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ABSTRACT 
 
This paper describes a set of metadata elements handled 
by the XDCAMTM Series, of the new professional 
audio-visual products utilizing next generation optical 
disc called Professional DiscTM. The metadata elements 
specified in the Professional Disc File Format 
Specifications are introduced one by one, followed by 
the XDCAM handling of SMPTE well-known metadata 
items or, UMID and SMPTE KLV metadata, the 
metadata interfaces to external applications, and 
possible applications exploiting the XDCAM metadata. 
 
INTRODUCTION 
 
The XDCAM Series is a new generation of optical disc 
based audiovisual products for broadcast and 
professional applications. For now, two types of 
camcorders (PDW-510/P and PDW-530/P), two types 
of decks (PDW-1500 and PDW-V1), and one drive 
type product (PDW-D1) are commercially available. 
Thanks to the random access capability of the disc, 
XDCAM has realized what traditional VTR technology 
cannot achieve so far, such as Thumbnail-based 
audiovisual (AV) clip search and Scene Selection (a 
virtual editing of AV clips) for desired playback. 
Behind such unique features exists XDCAM metadata 
recorded together with AV clips on the disc. While it 
plays a crucial role in realizing non-linear features, it is 
more than just device functional data: Together with 
external tools manipulating the XDCAM metadata via 
standard interfaces, there exist potentially interesting 
new multimedia applications that take full advantage of 
the XDCAM based systems. 
This paper introduces the XDCAM metadata system, or 
the metadata specified as part of the Professional Disc 
File Format Specifications (called the Specifications 
hereafter). After showing an overview of XDCAM 
metadata system, each metadata element specified in 
the Specifications is introduced one by one, followed 
by a couple of SMPTE well-known basic metadata 
items, UMID and SMPTE KLV metadata 
(EssenceMark), from the viewpoint of their handling in 
XDCAM, and the metadata interfaces to external 
applications. Then some new applications that would 
exploit the enhancements of XDCAM metadata are 
discussed. 
 
 
 

OVERVIEW OF XDCAM METADATA 
 
Figure 1 shows an overview of the XDCAM metadata 
system as used in the so called Professional Disc. 
When a disc is initialized, Disc Metadata (DiscMeta) 
describing the disc is created. An AV clip, when 
acquired, is recorded as a Material Exchange Format 
(MXF) [1] compliant file. This simultaneously creates 
three types of metadata: 1) Non-Real Time Metadata 
(NRT) for the AV clip as a whole, 2) Real Time 
Metadata (RT) for information synchronized with the 
AV clip and 3) Proxy AV Data, all of which are 
associated with the AV clip via the Unique Material 
Identifier (UMID) [2] of the AV clip. 
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Fig. 1 Overview of XDCAM Metadata 

 
When conducting virtual editing of AV clips on the 
disc such as the Scene Selection, the result is recorded 
as an EditList data (sometimes referred to as “ClipList” 
in other documents) written in Professional Disc Edit 
Description Language (PD-EDL). EditList also has its 
own UMID to uniquely identify itself and an NRT is 
also simultaneously created and associated with the 
EditList via its UMID. 
 
XDCAM METADATA DETAILS 
 
Metadata for Professional Disc 
The following are metadata elements formally specified 
in the Specifications. 

1) Non-Real Time Metadata (NRT) 
NRT describes the target AV clip as a whole and is 
written in XML (Extensible Markup Language) [3]. 
The metadata items in NRT include the AV clip’s 
duration, AV codec, date of the clip creation, creator, 



device used in the clip creation, key frame ref, title, and 
text description. In addition, a KLV packet table to 
accommodate EssenceMarks (EMs) in a table fashion, 
an LTC (Linear Time Code) change table, and (Body) 
UMID change tables are also recorded as a part of NRT. 
Here, the change tables are compact descriptions of 
LTC and Body UMID sequences for every frame. To 
describe the LTC change table in more detail, for 
example, the LTC change table records only the LTC 
change points, which are defined as points of the frame 
sequence after which the LTC change pattern differs, 
with their status value such as “increment”, “still”,  
“decrease” or “end”. Hence, as long as LTC increments 
linearly over an entire AV clip, only the LTC change 
points at the beginning and ending of the LTC sequence 
are recorded with respective status values of  
“increment” and “end”. If the LTC begins not to 
increment, i.e., the same LTCs for subsequent frames, 
or even to decrease, the change point with the value of 
“still” or “decrease” is instantiated, respectively. 
It should be noted that because NRT is associated with 
the target AV clip via UMID which is globally unique, 
its association is still kept valid even when NRT is 
manipulated outside of the disc as is. 

