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Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are members of 
ISO or IEC participate in the development of International Standards through technical committees 
established by the respective organization to deal with particular fields of technical activity. ISO and IEC 
technical committees collaborate in fields of mutual interest. Other international organizations, governmental 
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information 
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of the joint technical committee is to prepare International Standards. Draft International 
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as 
an International Standard requires approval by at least 75 % of the national bodies casting a vote. 

In exceptional circumstances, the joint technical committee may propose the publication of a Technical Report 
of one of the following types: 

— type 1, when the required support cannot be obtained for the publication of an International Standard, 
despite repeated efforts; 

— type 2, when the subject is still under technical development or where for any other reason there is the 
future but not immediate possibility of an agreement on an International Standard; 

— type 3, when the joint technical committee has collected data of a different kind from that which is 
normally published as an International Standard (“state of the art”, for example). 

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether 
they can be transformed into International Standards. Technical Reports of type 3 do not necessarily have to 
be reviewed until the data they provide are considered to be no longer valid or useful. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. 

ISO/IEC TR 23009-3, which is a Technical Report of type 3, was prepared by Joint Technical Committee 
ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and 
hypermedia information. 

ISO/IEC TR 23009 consists of the following parts, under the general title Information technology — Dynamic 
adaptive streaming over HTTP (DASH): 

- Part 1: Media presentation description and segment formats 

- Part 2: Conformance and reference software 

- Part 3: Implementation guidelines 

- Part 4: Segment encryption and authentication 
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Introduction 

This Part of ISO/IEC 23009 provides guidelines for implementation and deployment of streaming media 
delivery systems based on ISO/IEC 23009 standard.  These guidelines include 

 guidelines for streaming content generation;  

 guidelines for implementation of streaming clients; and 

 guidelines for deployment of systems designed based on ISO/IEC 23009 standard. 
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Information technology — Dynamic adaptive streaming over 
HTTP (DASH) — Part 3: Implementation guidelines 

1 Scope 

This part provides technical guidelines for implementing and deploying systems based on ISO/IEC 23009 
International Standard. 

2 References 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO/IEC 23009-1 Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1: 
Media presentation description and segment formats. 

ISO/IEC 23009-2 Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 2: 
Conformance and reference software. 

ISO/IEC 23009-4 Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 4: 
Format independent segment encryption and authentication. 

ITU-T Rec. H.222.0 | ISO/IEC 13818-1, Information technology – Generic coding of moving pictures and 
associated audio information: Systems 

ITU-T Rec. H.262 | ISO/IEC 13818-2, Information technology – Generic coding of moving pictures and 
associated audio information: Video  

ISO/IEC 13818-3, Information technology – Generic coding of moving pictures and associated audio 
information: Audio 

ISO/IEC 14496-3, Information technology – Coding of audio-visual objects – Part 3: Audio 

ITU-T Rec. H.264 | ISO/IEC 14496-10, Information technology – Coding of audio-visual objects – Part 10: 
Advanced Video Coding 

ISO/IEC 14496-12, Information technology – Coding of audio-visual objects – Part 12: ISO base media file 
format (technically identical to ISO/IEC 15444-12) 

ITU-T Rec. H.265 | ISO/IEC 23008-2, Information technology – Coding of audio-visual objects – Part 2: High 
Efficiency Video Coding 

ISO/IEC 23003-1, Information technology – MPEG audio technologies – Part 1: MPEG Surround 

ISO/IEC 23003-3, Information technology – MPEG audio technologies – Part 3: Unified Speech and Audio 
Coding 

ISO/IEC 23001-7, Information technology – MPEG systems technology – Part 7: Common encryption in ISO 
base media file format files  
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ISO/IEC 23001-8, Information technology – MPEG systems technologies – Part 8: Coding-independent code 
points 

IETF RFC 1521, MIME (Multipurpose Internet Mail Extensions) Part One: Mechanisms for Specifying and 
Describing the Format of Internet Message Bodies, September 1993 

IETF RFC 1738, Uniform Resource Locators (URL), December 1994 

IETF RFC 2141, URN Syntax, May 1997 

IETF RFC 2616, Hypertext Transfer Protocol – HTTP/1.1, June 1999 

IETF RFC 3023, XML Media Types, January 2001 

IETF RFC 3406, Uniform Resource Names (URN) Namespace Definition Mechanisms, October 2002 

