.37 x 5 
negatives 

0.866" x 
0.630" 

4 perf, 2 
sides 

spherical 35 mm x 5 
projectors 

24fps 6.85, on a 
200° 
screen 

0.825" x 
0.602" 

spherical 

Swissorama 
360/Imagine 360 

Ernst A. 
Heiniger 

1984 Impressions 
of 
Switzerland 

65 mm 360° 1.91" (outer 
edge), 1.20" 
(inner edge) 

10 perf, 2 
sides 

360° x 
35° 
extreme 
fisheye 

70 mm 24fps 360°   360° x 35° 
extreme 
fisheye 

3-perf Rune Ericson 1987 Pirates of the 
Lake 

35 mm 1,79 0.980" x 
0.546" 

3 perf, 2 
sides 

spherical 35 mm 24fps no standard no standard no standard 

Super VistaVision Paramount 1989 The Ten 
Commandme
nts (re-
release) 

35 mm 1,51 1.495" x 
0.991" 

8 perf, 2 
sides, 
horizontal 

spherical 70 mm 24fps 2,21 1.912" x 
0.87" 

spherical 

Kinoton HDFS Kinoton 1990   no 
standard 

no 
standard 

no standard no standard no 
standard 

35 mm 24fps 2 0.931" x 
0.698" 

1.5x 
anamorphic 

IMAX Magic Carpet IMAX 
Corporation 

1990 Flowers in 
the Sky 

70 mm x 
2 
cameras 

1,34 2.772" x 
2.072" 

15 perf, 2 
sides, 
horizontally 

spherical 70 mm, 
horizontal x 
2 projectors

24fps 1.31 x 2 
screens 
(one in 
front, one 
below) 

2.692" x 
2.056" 

spherical 

Iwerksphere Iwerks 1991   65 mm 1,37 2.031" x 
1.484" 

8 perf, 2 
sides, 24 or 
30 fps 

fisheye 70 mm 24fps 1,34 1.913" x 
1.431" 

fisheye 

IMAX HD IMAX 
Corporation 

1992 Asteroid 
Adventure 

70 mm 1,34 2.772" x 
2.072" 

15 perf, 2 
sides, 
horizontally
, 48 fps 

spherical 70 mm, 
horizontal 

24fps 1,31 2.692" x 
2.056" 

spherical 

Ultra Toruscope Mac 
McCarney 

1992   35 mm x 
3 
cameras 

1.37 x 3 
negatives 

0.866" x 
0.630" 

4 perf, 2 
sides, at 30 
fps 

spherical 70 mm x 3 
projectors, 
at 30 fps 

30fps 360° 1.912" x 
0.87" 

spherical 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Analogue and 
Digital Video 
cameras 

  1992 _ 35mm various 
within an 
Academy 
area 

_ _ _ 36 mm 24 and 
25fps 

no 
standard, 
1.66,1.85 & 
2.35 

no standard no standard 

Imagination FX 7012 Geo-Odyssey 1992   35 mm 2,08 2.040" x 
0.980" 

12 perf, 2 
sides, 
horizontal 

spherical 70 mm 24fps 2,21 1.912" x 
0.87" 

spherical 

Super 35 25fps   1995   35 mm 1,33 0.980" x 
0.735" 

4 perf, 2 
sides 

spherical 35 mm 25fps no 
standard, 
1.77 to 2.35

no standard no standard 

Univisium  Vittorio 
Storaro 

1998 Tango 35 mm 2 0.945" x 
0.472" 

3 perf, 2 
sides at 25 
fps 

spherical 35 mm 25fps 2   spherical 

Digital Intermediate   1998 via video -
unknown,       
via data-
Zingo 

Super 16, 
Academy
, Super 
35 or 3-
perf, or a 
mixture. 

various various 4 perf, 2 
sides 

spherical 
or x2 
anamorp
hic 

35 mm 24fps or 
25fps 

no 
standard. 
1.66, 
1.77.1.85. 
2.35 etc 

no standard no standard 

Maxivision Dean 
Goodhill 

1999   35 mm 1,79 0.980" x 
0.546" 

3 perf, 2 
sides 

spherical 35 mm, 3 
perf 

24fps 1,85   spherical 

Maxivision 48 Dean 
Goodhill 

1999   35 mm 1,79 0.980" x 
0.546" 

3 perf, 2 
sides, 48 
fps 

spherical 35 mm, 3 
perf, 48 fps 

48fps 1,85   spherical 

Super Duper 8/Max 
8/Super 8B 

Mitch Perkins 2002 Sleep Always 8 mm 1,51 0.250" x 
0.166" 

1 perf, 1 
side 

spherical 8 mm 24fps no standard no standard spherical 

Super Dimension 70 Robert 
Weisgerber 

2002   65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides, at 48 
fps 

spherical 70 mm, at 
48 fps 

48fps 2,21 1.912" x 
0.87" 

spherical 

Futurevision 360       65 mm 1,52 2.066" x 
0.906" 

5 perfs, 2 
sides, 30 
fps 

1.5x 
vertical 
anamorp
hic 

70 mm 30fps 1,47 1.912" x 
0.87" 

1.5x 
vertical 
anamorphic 
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Table 1 
LIST OF CINEMA and CINEMATOGRAPHY FILM FORMATS IN FILM ARCHIVES  (representative and incomplete, omits rare "pre-cinema", experimental, 3D and some Soviet era widescreen 

formats, in first use date order. ) 
Format Creator Year 

created 
(approx)