2) Real Time Metadata (RT) 
RT describes information synchronized with the AV 
clip. Specifically RT is instantiated as a sequence of 
groups of metadata items associated with each frame. 
RT is written in BiM (Binary format for Multimedia 
description schemes), or the ISO/IEC standardized 
binary compressed XML representation [4]. 
The Specifications allocate 6 Kbyte capacity for each 
frame, where only LTC and Body UMID as mandatory 
metadata items are stored and the rest of space is filled 
with dummy data (called filler) for now. 
But thanks to the BiM characteristics that a given BiM 
instance may be interpreted differently depending on 
schemas to be applied, it is extensible while fully 
preserving the backward compatibility, i.e., even if new 
metadata items that would occupy the filler space are 
additionally defined for each frame in the new RT 
schema, current devices supporting only the mandatory 
metadata items can detect those items without any 
problem. Figure 2 below schematically illustrates this 
technique. 
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Fig. 2 BiM based RT Extensibility 

In Fig. 2, when a given RT metadata as a BiM instance 
containing two additional metadata items in the filler 
space is BiM decoded via an old RT schema, then only 
LTC and Body UMID are detected and the rest is 
interpreted as a filler. But when it is decoded via a new 
RT schema specifying the additional metadata items, 
then those additional items are also detected in addition 
to LTC and Body UMID. 
The RT extensions currently under consideration 
include the SMPTE 291M ancillary data packets, any 
information to be obtained during acquisition such as 
for camera status and condition, object tracking, etc. 

3) Disc Metadata (DiscMeta) 
DiscMeta describes the target disc, and is also written 
in XML. The metadata items in DiscMeta include the 
date of disc initialization, main/sub titles, text 
description and a reference to a key frame representing 
the disc. In addition, a placeholder is provided to 
accommodate user and/or application specific date 
information and a disc identifier to be used for such as 
“Volume Label”. 
DiscMeta is associated with its target disc via 16 byte 
globally unique identifier called ProavID, which is 
created when a disc is initialized. Because of its global 
uniqueness, DiscMeta can also be manipulated outside 
of the disc as long as the disc is not reinitialized. 

4) EditList(ClipList) 
EditList may be understood as the EDL (Edit Decision 
List) or “play-list” data used in the disc. To obtain 
better familiarity with the IT based applications, 
however, a new language, called Professional Disc Edit 
Description Language (PD-EDL), is introduced to 
describe EditList. 
PD-EDL has been developed based on SMIL 2.0 
(Synchronized Multimedia Integration Language) [5] 
with some minor extensions. According to the PD-EDL 
specifications, EditList is described as a sequence of 
desired portion(s) of AV clip(s) called Sub-Clip, where 
each Sub-Clip is described by UMID identifying the 
AV clip and Time Code specifying In- and Out-points 
of the portion for the Sub-Clip. 
It should be noted that according to the Specifications 
an EditList by itself is regarded as a special type of 
(secondary created) AV clip rather than a simple play-
list data. Therefore EditList has its own UMID to 
identify itself and theoretically any metadata for an AV 
clip is also applicable to EditList, which is associated 
with the EditList via its UMID (Note that in the current 
implementation only NRT is supported, though). 
Furthermore, because EditList references to an AV clip 
via its UMID, it can also be manipulated outside of the 
disc. A couple of constraints are specified on EditList 
when stored on the disc: 1) all the referencing AV clips 
should co-exist within the same disc, and 2) the 
EditList reference to other EditList(s) is prohibited, 
because of the reasons of simplicity and assurance of  
the smooth playback of EditList on the disc. 