IETF RFC 3986, Uniform Resource Identifier (URI): Generic Syntax, January 2005 

IETF RFC 4122, A Universally Unique IDentifier (UUID) URN Namespace, July 2005 

IETF RFC 4337, MIME Type Registration for MPEG-4, March 2006 

IETF RFC 5646, Tags for Identifying Languages, September 2009 

IETF RFC 6381, The 'Codecs' and 'Profiles' Parameters for "Bucket" Media Types, August 2011 

W3C XLINK XML Linking Language (XLink) Version 1.1, W3C Recommendation 06, May 2010 

ETSI TS 101 154, Digital Video Broadcasting (DVB); Implementation guidelines for the use of Video and 
Audio Coding in Broadcasting Applications based on the MPEG-2 Transport Stream, September, 2009. 

SCTE 172, Constraints on AVC Video Coding for Digital Program Insertion, 2011. 

W3C, Media Source Extensions, W3C Recommendation (Draft), 18, January 2013. 

W3C, Encrypted Media Extensions, W3C Recommendation (Draft), 22 January 2013.  

3 Terms, Definitions and Abbreviated Terms 

This document uses definitions, symbols, and abbreviated terms defined in ISO/IEC 23009-1. 

Additionally, this document uses video coding terms defined in ISO/IEC 13818-2, ISO/IEC 14496-2, ITU-T 
Rec. H.264 | ISO/IEC 14496-10, and ITU-T Rec. H.265 | ISO/IEC 23008-2. 

Additionally, this document uses audio coding terms defined in ISO/IEC 13818-1, ISO/IEC 14496-3, ISO/IEC 
23003-1, and ISO/IEC 23003-3. 

4 Introduction  

4.1 System overview 

Figure 1 shows a typical deployment scenario for Dynamic Adaptive Streaming over HTTP (DASH). The 
media encoding process generates segments containing different encoded versions of one or several of the 
media components of the media content. Each segment contains streams required for decoding and 
displaying a time interval of the content. The segments are then hosted on one or several media origin servers 
along with a Media Presentation Description (MPD) file. The media origin server may be a plain HTTP server 
conforming to RFC2616. The MPD information provides instructions on the location of segments as well as 
the timing and relation of the segments, i.e. how they form a media presentation. Based on this information in 
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MPD, a DASH streaming client requests the segments using HTTP GET or partial GET methods. The client 
fully controls the streaming session, i.e., it manages the on-time request and smooth playback of the 
sequence of segments, potentially adjusting bitrates or other attributes, e.g. to react to changes of the device 
state or the user preferences.  

As long as the MPD provides RESTful HTTP-URIs for the Segment locations, the HTTP-based delivery 
infrastructure may be kept unaware of the actual data that is delivered. This feature permits the reuse of 
existing HTTP caches and Content Distribution Networks (CDNs) for massively scalable Internet media 
distribution. 

Figure 1 – Example DASH-based Media Distribution Architecture. 

4.2 Normative parts 

The ISO/IEC 23009 specification serves as an enabler for Dynamic Adaptive streaming over HTTP. It does 
not specify a full end-to-end service, but rather base building blocks to enable efficient and high-quality 
streaming services over the Internet. Specifically, ISO/IEC 23009-1 defines two formats as shown in Figure 2: 

• The Media Presentation Description (MPD) describes a Media Presentation, i.e. a bounded or
unbounded presentation of media content. In particular, it defines formats to announce resource
identifiers for Segments as HTTP-URLs and to provide the context for these identified resources
within a Media Presentation.

• The Segment format specifying the format of the entity body of an HTTP response to an HTTP GET
request or a partial HTTP GET, with the indicated byte range through HTTP/1.1 as defined in RFC
2616, to a resource identified in the MPD.
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Figure 2  – Standardized aspects in DASH. Normative components are marked in red. 

Other aspects, such as client implementations of control and media engines are not defined as normative 
parts of the ISO/IEC 23009 specification. 

4.3 Main design principles 

4.3.1 Common timeline 

ISO/IEC 23009 requires encoded versions of media content components (e.g., video, audio) to have a 
common timeline. The presentation time of access units within the media content is mapped to a global 
common presentation timeline, referred to as Media Presentation Timeline. This allows synchronization of 
different media components and enables seamless switching between different encoded versions of media 
content. 

4.3.2 Data model 

In ISO/IEC 23009, the organization of a multimedia presentation is based on a hierarchical data model shown 
in Figure 3.   