First known 
work 

Negative 
gauge 

Negative 
aspect 
ratio 
(1:n) 

Gate 
dimensions 

Negative 
pulldown 

Negative 
lenses 

Projection 
gauge 

Projection 
frame rate 

Projection 
aspect 

ratio (1:n) 

Projected 
film 

dimensions 

Projection 
lenses 

Mini-Max Vistascope     35 mm 2,66   2 perf, 2 
sides, 30 
fps 

spherical 35 mm 30fps 2,66   spherical 

MotionMaster Omni Films     65 mm 2,28 2.066" x 
0.906" 

5 perfs, 2 
sides, 30 
fps 

spherical 70 mm 30fps 2.21, on a 
curved 
screen 

1.912" x 
0.87" 

spherical 

Quadravision        ? mm x 4 
cameras 

 ? x 4 
negatives 

    spherical  ? mm x 4 
projectors 

24fps  ? (4 
images in 
2x2 
configuratio
n) 

  spherical 

Row-film R. Thun     35 mm   20 rows of 
images wide 

  spherical   24fps     spherical 

Septorama        ? mm x 7 
cameras 

1.33 x 7 
negatives 

    spherical  ? mm x 7 
projectors 

24fps ? hemispheri
cal view 

  spherical 

Single Cinerama Fred Waller     35 mm   curved gate 16 perf, 2 
sides, 
horizontal 

spherical 35 mm, 
horizontal 

24fps curved 
screen 

  spherical 

Soviet 10       65 mm     10 perf, 2 
sides 

2x 
anamorp
hic 

70 mm 24fps 2,09 1.890" x 
1.811" 

2x 
anamorphic 
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Table 2 
Colour System Name or Colour Film 
Stock Name 1st Date 

Last 
Date 

Country 
(orig) 

Film/Process or 
part process Principle 

No of 
Camera 

films  Notes and/or Print Material Gauges 
Sound 
track 

Early processes to about 1950                   
Metallic toning(ferrocyanides, sulphides 
etc) 1896?     B/W N/P Ag replacement 1 

normalB/W print stock/silver, iron, 
uranium, copper vanadium salts etc 35 none 

Handcolouring 1896?     B/W N/P Dyed Gelatin 1 normalB/W print stock/acid dye tinted 35 none 

Dye Toning?mordant dye toning 1900?     B/W N/P Ag replacement 1 
normalB/W print stock/silver 
ferrocyanide mordant + basic dye 35 none 

Tinting 1900?     B/W N/P Dyed Gelatin 1 
normalB/W print stock/acid dye tinted 
(hundreds of recipes) 35 none 

Isenee? 1897   Germany Pan B/W N/P add 3 col 3? contact on B/W? NoData none 
Friese-Greene? 1898   UK Pan B/W N/P add 2 & 3 col 2 & 3 contact on B/W? No Data none 
Jumeaux/Davidson 1904 1906 France Pan B/W N/P add 3 col 3? contact on B/W? NoData none 
Pathecolor / Pathechrome  1905 1928 France any B/W film stencil 1 contact on B/W 35 none 

Three strip negative [generic term] 1905?     B/W N/P 
BW 

Separations 3 additve analysis camera system only 35 none 
Kinemacolor 1906 1912? UK Pan B/W N/P add 2 col 1 contact on B/W 35? none 
Procede Colombier 1908   France ? ? 1? ?   none 
Bassani 1910? ? France Pan B/W N/P add 3 col 1 contact on B/W 35 none 

Tinted Positive Film 1910? 1929 WW B/W N/P Col bases 1 
normalB/W print stock/dyed in the 
mass nitrate base 35 none 

Varnished/"lacquered" emulsion  1910? 1925? France? B/W N/P 
painted 
emusion 1 

normalB/W print stock/brushed on 
varnish with acid duyes 35 none 

Traube Process 1910?           incomplete data     
Urban-Joy Process 1910?   USA? Pan B/W N/P add 3 col 1 contact on B/W NoData   
Colograph/Cinecolorgraph 1912   USA B/W N/P sub 2 col 2 onto double coated film 35   
Gaumont Chronochrome/Gaumont 1919   France Pan B/W N/P add 3 col 1 contact on B/W? 35 none 
Panchromotion 1913   USA B/W N/P Add 4 col" 1 contact print B/W 35   

Brewster 1915 1929 USA B/W N/P sub 2 col 2 
onto double coated stock, R on one 
side, G on other, 35   

Fox Natural Color = Kinemacolor in USA 1915   USA Pan B/W N/P add 2 col 1 contact on B/W 35?   

