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1. OAIS and Long-term Preservation of Digital Content. 
1.1. Requirements for Long-term preservation of digital content 
In May 2009, after aggregating the amount of data generated by the world last year, the 
international agencies issued the total 22-figure number of bits: 3,892,179,868,480,350,000,000! 
This abstract data may not show you the mass of the data. However, if all these data is printed on 
the books, the length of the neatly arranged books will be 10 times longer than the distance from 
Earth to Pluto. What accompanies the fact is a problem must be face: How to access and use the 
data stored a few decades ago effectively? After a few years how to use the data generated today 
continuously? 
 
At present, digital content has permeated every part of human social life, and has become a 
valuable resource. However, while the vast amounts of information continue to occur, human 
beings are persecuted by the loss of information, especially those carrying human culture and 
civilization. The prolonged preservation technology of digital content faces enormous challenges. 
Therefore, the managers should consider how to supervise, manage and utilize the digital content 
for a long time by the scientific and reasonable measures. 
 
The long-term preservation of digital content means that when hardware, software, formats, 
processing and personnel resources have been abandoned or eliminated, the original information 
can also be recovered and used in quite a long time. At the moment, research institutions all over 
the world have carried out extensive researches and practices, and have developed a number of 
long-term preservation items of digital content, to explore the core technology and inherent rules 
of long-term preservation of digital content. 
 
The features of digital content, which include readily reversible, instability, short lifetime of 
carrier and dependence on hardware or software environment, lead to a serious threat to its 
authenticity, integrity, long-term readability and intelligibility. Currently, the requirements of the 
long-term preservation of digital content are as follows: 



1)�� The security and access control of digital content  
In recent years, with the rapid popularization and development of the Internet, various kinds 
of digital information had grown up. People could read, browse, search, download the 
information on the Internet easier and more freely that bring humans great convenience. But 
the pirated sale and illegal using of digital content have interference its spreading and 
preservation seriously. To ensure the authenticity, integrity and legitimacy of access, the 
digital content is needed to be encrypted by the use of digital copyright management 
technology. 
2)�� The low-cost migration of digital content 
With the changing of hardware and software environment, the digital content need to be 
transferred to different software or hardware for detection, running and retrieval, and then 
conserving and utilizing the digital content could last for a long period. During the migration 
process, People must pay attention to the cost and efficiency. 
3)�� The structure of digital content must follow the same rules 
The great kinds of storage formats make it difficult to exchange data between different 
information resources. Therefore, it’s necessary to establish the same rules for the structure of 
digital content. By creating a unified data model, human facilitate the conversion and 
migration of the data formats. Then they use the data model to support data reusability. 
4)�� Needing resource tools to support the understanding of digital content 
Because of the significantly difference between the present and future operating environment 
of data information, people need to create resource tools to support the understanding of 
digital content. So the original data, equipment and system can run on the current hardware 
and software platform. They can also take the original physical equipment and a variety of 
resource conversional tools to complete the migration of digital content. 
5)�� Tracing the historical data when access digital content  
There will be much new data when the user modifies the original data. And it is necessary to 
restore the historical data accordance with a certain time or relevant rules in long-term 
preservation of data, making digital content can be traced to a historical version with the 
certain time or the rules. Therefore it’s necessary to record historical data in the processing of 
digital content update. 
6)�� Ensuring the service quality when distribute the digital content  
For the access methods ensure providing quality services, different data formats have 
inherent requirements. Therefore, they need to record the distribution service quality of data 
formats. When the data is finally distributed to end users, the digital content management 
system distributes data information to end users according to the corresponding service 
quality. 

 
1.2. Introduction of OAIS 
OAIS is an open archival information system issued by the Advisory Committee of Space  
Digital System in May 1999, which aims to provide concepts and reference framework to access 
digital content and long-term preservation., The model was approved as a new international 
standard (IS0: 14721) in January, 2003. For long-term preservation and maintenance of digital 
content, the reference model provides a conceptual framework which describes the existing 
environment and functional organization of an archival system, and the infrastructure for 



supporting the archival information management. The model applies to libraries, archives and 
other institutions of cultural heritage, government departments and private institutions. 
 