 

Figure 3 – DASH hierarchical data model. 

This model consists of the following elements: 

- Media Presentation Description (MPD): Describes the sequence of Periods that make up a DASH 
Media Presentation. 

- Period: interval of the Media Presentation, where a contiguous sequence of all Periods constitutes 
the Media Presentation.  
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- Adaptation Set: Represents a set of interchangeable encoded versions of one or several media 
content components. For example, there may be an Adaptation Set for video, one for primary audio, 
one for secondary audio, one for captions. Adaptation Sets may also be multiplexed, in which case, 
interchangeable versions of the multiplex may be described as a single Adaptation Set.  For example, 
an Adaptation Set may contain both video and main audio for a Period.  

- Representation: Describes a deliverable encoded version of one or several media content 
components. Any single Representation within an Adaptation Set should be sufficient to render the 
contained media content components. Clients may switch from Representation to Representation 
within an Adaptation Set in order to adapt to network conditions or other factors.   

- Segment: Content within a Representation may be further divided in time into Segments of fixed or 
variable length. Each segment is referenced in the MPD by means of a URL. Thus a Segment defines 
the largest data unit that can be accessed by means of a single HTTP request. 

4.3.3 Segments 

Segments contain encoded chunks of media components.  They may also include information on how to map 
the media segments into the media presentation timeline for switching and synchronous presentation with 
other Representations. 

4.3.3.1 Segment availability timeline 

The Segment Availability Timeline is used to signal clients the availability time of segments at the specified 
HTTP URLs.  These times are provided in wall-clock times.  Before accessing the Segments at the specified 
HTTP URL, clients compare the wall-clock time to Segment availability times.   

For on-demand content, the availability times of all Segments are identical. All Segments of the Media 
Presentation are available on the server once any Segment is available. Thus, the MPD is a static document.  

For live content, the availability times of Segments depend on the position of the Segment in the Media 
Presentation Timeline. Segments become available with time as the content is produced. Thus, the MPD is 
updated periodically to reflect changes in the presentation over time.  For example, Segment URLs for new 
segments may be added to the MPD; old segments that are no longer available may be removed from the 
MPD. Updating the MPD may not be necessary if Segment URLs are described using a template. 

4.3.3.2 Segment duration 

The duration of a segment represents the duration of the media contained in the Segment when presented at 
normal speed.  Typically all Segments in a Representation have the same or roughly similar duration. 
However Segment duration may differ from Representation to Representation. A DASH presentation can be 
constructed with relative short segments (for example a few seconds), or longer Segments including a single 
Segment for the whole Representation.  

Segments cannot be extended over time; a Segment is a complete and discrete unit that must be made 
available in its entirety. 

4.3.3.3 Sub-segments 

Segments may be further subdivided into Sub-segments.  

If a Segment is divided into Sub-segments, these are described by a Segment Index, which provides the 
presentation time range in the Representation and corresponding byte range in the Segment occupied by 
each Sub-segment.  Clients may download this index in advance and then issue requests for individual Sub-
segments using HTTP partial GET requests. 

The Segment Index may be included in the Media Segment, typically at the beginning of the file.  Segment 
Index information may also be provided in separate file containing Index Segments. 
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4.3.4 Segment types 

4.3.4.1 General 

ISO/IEC 23009-1 defines the following four types of segments:  

- Initialization Segments, 
- Media Segments, 
- Index Segments, and 
- Bitstream Switching Segments. 

4.3.4.2 Initialization segments 

Initialization Segments contain initialization information for accessing the Representation and it does not 
contain any media data with an assigned presentation time.  Conceptually, the Initialization Segment is 
processed by the client to initialize the media engines for enabling play-out of Media Segments of the 
containing Representation. 

4.3.4.3 Media segments 

A Media Segment contains and encapsulates media streams that are either described within this Media 
Segment or described by the Initialization Segment of this Representation or both. Media Segments must 
contain a whole number of complete Access Units and should contain at least one Stream Access Point (SAP) 
for each contained media stream. Other requirements applicable to Media Segments are described in ISO/IEC 
23009-1, clause 6.2.3. 

4.3.4.4 Index segments 

Index Segments contain information that is related to Media Segments, including timing and access 
information for Media Segments or Subsegments. An Index Segment may provide information for one or more 
Media Segments. The Index Segment may be media format specific and more details are defined for each 
media format that supports Index Segments. 