Fox Nature Color =Kodachrome 1916 1916 1934? USA 
B/W 

N/P+Diapositive Sub 2 col 1 
Processed to neg/unhardened gel 
dyed  R/O one side, C  on other 

no data 
on neg   

Handschiegl/De Mille-Wyckoff/Wyckoff 
Process 1916   USA B/W N/P Dye transfer 1 normalB/W print stock 35   
Douglass Color 1918   USA B/W N/P Add 2 col 2 alternate printing onto one strip 35   
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Table 2 
Colour System Name or Colour Film 
Stock Name 1st Date 

Last 
Date 

Country 
(orig) 

Film/Process or 
part process Principle 

No of 
Camera 

films  Notes and/or Print Material Gauges 
Sound 
track 

Kesdacolor 1918   USA B/W N/P Add 2col 1 
onto double coated film/lines on 
onside - picture on other 35   

Nature Color 1918? 1950? USA B/W N/P Bipack Sub 2 col 2 
Onto any double coated film/or other 
display method 35   

Polychromide 1918? 1925? UK B/W N/P Sub 2 col 2 optical printer  onto double sides film 35 silver 

Douglass Color 1919   USA B/W N/P Add 2 col 2 
onto normal B/Wprint stock/one sep 
neg thrubase/other thru top 35   

Prizma 1919   USA B/W N/P Sub 2 col 1 
alternate frames on each side 
by"skipping" contact printer 35   

Kinekrom 1920?     Pan B/W N/P add 3 col 1 contact on B/W NoData   

Prizma 1920?   USA B/W N/P Sub 2 col 2 
alternate frames on each side 
by"skipping" contact printer 35 

Iron-tone 
blue 

Kelleycolor 1923? 1930? USA B/W N/P Sub 2 col 2 
alternate frames on each side 
by"skipping" contact printer 35 

Iron-tone 
blue 

Warner-Powrie 1924   USA Colour N/P Add 3 col 1 
onto  35mm[Opt] similar screen 
material to produce pos C47/P35   

Biolour / Friese-Greene 1925   UK Pan B/W N/P add 2 col 1 contact on B/W 35   

Magnachrome 1925?   USA B/W N/P add 2 col 1 
bipack frames printed on one strip 
alternately 35   

Polychromide 1925? 1933 UK B/W N/P Sub 2 col 2 optical printer  onto double sides film 35   

Color Film 1927   USA B/W N/P Bipack Sub 2 col 2 
Onto Eastman 5509 optical red to 2 
track 16mm 35 

Iron-tone 
blue 

Harriscolor[early] 1928   USA B/W N/P   Sub 2 col 2 Onto normalB/W Print film 35 
Iron-tone 
blue 

Kodacolor/Keller-Dorian Color 1928   USA Pan B/W Reversal add 3 col 1 none     

Multicolor 1928 1932 USA B/W N/P Bipack Sub 2 col 2 Onto Eastman 5509by contact tripack 35 
Iron-tone 
blue 

Raycol[early] 1928   UK Pan B/W N/P add 2 col 1 contact on B/W 35   

Splendicolor 1928   USA? B/W N/P Sub 3 col ? 
possibly onto film recoated after initial 
exposure 35   

Colorcraft 1929   USA 2 separate films? Sub 2 col 2? no data 35   
Raycol 1929   UK Pan B/W N/P add 2 col 1 contact on B/W 35   
Sirius 1929   Holland B/W N/P Sub 2 col 2 step opt onto double sided film 35   
Sonochrome 1929   USA B/W N/P Col bases 1 Choice of 17 coloured bases 35 silver 

Brewster 1930 1935? USA B/W N/P Sub 3 col 3 
onto double coated stock, R on one 
side, G on other, 35   

Busch Process 1930?   Germany Pan B/W N/P add 2 col 1 contact on B/W 35   
Chemicolor 1930?   UK B/W N/P Bipack Sub 2 col 2 Onto Agfa double coated film 35   
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Colour System Name or Colour Film 
Stock Name 1st Date 

Last 
Date 

Country 
(orig) 

Film/Process or 
part process Principle 

No of 
Camera 

films  Notes and/or Print Material Gauges 
Sound 
track 

Coloratura 1930? 1931? USA B/W N/P Bipack Sub 2 col 2 
Onto Eastman 5509 optical red to 2 
track 16mm 35   

Harriscolor 1930   USA B/W N/P   Sub 2 col 2 Onto normalB/W Print film 35   
Kislyn Color 1930? 1931 USA Pan B/W Reversal add 3 col 1 none     
Photocolor 1930   USA B/W N/P Sub 2 col 2 optical printer  onto double sides film 35   
Sennett Color 1930 ? USA B/W N/P Bipack Sub 2 col 2 Onto Eastman 5509by contact tripack 35   
Ufacolor 1930?   Germany B/W N/P Bipack Sub 2 col 2 Onto Agfa double coated film 35   

Vitacolor 1930 1949? USA B/W N/P sub 2 col 2 
onto single coat film/Rneg one 
side/Gpos on emul side 35   

Chimicolor 1931? 1947 France Col N/P Sub 3 col 3 or1 
onto double coated stock, R on one 
side, G on other, 35 cyan dye 

Gilmore Color 1931?   USA Pan B/W N/P add 2 col 1 contact on B/W 35   
Magnacolor 1931 1950? USA B/W N/P Bipack Sub 2 col 2 Onto Eastman 5509by contact tripack 35   
Rotocolor 1931   USA B/W N/P add 3 col? no data no data 35   

Dufaycolor (& Dufaycolor Print Film) 1932? 1950? UK Colour N/P add 3 col 1 
onto Dufaycolor Print Film with sim 
reseau 35   