The reference model presented by OAIS mainly focuses on digital information, including the basic 
format of information storing and the supporting information about archival material of digital or 
physical form. The applications of the reference model are as follows: 
�ƒ�� providing a framework for the understanding and increased awareness of archival concepts 

needed for Long Term digital information preservation and access; 
�ƒ�� providing the concepts needed by non-archival organizations to be effective participants in 

the preservation process; 
�ƒ�� providing a framework, including terminology and concepts, for describing and comparing 

architectures and operations of existing and future archives; 
�ƒ�� providing a basis for comparing the data models of digital information preserved by archives 

and for discussing how data models and the underlying information may change over time; 
�ƒ�� guiding the identification and production of OAIS-related standards. 
�ƒ�� providing a framework that may be expanded by other efforts to cover Long Term 

Preservation of information that is NOT in digital form (e.g., physical media and physical 
samples); 

 

OAIS Reference Model describes the whole process of saving file information, including 
processing, file storage, data management, access and release. Besides, it shows how the digital 
information migrate to new media and formats, the data model of information expression, the role 
of software when information is saved, and the exchange of the digital content between files. At 
the same time, it establishes the internal links and the external interface of every function, and a 
series of high-level services on these interfaces. 
 
1.3. The value of OAIS on long-term preservation of digital content 
1).Providing a common terminology and conceptual framework for the long-term preservation of 
digital content 

OAIS Reference Model defines a number of terms and concepts related to the long-term 
preservation of digital content，which will help people understand the long-term preservation 
activities of digital content. 

 
2). Creating the most basic function model for the long-term preservation of digital content 

OAIS Reference Model considers that the archives which have the duty of long-term 
preservation of digital content should have the six most basic functions: reception, data 
management, file storage, access, administrations and preservation plan. 

 
3). Defining the scope for the information that needs the long-term preservation 

OAIS divides the information that need to be saved into: content information, preservation 
description information, package information and description information. Content 
information is divided into content data objects and representation information. The saved 
description information is divided into reference information, background information, 
sources information and solidify information. 



 
OAIS provides a conceptual model for the long-term preservation of digital content, it satisfy the 
basic need of the long-term preservation of digital content from the aspect of system function. But 
in the practice of preservation, the explicit data model is necessary, moreover, the model should 
meet the management need of whole life cycle in the long-term preservation of digital content, 
meanwhile it’s necessary to choose the coding formats of media files. As a result, the data model 
of digital content management should be researched maintained and conserves the digital 
information formats following relative standards selectively. 
 

2. Digital Content Management Data Model (DCM DM) 
Digital content is a valuable and integrated digital entity. The core of the DCM is management and 
use of the data. There are a series of lifecycle stages for data, including creating, modifying, 
disseminating, copying, archiving, destroying and etc. Data modeling, in order to meet the 
characteristics of the whole life cycle, is a useful research for long-term preservation of digital 
content.  
 
OAIS provides a good reference function model of the system which can preserve the digital 
content for a long time. However, the OAIS has not given a clear description and regulation of the 
data in the system. Therefore, the establishment of a data model, used for a uniform description 
and modeling of the data in the long-term preservation system of digital content, is a meaningful 
research. 
 
2.1. Hierarchical data model 
The key of digital content management is the data. The problem to be resolved by data model is 
how to describe the data through a uniform way，supporting the needs of long-term preservation of 
DCM and the whole lifecycle management. We draw the hierarchical idea of the OSI reference 
model when thinking about this problem. Through data reuse, this data layered architecture 
converts the entire large and complex problem into several sub-problems easy to be solved, with 
the good expansibility. 
 
After thinking about the needs of Long-Term preservation of data, we, using the layering idea, 
provide a 7-layer reference model of digital content management, according to the lifecycle stage 
of data content including data creating, protecting, accessing, migrating, archiving, destroying and 
so on. As shown in Figure 2.1, the seven layers were data layer, data update layer, data 
representation layer, operation-recording layer, security layer, the management and distribution 
layer. 