5) Proxy AV Data 
Proxy AV Data is a low resolution copy of an AV clip, 
which is also stored as an MXF compliant file. 
Specifically it is composed of 1.5 Mbps MPEG-4 
(Advanced Real Time Simple Profile) encoded video 
[6] of CIF resolution plus 64 Kbps/channel A-Law 
encoded audio [7] up to 8 channels. 
In the Specifications, Proxy AV Data is also regarded 
as a special type of metadata, and thus XDCAM creates 
it automatically during the recording of an AV clip. 
Because Proxy AV Data is an MXF file, it has its own 
UMID to identify itself. In order to associate Proxy AV 
Data with its original high resolution AV clip, this 
UMID is employed. Specifically, the UMID of Proxy 
AV Data differs from the UMID of the original AV clip 
only at its UMID Instance Number being non-zero [8]. 
This results in a simple transformation of EditList 
created in the Proxy AV Data based off-line editing to 
that for the original AV clip, i.e., because the UMID 
Instance Number of the original AV clip is always zero 
[2], just a zero-masking of the UMID Instance Number 
in EditList for Proxy AV Data immediately brings 
EditList for the original AV clips. 
 
Basic Metadata items 
In the following, SMPTE well-known metadata items, 
UMID and KLV metadata (as EssenceMark), are 
introduced with the emphasis on their handling in 
XDCAM. 

1) Unique Material IDentifier (UMID) 
UMID is a SMPTE standard Unique Material Identifier 
[2]. It is composed of 32 byte globally unique ID 
(called Basic UMID) optionally followed by 32 byte 
Source Pack to convey when/where/who creates the 
AV clip (called Extended UMID) as shown in Fig.3. 
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Fig. 3 UMID Structure 

 
In XDCAM, a Basic UMID is allocated not only to 
each AV clip (as MXF Material Package ID [1] of the 
clip) but also to each EditList as an object identifier on 
the disc. Metadata is associated with an AV clip or 
EditList by referencing to it via the UMID, including 
EditList referencing to AV clips as its components. 
In addition to the UMID as an identifier, an Extended 
UMID associated with each frame is also employed 
(called Body UMID), which may be handled in the 
same way as has been done in the SDI (Serial Digital 
Interface) based conventional environment such as for 
the Source Pack transfer, resulting in that XDCAM is 
replaceable with traditional VTR in the environment. 
 
 

 
2) EssenceMarkTM (EM) 
EssenceMark is a simple textual video marker as an 
application of the SMPTE KLV metadata [9]. Figure 4 
below shows the EssenceMark structure. 
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Fig. 4 EssenceMark Structure 

 
It is based on the KLV metadata item called “Term 
Value” with some restrictions being applied, and thus 
can be processed by any device supporting the relevant 
SMPTE standards [10, 11]. 
XDCAM takes a full advantage of EM, e.g., XDCAM 
camcorder, enabled to detect an event such as the 
occurrence of a flash light, will attach “_Flash” EM to 
the frame that captures the flash light. In addition, 
XDCAM can quickly detect frames according to a 
specified EM value and show them as a thumbnail list. 
This is achieved by EMs being recorded in NRT in a 
table fashion rather than recorded along with the frame 
sequence in RT. 
 
Metadata Interfaces 
To access those metadata elements, XDCAM supports 
two types of interfaces: 1) File Transfer Protocol (FTP) 
for the network interface and 2) File Access Mode 
(FAM) for the peer-to-peer connection. 

1) File Transfer Protocol (FTP) 
FTP in XDCAM is based on standard FTP [12] plus 
some extensions. Hence, a conventional FTP client may 
be used for the basic operations such as FTP get/put of 
AV clip and/or metadata, where metadata may be either 
retrieved individually or embedded at the AV clip 
retrieval. The extensions include schema-awareness, 
e.g., FTP put of schema-invalid metadata and/or 
EditList is bounced to protect the system consistency 
on the disc, partial retrieval of specified AV clip being 
implemented as FTP SITE command, and so forth. 
An FTP access to AV clip or EditList via UMID (as an 
identifier) is under consideration for future extensions. 