Hillman Camera 1933 1934 UK Pan B/W N/P add 2 col 1 contact on B/W 35   
Morgana Process 1933   USA Pan B/W N/P add 2 col 1 contact on B/W 16   
Opticolor 1933   USA B/W N/P add 3  col 1 contact print - normal b/w film 35   
Spectracolor 1933?   UK? B/W N/P Bipack Sub 2 col 2 Onto Agfa double coated film 35   

Thompson Color 1933?   France B/W N/P Sub 3 col 1 
Double coat film/B sep one side/R 
sep other/G sep on new layer. 35   

Agfacolor 1933   Germany Pan B/W Reversal add 3 col 1 incomplete data     
Animation Negative/Sequential Frame 
Animation  1934? 1975? WW B/W N/P sub 3 col 1 

Any available  at the time eg Dye 
toning/Technicolor/Gaspar etc 35   

Cinemacolor 1934   USA B/W N/P add 2 color 1 contact print - normal b/w film 35   

Gasparcolor [or Gaspar Color] 1934 ? Belgium/UK
Col silver dye 

bleach Sub 3 col   
Print film two layers one 
side[topM,then Y],one the other[C] 35 & ? silver 

Rouxcolor 1934 1948 France Pan B/W N/P add 2 col 1 Opt on B/W? 35   
Rouxcolor 1934 1948 France Pan B/W N/P add 3 col 1 Opt on B/W? 35   
Sequential Sequence Negative 
=Sequential Frame  1934? 1975? WW B/W N/P sub 3 col 1 

Any available  at the time eg Dye 
toning/Technicolor/Gaspar etc 35   

Cineoptichrome 1935?           no data     
Cosmocolor 1935   USA B/W N/P add 2 color 1 contact print - normal b/w film 35   
Dascolour 1935   Belgium B/W N/P Bipack Sub 2 col 2 Onto normalB/W Print film 35   
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Film/Process or 
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track 

Francita-
Realita/Francita/Opticolour/Realita 1935 1939 France Pan B/W N/P add 3 col 1 contact on B/W 35   
Harmonicolor 1935?   France B/W N/P Bipack Sub 2 col 2 Onto Agfa double coated film 35   
Herault Trichrome  1935? ? France Pan B/W N/P add 3 col 1? contact on B/W 35   

Dunning Color 1936 1937 USA B/W N/P Sub 2 col 2 
onto Eastman 2-layer film,exposed 
fromeither side 35   

Telco color 1936   USA B/W N/P add 3 col 1 probably contact print 35   
Telco color 1936   USA B/W N/P add 2 col 1 probably contact print 35   
Dunning Color 1937 ? USA B/W N/P Sub 3 col 3 double coated film - no other data 35   
Telco color 1938 1941 USA B/W N/P sub 2 col 1 on double coated film / 35   

Dufaycolor 1938? 1950? UK colour Reversal add 3 col 1 
confused ternminology - also used for 
N/P Dufay 16 & 35?   

Cosmocolor 1939   USA B/W N/P sub 2 col 1 
opt  print on 2standard format 35mm 
strips as sep negs or pos 35   

Agfacolor 1939   Germany Col N/P Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 35 

dye/silver 
later 

Thomascolor 1940? 1945 USA Pan B/W N/P add 3 col 1 contact on B/W 35   

Gaspar Color 1941 1944? Belgium/UK
Col silver dye 

bleach Sub 2 col   Print film  [topC/B],bottom [R/O] 35 & 16 silver 

Fullcolor 1942 1948 USA B/W N/P Bipack Sub 2 col 2 Onto Eastman 5509by contact tripack 35 or 16 
Iron-tone 
blue 

Cosmocolor 1943   USA B/W N/P sub 3 color 1 no data 35   

Fullcolor 1943 1948 USA B/W N/P Bipack Sub 3 col 3 
onto Eastman 5509 - 3 sep 
exposures! 35   

British Tricolour 1945? 1948 UK Col N/P Sub 3 col 3 or1 see Dufaychrome 35   
Bertrand 1946?   France Colour Reversal Sub 3 col   this material is a print stock only 35 no data 
Americolor 1947   USA B/W N/P sub 2 col 2 Onto Eastman 5509by contact tripack 35   

Cinefotocolor 1947 1954 Spain B/W N/P sub 2 col 2 
onto single coat film/Rneg one 
side/Gpos on emul side 35 no data 

Polacolor 1947 1949 USA Rehalogenation sub 3 col   
B/W print stock, often? Eastman Fine 
Grain Release Film 5302 35 no data 

Mondiacolor 1948   France no data add "4" col 1 no data     
Pinchart 1948   France Pan B/W N/P add 3 col 1 contact on B/W 35   

Dufaychrome 1948 ? UK Col N/P Sub 3 col 3 or1 
B sep printed onto pos film,recoated 
& G printed, recoated and R printed 35 silver 

Chromart Simplex 1949   UK B/W N/P Sub 2 col 1 

onto 3 layer /topRedsens-
Ycoupler/midRedsensMcoupler/botGs
ensCcoupler 35   
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Dugromacolor 1949   France B/W N/P Sub 3 col 1 
no data - presumably to any 3 color 
printing system 35   

Alfacolour 1950?   UK B/W N/P Sub 2 col 2 
onto two sides of Gevaert double 
coated film 35 Ag + dye? 