Data Layer(DL)

Data Update Layer(DUL)

Data Representation Layer(DRL)

Operation Recording Layer(ORL)

Security Layer(SL)

Management Layer(ML)

Distribution Layer(DL*)
 

Figure 2.1 Layering Data Reference Model of Digital Content Management  
 

The function of each layer is as follows: 
�ƒ�� Data Layer: used for recording original data. Data layer is the highest layer, which is the 

original data collected by the user, a basic object for Long-Term preservation in the digital 
content management, in other words, and also is a core of digital content management 
system. 

�ƒ�� Data Update Layer: used for recording the historical data of different stages involved in the 
updated process of the original data. When the users modify the data of the Data Layer (the 
original data), much new data will occur and they will enable digital content back to a 
historical version in a certain time. It is also an object need to be preserved for a long time in 
the digital content management. 

�ƒ�� Data Representation Layer: used for an interpretation of the data in Data Layer and Data 
Update Layer. Data Representation Layer records the definition of the data format, context 
information, metadata descriptions and other information. It is the most complex layer, 
covering multitudes of information. 

�ƒ�� Operation Recording Layer: used for recording the operation of data. There will be a series 
of operations while the users or managers are using the data, and then the layer of operation 
recording will record the data of these operations. 

�ƒ�� Security Layer: used for recording the information of data security and access control. It 
ensures the authenticity, integrity and legitimacy to access the data in the above layers. 

�ƒ�� Management Layer: used for describing which layers the current data will be used. Some of 
the layers may not be required in the actual situation. Therefore, the management layer 
stipulates that which layers are used, or which ones are not used. It will also record the 
definition information of each layer. 

�ƒ�� Distribution Layer: used for the description of the needed service quality requirements in 
the provision of the service. Data are ultimately distributed to terminal users. Different 
requirements of service quality are needed in the distribution of the data. And distribution 
layer is used to record these requirements. 

 
2.2. Reference implementation of the data model 



Referring to TCP/IP packet form, this paper accounts for an actualized project of DCM Layering 
Data Model is shown in Figure 2.2. 

 
Figure 2.2 The package schematic diagram of data model 

 
The data layer contains the original or the compressed data. The data update layer makes the 
updated data folded outside the data layer. Similarly, the data update layer is enveloped by the data 
of data representation layer which denotes the need, and the same operations are taken until 
completing the package of distribution layer.  
 
What is encapsulated in each of the layer may be not the data itself but an index of the data. 
Taking data layer as an example, it puts the original data into the resource library while the 
indexes are wrapped up in data layer. As another illustration, data representation can make the 
software denoting the original data folded inside the layer itself. Also it may create a separate 
resources library supported by software, and then it makes the index of software in the resources 
library recorded inside the layer. 
 
2.3. Indication of using data model 
Data model is used for data storage and transmission of DCM system. Data providers put the data 
into DCM system by data model. And it is the same way for management system storing and 
managing the data. The system could send data to the users through data model when it is 
requested. All these are shown in Figure 2.3.  
 

 
Figure 2.3 Indication of using data model 



 
In the actual use of data model, it can use all the layers. Of course, it may also select to skip some 
of the layers that are not needed. For example, data update layer is not required when it cannot be 
updated. Similarly, the security is unneeded when the data is open to everyone. 
 
2.4. The proposed research work 
�ƒ�� The further study of model framework. In it more detailed definitions will be given about the 

function of each layer of data model.  
�ƒ�� The relationship among the layers and interface specification in the model. The correlativity 

among the layers, the interface specification of mutual operations, the interaction among the 
layers and the operational original definition will be studied. 

�ƒ�� The implementation of data model. A way to implement the data model will be researched by 
packaging. 

�ƒ�� The combination of this data model and OAIS. The relationship between the data packets 
generated based on data model and the information packets in OAIS reference model will be 
studied. 

�ƒ�� The data conversion. Data migration is an essential process for long-term preservation of 
digital content. In addition, data conversion provides a technical support for data migration. 

�ƒ�� The framework of data description. The information on representation layer, including the 
explanation and the description information of the data layer, provides the users with the 
retrieval and use. 

 

3. Issues of Multimedia Data Management and Protection 
Multimedia data which has rich content is an important part of data resources. There are large 
amount of encoding and file formats, some of them use the international standard coding format, 
and some utilize proprietary compression format which is defined by company or community, 
even the international standard format, there are also many species. Low compatibility is the status 
of multimedia digital content management and protection. 
 