4.3.4.5 Bitstream switching segments 

A Bitstream Switching Segment contains data enabling switching to the Representation it is assigned to.  It is 
media format specific and more details are defined for each media format that permits Bitstream Switching 
Segments. At most one bitstream switching segment can be defined for each Representation. 

4.3.5 Segment addressing schemes 

ISO/IEC 23009 allows several alternative schemes for addressing Segments from an MPD. Specifically, a 
segment list for a Representation or Sub-Representation can be specified by either: 

- SegmentBase element, provided when Representation contains a single media Segment;  
- SegmentList elements, providing a set of exact URL(s) for Media Segments; 
- SegmentTemplate element, providing a template form of URL(s) for Media Segments. 

Details of these schemes are described in ISO/IEC 23009-1, Clause 5.3.9. 

4.3.6 Stream access points 

A Stream Access Point (SAP) is a position in a Representation enabling playback of a media stream to be 
started using only the information contained in Representation data starting from that position onwards 
(preceded by initializing data in the Initialization Segment, if any). 

Stream access points are usually defined for each Media Segment, and used to support variety of streaming 
client operations, including: 
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- stream switching, e.g. for adaptation to changes in network bandwidth or other events, 
- random access (seek and rewind operations), 
- trick modes. 

ISO/IEC 14496-12, Annex I defines six possible types of SAPs. The mappings between SAP types and 
commonly used video prediction structures, such as Open GOP and Closed GOP structures are explained in 
Clause 5.1.1.4 of this document. 

4.4 Background on DASH profile concept 

Profiles of DASH are defined so as to enable interoperability and the signalling of the use of features.  

ISO/IEC 23009-1 defines six profiles, shown in Figure 4.  Profiles are organized in two categories based on 
file format used for segments. Three profiles use ISO Base media file format, two profiles use MPEG-2 
transport stream (TS), and full profile supports both file formats. These profiles do not impose restrictions on 
codecs encapsulated by these file formats. 

 

Figure 4  – DASH Profiles. 

In addition to six profiles defined in ISO/IEC 23009-1, additional profiles may also be defined externally, by 
means of Registration Authority. Such profiles may also impose constrains on codecs, resolutions, bit-rates, 
segment durations, and other system parameters.   

5 Guidelines for content generation 

5.1 General guidelines 

5.1.1 Video content generation 

5.1.1.1 General 

This section presents a set of recommended practices for preparing video content for streaming using MPEG 
video codecs. It uses terms and concepts defined in ISO/IEC 13818-2, ITU-R Rec.H.264 | ISO/IEC 14496-10, 
and ITU-T Rec. H.265 | ISO/IEC 23008-2. 

5.1.1.2 Enabling bandwidth adaptation 

In order to support bandwidth adaptation video content should be encoded at plurality of rates, covering the 
range of operational rates of the network. Such encodings should be declared as Representations with 
different @bandwidth attributes, and presented in MPD as an Adaptation Set.  

Video encodings within each Representation may be produced by using either Variable Bit-Rate (VBR) or 
Constant Bit-Rate (CBR) modes. In both cases the @bandwidth attributes should be set to the maximum of 
the bitrate averaged over @minBufferTime in each Representation. When VBR encoding is used it is also 
recommended to provide Index Segments, allowing client to access exact length information for each encoded 
segment. 

The rates of different encodings should not present large gaps, as switching between them could become 
noticeable. Ideally, the rates in adjacent operating points should not be more than 2x apart. For example, for 
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mobile clients connected over 3G networks and bandwidth in the range from 100Kbps to 3Mbps, a reasonable 
set of operating points may include: 100kbps, 200kbps, 400kbps, 600kbps, 1.2Mbps, 1.8Mbps and 2.5Mbps,  

In order to produce encodings with different target bitrates, video encoders may be instructed to use different 
spatial resolutions, framerates, or other parameters needed to achieve acceptable visual quality. Such 
parameters should be signaled by @width, @height, @frameRate or other relevant attributes of Adaptation 
Sets and Representations. Additional properties of encoded video may be also signaled by means of 
EssentialProperty or SupplementalProperty descriptors with URNs and schemas defined in ISO/IEC 23001-8 
or other relevant specifications. 

In performing encoding it may be desirable to minimize fluctuations of quality in the encoded content. VBR 
encoding is naturally more suitable for this purpose. Additionally, if system design permits the use of 
segments with variable durations, such durations may also be adjusted to accommodate changing 
complexities in video content. For example, segment boundaries may be placed at frames that are naturally 
encoded as I- or IDR-frames due to scene changes in video content. However, it is always a good practice to 
minimize deviation of segment durations to the extent possible. 