Chromart Tricolor 1950   UK B/W N/P Sub 3 col 1 

Tripack/topR sens-
Mcoupler/midOrtho sens-C 
coupler/coll Ag/bot Bsens-Y coupler 35   

Tellko /Telcolor/Telchrome/ 1950/60's   Switz Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

Prob 8 & 
16mm? none? 

Valca /no name data/doubtful if ever cine 1950/60's   Spain Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

Prob 8 & 
16mm? none? 

Colorvision 1952 1966 USA B/W N/P add 3 col 1 

onto B/W for add proj/OR onto 
EastmanColor Int 5253to produce col 
neg 35   

Oriental  1953   Japan Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

Prob 8 & 
16mm? none? 

GAF (doubtful if ever cine) 1950/60's   USA Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

Prob 8 & 
16mm? none? 

Panacolor 1962 ? USA 
color 

print/rehalogenation sub 3 col   
B/W print stock, poss? Eastman Fine 
Grain Release Film 5302 35 Ag  

                    
2 & 3-strip camera systems using 
toning chemistry                   
Agfa bipack films (2) 1929?   Germany BW Neg Sub 2 col 2 camera films only     

Agfa double coated print  film 1929?   Germany Colour Print Sub 2 col 1 
printing system only, camera used 
bipack film     

                    
Eastman Bi-Pack Negative 1929? 1949? USA BW Neg Sub 2 col 2 2 negative stocks for camera use     

Eastman Duplitized Positive 1929? 1949? USA Colour Print Sub 2 col 1 

print stock for many 2colour film print 
systems including Trucolor and 
Cinecolor     

                    

DuPont Duplicoat Film 1930's   USA Colour Print Sub 2 col 1 

print stock for many 2colour film print 
systems including Trucolor and 
Cinecolor     

                    

Trucolor 1951 1952? USA BW Negs /Col Pos Sub 2 col 2 
successive printing onto 2 layer 
film/Du Pont type 275 35 silver 

Trucolor 1952? 1958 USA BW Negs /Col Pos Sub 3 col 3 
successive printing onto 3 layer 
film/Du Pont type 275 35 silver 
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Cinecolor[early] 1930 1834 UK BW Negs /Col Print add 2 col 2 contact on B/W 35   

Cinecolor 1932 1950 USA BW Negs /Col Print Sub 2 col 2 
Onto Eastman 5509 by contact 
tripack 35 

Iron-tone 
blue 

Cinecolor[late] 1934 1949? UK BW Negs /Col Print add 2 col 2 contact on B/W 35   

Cinecolor [16mm] 1939 1950 USA BW Negs /Col Print Sub 2 col 2 
Onto Eastman 5509 optical red to 2 
track 16mm 

35Cam-
16 Print 

Iron-tone 
blue 

Cinecolor Print 1939 1950 USA BW Negs /Col Print Sub 2 col 2 
Onto Eastman 5509 optical red to 2 
track 16mm 16 silver 

Cinecolour [see Cinecolor -UK name 1946? 1950? UK BW Negs /Col Print add 2 col 2       

Supercinecolor 1951 1951 USA BW Negs /Col Print Sub 3 col 1 

via sep pos[Eastman 5203 ]to sep 
negs[Eastman 5365] to Eastman Dupl 
5509, C toned,M &  Y mordant toned, 
Y from sep B exp 35   

                    
Technicolor & similar 2/3 colour matrix 
image systems                   
Technicolor 1916 1919 USA BW Negs /Col Print add 2 col 2 onto separate B/W films     

Technicolor 1922 1928 USA BW Negs /Col Print Sub 2 col 2 
2 dyed washoff films cemented 
together 35   

Technicolor 1928 1932 USA BW Negs /Col Print Sub 2 col 2 
onto  wash-off  relief film to make 
2printing matrices 35 silver 

Technicolor, many variants 1932 1950 USA BW Negs /Col Print Sub 3 col 3 
onto wash-off relief film to make 3 
printing matrices 35 silver 

Technicolor Monopack 1940? no data USA 
Kodachrome 

camera Sub 3 col 1 onto Technicolor imbition matrix film     
Technichrome 1946? 1949 USA B/W N/P Bipack Sub 2 col 2 onto Technicolor imbition matrix film 35 silver 

Technicolor 1937 1970? USA 
Colour Neg /Col 

Print sub 3 col 1 
onto wash-off relief film to make 3 
printing matrices 35   

Trucolor 1946 1951 USA BW Negs /Col Print Sub 2 col 2 
onto Eastman 2-layer film,exposed 
fromeither side 35 

AgS  + C 
dye 

Kodak stripping and relief image matrix & 
pan-matrix films 1948 ?   BW Negs /Col Print sub 3 col 1       
DuPont Stripping Negative/DuPont S T 
Tripac 1949   USA BW Negs /Col Print sub 3 col 1 

sep negs printed onto dye transfer 
matrices 35   

Konicolor (using reversal original 
shooting) 1953 1956 Japan BW Negs /Col Print Sub 3 col 1 

onto wash-off relief film to make 3 
printing matrices(assumed) 35   

Konicolor (using three strip shooting) 1944 1959 Japan BW Negs /Col Print Sub 3 col 3 
onto wash-off relief film to make 3 
printing matrices(assumed) 35   