3.1. Multimedia codec formats and container formats (sample survey) 
The popular formats of multimedia codec and file package are listed as follows:  
3.1.1. Video codec formats 

ISO/IEC : 
�ƒ�� MPEG-1 
�ƒ�� MPEG-2 (Part 2) 
�ƒ�� MPEG-4 (Part 2/ASP) 

�ƒ�� MPEG-4 (Part 10/AVC) 
�ƒ�� MJPEG 
�ƒ�� Motion JPEG 2000 

ITU-T: 
�ƒ�� H.120 
�ƒ�� H.261 
�ƒ�� H.262 

�ƒ�� H.263 
�ƒ�� H.264 

Others: 

Video codec 
formats 

�ƒ�� AMV 
�ƒ�� AVS 

�ƒ�� RTVideo 
�ƒ�� SheerVideo 



�ƒ�� Bink 
�ƒ�� CineForm 
�ƒ�� Cinepak 
�ƒ�� Dirac 
�ƒ�� DV 
�ƒ�� Indeo 
�ƒ�� Microsoft Video 1 
�ƒ�� OMS Video 
�ƒ�� Pixlet 
�ƒ�� RealVideo 

�ƒ�� Smacker 
�ƒ�� Sorenson Video & Sorenson Spark 
�ƒ�� Theora 
�ƒ�� VC-1 
�ƒ�� VP3 
�ƒ�� VP6 
�ƒ�� VP7 
�ƒ�� VP8 
�ƒ�� WMV 

 
3.1.2. Audio codec formats 

ISO/IEC : 
�ƒ�� MPEG-1 Layer III (MP3) 
�ƒ�� MPEG-1 Layer II 
�ƒ�� MPEG-1 Layer I 
�ƒ�� AAC 
�ƒ�� HE-AAC 

�ƒ�� MPEG-4 ALS 
�ƒ�� MPEG-4 SLS 
�ƒ�� MPEG-4 DST 
�ƒ�� MPEG-4 HVXC 
�ƒ�� MPEG-4 CELP 

ITU-T: 
�ƒ�� G.711 
�ƒ�� G.718 
�ƒ�� G.719 
�ƒ�� G.722 
�ƒ�� G.722.1 
�ƒ�� G.722.2 

�ƒ�� G.723 
�ƒ�� G.723.1 
�ƒ�� G.726 
�ƒ�� G.728 
�ƒ�� G.729 
�ƒ�� G.729.1 

Others: 
Audio codec 
formats 

�ƒ�� AC-3 
�ƒ�� AMR 
�ƒ�� AMR-WB 
�ƒ�� AMR-WB+ 
�ƒ�� Apple Lossless 
�ƒ�� ATRAC 
�ƒ�� DRA 
�ƒ�� DTS 
�ƒ�� FLAC 
�ƒ�� Monkey's Audio 
�ƒ�� TTA (True Audio) 
�ƒ�� MT9  
�ƒ�� Musepack 

�ƒ�� Nellymoser 
�ƒ�� OptimFROG 
�ƒ�� OSQ  
�ƒ�� RealAudio 
�ƒ�� RTAudio  
�ƒ�� SD2  
�ƒ�� SHN 
�ƒ�� SILK 
�ƒ�� Siren 
�ƒ�� Speex 
�ƒ�� TwinVQ 
�ƒ�� Vorbis 
�ƒ�� WMA 

 
3.1.3. Image codec formats 

ISO/IEC/ ITU-T: Image codec 
formats �ƒ�� JPEG 

�ƒ�� JPEG 2000 
�ƒ�� JBIG 
�ƒ�� JBIG2 



�ƒ�� JPEG XR 
�ƒ�� lossless JPEG 

�ƒ�� PNG 
�ƒ�� WBMP 

Others: 
�ƒ�� APNG 
�ƒ�� BMP 
�ƒ�� DjVu 
�ƒ�� EXR 
�ƒ�� GIF 
�ƒ�� ICER 
�ƒ�� ILBM 

�ƒ�� MNG 
�ƒ�� PCX 
�ƒ�� PGF 
�ƒ�� TGA 
�ƒ�� QTVR 
�ƒ�� TIFF 

The above tables list the international mainstream encoding standard of video, audio and image 
format. It is obvious that different organizations and community made a variety of coding 
standards according to different requirements from practice, lack of interoperability and 
compatibility between various standard.  Part of the standard oriented to specific industrial 
applications, the use of data depends on the application software. Due to technical updates and 
other reasons, the data format is not conducive to long-term preservation of digital content. 
 