2) File Access Mode (FAM) 
When directly connecting to XDCAM via IEEE 1394, 
FAM is available to access metadata and/or AV clips. 
The advantage of FAM over the standard FTP is that 
FAM allows an application direct access to any part of 
a file, i.e., you don’t need to download it in advance. 
FAM is implemented based on Serial Bus Protocol 2 
(SBP2). But because extensions are made for its basic 
part, a conventional SBP2 driver cannot be used as is. 
Instead, a client driver SDK has been provided for 
those willing to access XDCAM via FAM. 
 
 



APPLICATIONS 
 
AV clip archive 
Metadata based AV clip search is one of the main 
purposes of introducing metadata. Within XDCAM 
metadata, NRT and DiscMeta would be used for this 
purpose. Figure 5 below illustrates the conceptual 
design of AV clip archive using NRT and DiscMeta. 
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Fig. 5 Conceptual design of AV clip archive 

 
By collecting NRT on dedicated XML database (NRT 
DB), any NRT properties may be used as queries to 
uniquely identify a desired AV clip. Note that it is 
UMID which the NRT DB returns, and thus needs to be 
resolved to retrieve actual AV clip. If all AV clips are 
available online over network, the UMID would be 
resolved just like the DNS (Domain Name Server) 
resolution provided relevant standards being 
established. But because the disc is a removable media, 
it would be often off-line, e.g, on the disc shelf. Hence, 
the disc identification, using ProavID, should be taken 
into account in addition to the AV clip identification. 
ProavID would be obtained by the DiscMeta DB if user 
knows any DiscMeta properties of the disc, or by the 
UMID Resolver that maintains the relationship between 
an AV clip and its recorded disc for all AV clips. 
Based on the ProavID resolution, a Disc Selector would 
provide the target disc without ambiguity, and make it 
ready for playback. Then finally the desired AV clip is 
played back by XDCAM. 
Note that because AV clip(s) within a disc has been 
already managed based on UMID, this is a natural 
extension toward the UMID based management of AV 
clips. Merits of such archive include its high scalability 
as a distributed archive system with standard interfaces. 
 
Cut detection and Video segmentation 
For the reuse of existing program (complete package), 
it would be often desired to disassemble the program 
into shots by detecting the shot-cut points. While there 
already exist various tools for that purpose, a problem 
would be how to output this result for better later uses. 
Within the XDCAM metadata, EditList can address it, 
i.e., an EditList describing each detected shot as a Sub-
Clip may be instantiated to represent the result. Because 
the resulting EditList may be regarded as a “playable” 
structural description of the target program, it is easily 
handled for later processing, i.e., deleting incorrectly 
detected shot, merging some neighbourhood shots, or 
playback only desired shot(s). 

Proxy AV Data of the program should be also useful 
for this purpose: because of its light-weighted data size 
while preserving the basic information of the program, 
the cut detection tool will be able to easily handle it 
even with a low performance lap-top PC. 
 
Video summary 
Video summary is often desired to quickly grasp the 
content of AV clip(s). EditList together with EM would 
be used for such a video summary creation according to 
a given theme. Figure 6 below schematically shows a 
video summary creation according to the flash light 
occurrence for example. 
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In this figure, based on a couple of AV clips having 
EM “Flash”, an EditList is created by clipping AV 
segments containing the “Flash” frame from the AV 
clips and serializing them as a Sub-Clip sequence. 
Note that because EM takes any text values, this 
scenario is applicable to any kinds of video summary. 
Another example would be a good shot video summary 
when selected EM having value such as “Good Shot”. 
 
SUMMARY 
 
A set of metadata handled by the XDCAM Series is 
introduced. The metadata specified in the Professional 
Disc File Format Specifications include NRT, RT, 
DiscMeta, EditList and Proxy AV Data. Also 
introduced are the use of UMID and KLV metadata 
(EssenceMark), the metadata interfaces to external 
applications, and finally three possible applications 
exploiting the XDCAM metadata are discussed. 
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