Sakura Cine Film 3 Color Separation films 
for matrix printing 1960 ? Japan BW Negs /Col Print Sub 3 col 3   35   
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NON-SUBSTANTIVE REVERSAL 
tripack processes 1935-2000                   
Kodachrome or Kodachrome Duplicating 
Film, 5262 (16mm) 1938 1940 USA Col Reversal Sub 3 col 1 

colour development of C M Y dyes 
from colour couplers 35 D 

Kodachrome Duplicating Film 5265 1940 1955 USA Col Reversal Sub 3 col 1 
duplicating material specific to 
Kodachrome 35   

Kodachrome, Daylight Type (no) (16mm) 1940 1950 USA Col Reversal Sub 3 col 1 
colour development of C M Y dyes 
from colour couplers 35 

6100K & 
3400K 
balances  

Kodachrome, Type A or Kodachrome 
Duplicating Film, 5265 (16mm) 1940 1950 USA Col Reversal Sub 3 col 1 

colour development of C M Y dyes 
from colour couplers 16 

6100K & 
3400K 
balances  

Sakura Color Film (non-substantive) 1941 1961 Japan Col Reversal Sub 3 col 1 
colour development of C M Y dyes 
from colour couplers 35,16 & 8 no data 

Kodachrome Commercial Safety Color 
Film 5268 1946 1958 USA Col Reversal sub 3 Col 1  residual Ag mask 16   
Kodachrome Duplicating Films - others 
from 1950 - no data 1950   USA Col Reversal Sub 3 col 1 

colour development of C M Y dyes 
from colour couplers 16   

Kodachrome, camera stocks, A & D ? - 
little data 1950 1961 USA Col Reversal Sub 3 col 1 

colour development of C M Y dyes 
from colour couplers 

16, & 35 
SO 

6100K & 
3400K 
balances  

Dynachrome 1955 1970 USA Col Reversal Sub 3 col 1 
colour development of C M Y dyes 
from colour couplers 8,16 ?   

Kodachrome II & later - camera films - no 
data 1961   USA Col Reversal Sub 3 col 1 

colour development of C M Y dyes 
from colour couplers, original 
projected 

16, & 35 
SO 

6100K & 
3400K 
balances  

CineChrome =Kodachrome relabel 1990's? 1990's? USA Col Reversal Sub 3 col 1 
colour development of C M Y dyes 
from colour couplers S8   

                    
1940's onwards competing Integral 
subtractive NEGATIVE tripack systems                   
Gevacolor Negative Type 6.51/T-48, 6,52 
& 6.53 1947-8 1954 Belgium Col Neg sub 3 col 1 unmasked camera stock only  35   

Gevacolor Print Type 9.51 1947 1954 Belgium Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top B/Coll  Ag/G/R[Y M C] 35   

Gevacolor Negative Type 6.54, 6.55 & 
6.80 1959? ? Belgium Col Neg sub 3 col 1 masked camera stock only 35   

Gevacolor Print Type 9.52,  1954 1958 Belgium Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top B/Coll  Ag/G/R[Y M C] 35   

Gevacolor Print Type 9.53 1958 1967 Belgium Col Print sub 3 col 1 
Incorporated coloured coupler integral 
tripack/top=G/,R,B[m,c,y] 35   
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DuPont Color Film Type 275 1949   USA Col Print sub 3 col 3 

integral tripack/top 
Bsens,Mcoupler/Rsens,Ccoupler/Gse
ns,Ycoupler 35   

                    

Agfacolor various negative films  1958? 1968 Germany Col Neg Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 35 dye+silver 

Agfacolor Print film, various  1950? 1968 Germany Col Print Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 36 dye+silver 

                    

Eastman Color "system" 1950 
pres 
day USA Col Neg/Col Print sub 3 col 1 

Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35 & 16 Ag + dye ? 

Eastman Color Negative Films 1950 pres USA Col Neg/Col Print sub 3 col 1 camera stock only 35 & 16 Ag + dye ? 

Eastman Color Print Films 1950 pres USA Col Neg/Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35 & 16 Ag + dye ? 

Eastman  Color Internegative Film 1951   USA Col Neg/Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35 & 16 Ag + dye ? 

Eastman Color Internegative Films/5243 
&5245 1951 pres USA Col Neg/Col Print Sub 3 col 1 

onto itself [for a dup neg] /onto 
Eastman Color Print Film[for a print 35 none 

Eastman Color Intermediate Film 
5253,7252 1956 1988 USA Col Neg/Col Print Sub 3 col 1 

onto itself [for a dup neg] /onto 
Eastman Color Print Film[for a print 35 none 

Eastman Color Internegative Films, 
5270,7270,5271,7271 1956 pres USA Col Neg/Col Print Sub 3 col 1 onto Eastman Color Print Film  16 & 35 none 
Eastman Color Reversal Intermediate 
Film, 5249,7249 1968 pres USA Col Reversal Sub 3 col 1 onto Eastman Color Print Film  16 & 35 none 
                    
Ferrania-color Negative Film 1952 ?1960+ Italy Col Neg sub 3 col 1 camera stock only 35   

Ferrania-color Print Film 1952 ?1960+ Italy Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top B/Coll  Ag/G/R[Y M C] 35   

                    

Ansco Color Negative/Positive Process 1953   USA Col Neg sub 3 col 1 
Incorporated coupler integral 
tripack/top B/Coll Ag/G/R[Y M C] 35 Ag + dye ? 