3.1.4. Multimedia container formats 
The format of data package is variety, resulting in difficult to operations and use between data of 
different standard format, forming a barrier between the data and the data that is not conducive to 
the sharing and use. 

ISO/IEC : 
�ƒ�� MPEG-PS 
�ƒ�� MPEG-TS 
�ƒ�� MPEG-4 Part 12/JPEG 2000 Part 12 
�ƒ�� MPEG-4 Part 14 
ITU-T: 
�ƒ�� H.222.0  
Others: 

Multimedia 
container 
formats 

�ƒ�� 3GP and 3G2 
�ƒ�� ASF 
�ƒ�� AVI 
�ƒ�� Bink 
�ƒ�� DivX Media Format 
�ƒ�� DPX 
�ƒ�� EVO 
�ƒ�� Flash Video 
�ƒ�� GXF 
�ƒ�� M2TS 
�ƒ�� Matroska 

�ƒ�� MXF 
�ƒ�� Ogg 
�ƒ�� QuickTime File Format 
�ƒ�� RealMedia 
�ƒ�� REDCODE RAW 
�ƒ�� RIFF 
�ƒ�� Smacker 
�ƒ�� MOD and TOD 
�ƒ�� VOB 
�ƒ�� WebM 

 

3.1.5. Comparison of multimedia container formats 
There is variety of multimedia data package format, and some standard suit for the needs of the 
media data long-term preservation, and some of them can not. Therefore, there is important 



practical significance to maintain standards widely used and convert one media format to another 
one. 

Name and file 
extension 

Standard 
owner 

Video formats 
supported 

Audio formats 
supported 

Metadata 
/Tags 

supported 
MPEG program 
stream PS (.ps) 

MPEG MPEG-1, MPEG-2, 
MPEG-4 Part 2 

MPEG-1 Layers I, II, 
III (mp3), 
other formats only in 
private streams: 
AC-3,LPCM, DTS 

No 

MPEG transport 
stream TS (.ts) 

MPEG MPEG-1, MPEG-2 
Part 2, MPEG-4 ASP, 
H.264,  
other formats in 
private streams: VC-1, 
Dirac 

MPEG-1 Layers I, II, 
III (mp3), AAC,  
other formats in 
private streams: 
AC-3,LPCM, DTS 

No 

MPEG Video File 
(.mpg, .mpeg) 

MPEG MPEG-1, MPEG-2 MPEG-1 Layers I, II, 
III (mp3),  
other formats only in 
private streams: LPCM 

No 

MP4 MPEG MPEG-4 ASP, 
H.264/MPEG-4 AVC, 
H.263, VC-1, Dirac, 
others 

MPEG-2/4 (HE)-AAC, 
MPEG-1/2 Layers I, II, 
III (MP3), AC-3, 
Apple Lossless, ALS, 
SLS, Vorbis (with 
private object Type 
Indication), others 

Yes 

EVO MPEG MPEG-2 Part 
2,H.264/MPEG-4 
AVC, VC-1 

AC-3, E-AC-3, Dolby 
TrueHD, Linear PCM, 
DTS,DTS-HD, 
MPEG-2 Part 3 

 

3GP 3GPP H.263, MPEG-4 Part 
2 and H.264/MPEG-4 
AVC 

AMR-NB, AMR-WB, 
AMR-WB+,AAC, 
HE-AAC and 
HE-AAC v2 

 

3G2 3GPP2 H.263, MPEG-4 Part 
2 and H.264/MPEG-4 
AVC 

AMR-NB, AMR-WB, 
AAC, HE-AAC, 
EVRC, EVRC-B, 
EVRC-WB, 13K 
(QCELP), SMV or 
VMR-WB 

 