5.1.1.3 Initialization segments 

Initialization segments should be used to communicate sequence- and picture-level parameters needed to 
initialize the decoder and be able to decode media segments in the Representation.  

For example, when the ITU-R Rec.H.264 | ISO/IEC 14496-10 codec is used, the initialization segment may be 
used to communicate SPS, and PPS elements of the bitstream.  

5.1.1.4 GOP structure and Stream Access Points  

In preparation of video segments it is important to ensure that each Media Segment as at least one Stream 
Access Point (SAP). There are several different types of SAPs and corresponding encoding structures that 
can be employed. 

5.1.1.4.1 SAP type 1  

SAP type 1 is characterized by full alignment of time-domain parameters: TEPT = TDEC = TSAP = TPFT.  It can be 
implemented by using video structure known as “Closed GoP” (Group of Pictures). An example of such a 
structure is shown in Figure 5.  

I BB P BB P BB P

TSAP  

Figure 5 – Type 1 SAP implemented using Closed GOP structure. 

In this figure, boxes labeled as I, B, and P – correspond to I-(or IDR-), B-, and P-type pictures correspondingly. 
The I- (or IDR-) picture is independently decodable, while P-pictures require prior frames to be decoded first, 
and B-pictures require both prior and following I- or P- pictures to be decoded first.  

In closed GoP structure, the I- (or IDR-) picture is transmitted first, allowing all subsequent pictures to be 
sequentially decoded. The first Access Unit in decoding order is also the first access unit in presentation order.  

5.1.1.4.2 SAP type 2  

SAP type 2 allows the presentation time of the first access unit to be delayed: TEPT = TDEC = TSAP < TPFT.  This 
can be implemented by using modified Closed GoP structure, as illustrated in Figure 6. 
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IBB BB P BB P

TSAP

ISAP

TPTF  

Figure 6 – Type 2 SAP implemented using modified Closed GOP structure. 

In this example, the first two pictures are backward predicted (syntactically they can be coded as forward-only 
B-pictures), and they both need 3rd picture to be decoded first. The 3rd picture is an I- (or IDR-) picture and it is 
transmitted in the first Access Unit. 

5.1.1.4.3 SAP type 3  

SAP type 3 imposes the following order on time-domain parameters: TEPT < TDEC = TSAP <= TPTF.  This can be 
implemented by using “Open GoP” structure, as illustrated in Figure 7. 

 

Figure 7 – Type 3 SAP implemented using Open GoP structure. 

In this example, Access Units corresponding to first 2 B-pictures cannot be decoded by using data within a 
segment, as they also rely on P-picture from a previous segment.  

Open GoP structure has the advantage of being most efficient from coding efficiency standpoint. It can be 
used to implement random access in a single Representation.  In order to enable switching between different 
Representations with Open GoP-based access points, such Representations must be prepared using identical 
codecs, resolutions, and prediction structures (codecs must have identical states of Decoded Picture Buffers).  

5.1.2 Audio content generation 

5.1.2.1 General 

This section presents a set of recommended practices for preparing audio content for streaming when using 
MPEG audio codecs. It uses terms and definitions provided in ISO/IEC 13818-3, ISO/IEC 14496-3, ISO/IEC 
23003-1, and ISO/IEC 23003-3. 

5.1.2.2 Enabling bandwidth adaptation 

In order to support bandwidth adaptation audio content should be encoded at plurality of rates, covering the 
range of operational rates of the network. Such encodings should be presented as Representations with 
different @bandwidth attributes, and presented in MPD as an Adaptation Set.  

Audio encoding characteristics such as codecs, sampling rates, and channel configurations should be 
communicated by means of @codecs, @audioSamplingRate, and AudioChannelConfiguration attributes 
of Representations and Adaptation sets. Additional characteristics may be also signaled by means of 
EssentialProperty or SupplementalProperty descriptors with URNs and schemas defined in ISO/IEC 23001-8 
or other relevant specifications. Unless declared otherwise, Media Segments carrying audio data should be 
understood as ones having SAP type 1, and where the first Access Unit serves as SAP. 

5.1.2.3 Restrictions 

To avoid discontinuities in the decoder output, the following parameters should be the same across all 
Representations in an Adaptation Set for a Segment: 
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