Ansco Color Duplicating Negative Film, 
Type 846 1953   USA Col Neg sub 3 col 1 onto Ansco Color Positive 35   
                    

Fujicolor Positive Films,   8811 to 8818 1955 1968? Japan Col Print sub 3 col 1 
Incorporated coloured coupler integral 
tripack/top=G/,R,B[m,c,y] 35 & 16 Ag + dye ? 

Fujicolor Negative Film 8511 to 8514 1955 1968? Japan Col Neg sub 3 col 1 camera stock only 35   
                    

Sakura Cine Film Positive 0650(8mm) 1960 ? Japan Col Print Sub 3 col 1 
Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 8   
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Sakura Cine Film Positive films 
4125(35mm), 4325(16mm) 1959 1970 Japan Col Print Sub 3 col 1 

Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35 & 16   

Sakura Cine Film Positive 5626(35mm), 
6626(16mm), 8626(8mm) 1970 1971 Japan Col Print Sub 3 col 1 

Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35,16 & 8   

Sakura Cine Film Positive 5625 1975 ? Japan Col Print Sub 3 col 1 
Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35   

                    
ORWO Color camera negative films - 
various 1958 2002 E Germany Col Neg Sub 3 col 1 

Integral subtractive 3 colour using 
non ECN chemistry 35   

ORWO Color intermediate films 1958 2002 E Germany Col Neg Sub 3 col 1 
Integral subtractive 3 colour using 
non ECN chemistry 35   

ORWO Color print films - various 1958 2002 E Germany Col Print Sub 3 col 1 
Integral subtractive 3 colour using 
non ECP chemistry 35   

                    

Sovcolor camera negative films - various 1945 1990? USSR Col Neg Sub 3 col 1 
almost identical or always identical to 
ORWO, name fades by 1990  35   

Sovcolor intermediate films 1945 1990? USSR Col Neg Sub 3 col 1 
almost identical or always identical to 
ORWO, name fades by 1990  35   

Sovcolor print films - various 1945 1990? USSR Col Print Sub 3 col 1 
almost identical or always identical to 
ORWO, name fades by 1990  35   

                    
1940's to 60's competing Integral 
subtractive REVERSAL tripack 
systems                   

Agfacolor Neu 1936   Germany Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock ? none? 

Agfacolor Reversal Film CT18  1960's?   
W 

Germany Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 8, 16? none? 

                    
Ansco "private"label films 1950's?   USA Col Reversal Sub 3 col 1 onto similar material  8,16 ?   

Ansco Color Type 735 1940 1955 USA Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 16 & 35 none 

Ansco Duplicating Film 132 1945   USA Col Reversal Sub 3 col   this material is a print stock only 35 dye 
Ansco Release Positive Film 732 1945   USA Col Reversal Sub 3 col   this material is a print stock only 35 dye 
Anscochrome, various speeds, plus 
Super-A &Ultra-speed A 1946 1967 USA Col Reversal Sub 3 col 1 

onto integral tripack/same layer order 
as camera stock 

8 & 
16mm? none? 

Anscochrome Duplicating Film 1955   USA Col Reversal Sub 3 col   
onto integral tripack/same layer order 
as camera stock 16 & 35 Ag 

                    
Fuji 1950's?   Japan Col Reversal Sub 3 col 1 camera - not printed 8,16 ?   
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Fujichrome various speeds 1973 1981 Japan Col Reversal sub 3 Col 1 camera - not printed 
Double 

8,16&S8   
Fujicolor 1946 1947? Japan Col Reversal Sub 2 col 1 not known, but presumably existed?  35mm no data 
Fujicolor 1947 1953? Japan Col Reversal Sub 3 col 1 not known, but presumably existed?  35mm no data 
Fujicolor Reversal TV Film RT500 8428 1978   Japan Col Reversal sub 3 Col 1 no data 16   
Fujicolor RT-50 single 8 Film 1967   Japan Col Reversal Sub 3 col 1   S 8mm   
                    
Konicolor Positive Film 4123 (non-
substantive) 1953 1956? Japan Col Reversal? Sub 3 col 1 a print film 35 no data 

Konishiroku 
1940 & 

46   Japan Col Reversal Sub 3 col 1 onto similar material  8,16 ?   
Konishiroku /but see 
Sakura,Konicolor,Sakurochrome 1950/60's   Japan Col Reversal Sub 3 col 1 

onto integral tripack/same layer order 
as camera stock 

 8 & 
16mm? none? 

                    

Ektachrome Commercial Film,7255,7252 1958   USA Col Reversal sub 3 Col 1 
onto various duplicating/print films, 
Kodachrome or Ektachrome 16   

Eastman Reversal Color Print Films 5269 
& 7387 1955 1964 USA Col Reversal Sub 3 col 1 this is a duplicating film only 8,16 & 35 Ag 

Eastman Ektachrome MS Film,5/7256 1963 no data USA Col Reversal sub 3 Col 1 
onto various duplicating/print 
films,Kodachrome or Ektachrome 16   

                    
Dynacolor 1949 1955 USA Col Reversal Sub 3 col 1   8,16 ?   

Perutz Color 1950's?   
W 

Germany Col Reversal Sub 3 col 1 onto similar material  8,16 ?   

ICI/no name data/doubtful if ever cine 1950/60's   UK Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

8 & 
16mm?   