Advanced Systems 
Format 
(.asf , .wma, .wmv) 

Microsoft Almost anything 
through VFW or 
DMO;  

Almost anything 
through ACM or 
DMO;  

Yes 



AVI Microsoft Almost anything 
through VFW; 
H.264/AVC is 
problematic due to the 
limited B-frame 
support 

Almost anything 
through ACM; 

not 
officially 

DivX Media 
Format(.divx) 

DivX, Inc. MPEG-4 Part 2 video 
encoded to meet DivX 
profiles 

MP3, PCM, AC-3  

F4V (Flash Video) Adobe 
Systems 

H.264/MPEG-4 AVC MP3, AAC, HE-AAC Yes 

FLV (Flash Video) Adobe 
Systems 

Sorenson, VP6, 
Screen Video, 
H.264/MPEG-4 AVC 

MP3, Nellymoser, 
ADPCM, Linear PCM, 
AAC, Speex 

Yes 

Matroska 
(.mkv, .mka) 

CoreCodec, 
Inc. 

virtually anything virtually anything Yes 

BDAV MPEG-2 
transport stream 
(.m2ts) 

Blue-ray  
Disc 
Association 

MPEG-2 Part 2, 
H.264, VC-1 

AC-3, DTS, LPCM, 
Dolby Digital Plus, 
DTS HD, Dolby 
Lossless 

 

Ogg Xiph.org,  Theora, Dirac, 
OggUVS, MNG and 
others,  
almost anything 
through VFW 

Vorbis, FLAC, Speex, 
CELT, OggPCM, 
almost anything 
through ACM 

CMML, 
Ogg 
Skeleton , 
Vorbis 
comment 

Quicktime 
(.mov, .qt) 

Apple Limited to what is 
available to the 
QuickTime codec 
manager 

Limited to what is 
available to Sound 
Manager or CoreAudio 

Yes 

RMVB Real 
Networks 

RealVideo 8, 9, 10 (HE)-AAC, Cook 
Codec, Vorbis, 
RealAudio Lossless 

 

VOB+IFO DVD 
Forum 

MPEG-2 Part 2, 
MPEG-1 Part 2 

AC-3, Linear PCM, 
DTS, MPEG-2 Part 3, 
MPEG-1 Layer II 

No 

 

3.2. Obstacles of multimedia data content management  
�ƒ�� Incompatible format of Multimedia codec and containers: multimedia coding data for 

Long-term preservation is difficult to be fully shared and accessed as lack of compatible 
multimedia encoding formats and file package method,  

�ƒ�� Format / Software Obsolesce: Format obsolesce becomes troublesome when the bit of the 
storage media stays intact while the data content is not accessible as the format decoder does 
not work any more. 

�ƒ�� The lack of mature technology to extract the contents metadata of multimedia data makes it 



difficult to generate the contents of descriptions that are easy to understand from the 
underlying data. This will cause inconvenience to the retrieval of multimedia data content, 
and users will have more difficulties to access the data from management systems. 

 
3.3. Proposals to multimedia data content management and protection 
Without doubt，the data content of each format, which has its unique value and history, should be 
durable with the help of improvement of information technology. But in fact, not every data 
format is suitable for long-term preservation, sometimes new technologies develop rapidly result 
the traditional technologies accelerated to fade out, so that some form of data content eliminate 
faster. Therefore, it is useful to choose some data format that can meet the need of long-term 
preservation, maintain them for long-term under the guidance of the standard, and research on the 
conversion of data format, to preserve variety of data content as far as possible. 
 
Proposes to carry out the relevant work as follow: 
�ƒ�� Determining the multimedia digital content format requirements of long-term preservation, to 

establish the criteria of file format evaluation,  maintaining a standard format which is adapt 
to long-term preservation 

�ƒ�� The technical framework, conversion protocol, interface specification and resource tool kit 
for multimedia data conversion, to achieve data transfer and sharing. 

�ƒ�� Requirements which extract, describe and protect multimedia data.  
�ƒ�� Technical framework that extracts, describes and protects multimedia data.  
 
 