                    
Gevaert "private"label films 1950's?   Belgium Col Reversal Sub 3 col 1 onto similar material  8,16 ?   
Gevachrome various balances and 
speeds, 1974 1974 Belgium Col Reversal sub 3 Col 1 

camera stock printed on Gevachrome 
Print Film 16   

Gevachrome Print Films T9.00, 9.01, 
9.02, 9.03 1974 1974 Belgium Col Reversal sub 3 Col   reversal print stock 16   
                    
3M "private label" film 1970 ? USA Col Reversal Sub 3 col 1   8,16 ?   
                    

Ferrania /no name data 1950/60's   Italy Col Reversal Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 

8 & 
16mm?   
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Sakura Cine Color Film Reversal 8 1961 1969? Japan Col Reversal Sub 3 col 1 not known 16, 8 &S8   
Sakura Cine Color Film Reversal TV 
6291,6292,2R6291 1967 1974 Japan Col Reversal Sub 3 col 1 not known 16   
Sakura Color Type A 1969 1976? Japan Col Reversal Sub 3 col 1 not known S8   
Sakurachrome Type A various speeds 1976 1985 Japan Col Reversal Sub 3 col 1 not known S8   
                    
Eastmancolor and compatible 
processes                   
Eastman Color Negative Films 1951 pres USA Col Neg sub 3 col 1 camera stock only 35 & 16   

Eastman Color Print Films 1951 pres USA Col Print sub 3 col 1 
Incorporated coupler integral 
tripack/top G/R/B[M C Y ] 35 & 16   

Eastman Color Intermediate Film 
5253,7252 etc 1956 1988 USA Col Neg Sub 3 col   

onto itself [for a dup neg] /onto 
Eastman Color Print Film[for a print 35   

Eastman Color Internegative Films, 
5270,7270,5271,7271 1956 pres USA Col Neg Sub 3 col   

for printing from colour reversal to 
Eastman Color Print Film  16 & 35   

Eastman Color Reversal Intermediate 
Film, 5249,7249 1968 1993 USA Col Reversal Sub 3 col   onto Eastman Color Print Film  16 & 35   
                    
Gevacolor Print Types 9.54, 9.85, 982, 
986 &TV contrast versions 1980? 1970 Belgium Col Print sub 3 col   

Incorporated coloured coupler integral 
tripack/top=G/,R,B[m,c,y] 35,16,S8   

Gevacolor Negative Film 682 1980? ? Belgium Col Neg sub 3 col 1 camera stock only 35 & 16   

Gevaert films sold under Agfacolor names  1980 pres Belgium Col Neg/Col Print Sub 3 col 1 
onto integral tripack/same layer order 
as camera stock 35   

                    

Ferrania Type HS Color Release Positive 1968 1970 Italy Col Print sub 3 col   
Incorporated coupler integral 
tripack/top B/Coll  Ag/G/R[Y M C] 35   

Ferrania-color Print Film[same name in 
English as above] ?1964 1968 Italy Col Print sub 3 col   

Incorporated coupler integral 
tripack/top B/Coll  Ag/G/R[Y M C] 35   

                    
Fujicolor Negative Films, many speeds 
and balance versions 1969 pres Japan Col Neg sub 3 col 1 camera stock only 35   
Fujicolor Intermediate Films F-CI several 
versions 1968 pres Japan Col Neg sub 3 col 1 camera stock only 35 & 16   
Fujicolor Positive Films,   8812 to 8818 
many versions 1968 pres Japan Col Print sub 3 col   

Incorporated coloured coupler integral 
tripack/top=G/,R,B[m,c,y] 35 & 16   

                    

3M Color Positive, Type 881, 650 & 651 1970 1974 Italy Col Print sub 3 col   
Incorporated coloured coupler integral 
tripack/top=G/,R,B[m,c,y] 35 & ?   
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Dontec 5247 & 5293 1990s 1990s Japan Col Neg sub 3 col   camera negative films, no data 35   
                    
Ektachrome and compatible processes                   
Eastman Ektachrome MS Film,5/7256 1963 no data USA Col Reversal sub 3 Col 1 camera stock only 16   
Eastman Ektachrome EF Film, 
5/7241,5/7242 etc 1965 1978? USA Col Reversal sub 3 Col 1 

onto various duplicating/print 
films,Kodachrome or Ektachrome 16   

Eastman Ektachrome ER 
Film5/7257,5/7258 etc 1978 pres USA Col Reversal sub 3 Col 1 

onto various duplicating/print 
films,Kodachrome or Ektachrome 16   

Eastman Reversal Print Film 5/7386 196? ? USA Col Reversal Sub 3 col   this is a print film only 8,16 & 35 Ag 
Eastman Ektachrome Print & R-Print 
Films  1968 pres USA Col Reversal sub 3 Col 1 this is a print film only 16   
                    
Fujicolor Reversal TV Film RT-100 etc to 
400 1978 

1977 at 
least Japan Col Reversal sub 3 Col 1 

onto various duplicating/print 
films,Kodachrome or Ektachrome 16   

                    
Gevachrome II Camera Film 732 1980? 1980? Belgium? Col Reversal sub 3 Col 1 camera film 16   
Gevachrome II Print Film 782   ? Belgium Col Reversal sub 3 Col   print stock 16   
                    
Note: many amateur film were 
compatible with the similar E-6 
process                   
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