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Abstract

FG IPTV-C-750 introduced the concept of MPEG Surround. Discussions within WG 6 pointed to more information required to achieve a similar level of information as is currently available for other audio codecs and as is covered in the WG 6 Output Document “Toolbox for Content Coding”.

The following documentation describes details which are partially also under discussion for the draft version of ETSI TS 101 154. Neither these details nor the current draft specification are final yet and should not be considered other than for informational purposes. 

This contribution is aimed at inclusion into the WG 6 Output Document “Toolbox for Content Coding”.

Introduction

MPEG Surround adds multi channel capabilities to the audio codec families like MPEG-1 Layer II and MPEG-4 AAC/HE-AAC/HE-AACv2. Operating on top of a core audio codec the system provides a set of features including full backward compatibility to stereo and mono equipment and a broad range of scalability in terms of bit rate used for describing the surround sound image. Conventional audio decoders will decode a stereo or mono signal while based on the same audio stream a decoder supporting the MPEG Surround extension will provide a high quality multi channel signal.
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Figure 1: Stylistic representation of quality of MPEG Surround (MPS) versus bit rate combined with different core codecs

Figure 1 indicates the typical total bit rate ranges for the use of MPEG Surround in combination with the audio codecs MPEG-1 Layer II (stereo and mono), MPEG 4 AAC (stereo and mono), MPEG 4 HE AAC (stereo and mono), MPEG 4 HE AAC v2 (parametric stereo, only the mono AAC signal is used in combination with MPEG Surround) on the encoder side.

MPEG Surround creates a (mono or stereo) downmix from the multi-channel audio input signal. This downmix is encoded using a core audio codec. In addition, MPEG Surround generates a spatial image parameter description of the multi channel audio that is added as an ancillary data stream to the core audio codec. Legacy mono or stereo decoders simply ignore the ancillary data and playback a stereo respectively mono audio signal. MPEG Surround capable decoders will first decode the mono or stereo core codec audio signal and then use the spatial image parameters extracted from the ancillary data stream to generate a high quality multi channel audio signal.
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Figure 2: Principle of MPEG Surround

MPEG Surround features

In addition to the normal mode of operation in the MPEG Surround Baseline Profile, MPEG Surround supports an additional set of features. These are Binaural Decoding, External Stereo Mix, and Enhanced Matrix Mode, see below.

Introduction to MPEG Surround Baseline profile

The MPEG Surround Baseline Profile is defined in ISO/IEC 23003-1:2007 together with the different levels. In this profile the distinguishing factor between the different levels 1 to 4 is the number of output channels and the use of the coding tool residual coding, which if used allows for higher audio quality but adds computational complexity, hence the bitstream is such that lower level decoders can ignore the residual data. Table 1 below summarizes the different levels defined in ISO/IEC 23003-1:2007.

Table 1 MPEG Surround level overview

	Decoder level
	Number of output channels
	Residual data

	1
	2, Stereo and Binaural
	Ignores residual data

	2
	5.1 and Binaural
	Ignores residual data

	3
	5.1 and Binaural
	Utilizes residual data

	4
	7.1 and Binaural
	Utilizes residual data


Binaural Decoding

MPEG Surround Binaural Decoding utilizes the downmix, the spatial parameters, and HRTFs supplied to the decoder to create a surround sound audio experience over headphones. There are two modes of operation, a parametric approach, for lowest complexity, and a filtering approach for highest quality. Since both of these methods process the downmix into a 3D audio signal for headphones without first up mixing to the multi-channel audio signal, the limited complexity additions allows for portable device usage. 

External stereo mix

The MPEG Surround system supports the use of external downmixes. The MPEG Surround encoder analyzes the difference between the internal downmix created by the MPEG Surround encoder and the external downmix. The difference is compensated for at the MPEG Surround decoder side. This allows the broadcaster to have full control of the sound of the transmitted mono or stereo mix. The basic principle is outlined in Figure 3.
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Figure 3 MPEG Surround support for external stereo mix
Enhanced Matrix Mode

The MPEG Surround decoder includes Enhanced Matrixed mode that creates a multi-channel signal based on the downmix without the transmission of MPEG Surround side information. The parameters required in the MPEG Surround decoder are estimated from the received downmix signal, this tool can also be combined with Binaural Decoding. The basic principle is outlined in Figure 4.
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Figure 4 Overview diagram for Enhance Matrix Mode decoding mode
MPEG Surround for MPEG-1 Layer II - Baseline Profile
Encoding and Formatting

The MPEG Surround spatial audio bitstream will be embedded into the ancillary data portion of the MPEG-1 Layer II bitstream as defined in ISO/IEC 11172-3. The actual embedding of the MPEG Surround bitstream into the MPEG-1 Layer II bitstream is specified in ISO/IEC 23003-1.

Configurations, Profiles and Levels

The Baseline MPEG Surround Profile is defined in ISO/IEC 23003-1. For the combination of MPEG Surround with MPEG-1 Layer II, the Baseline MPEG Surround profile shall be used together with the restrictions defined.

The MPEG Surround bitstream payload shall comply with level 3 or 4 of the Baseline MPEG Surround profile. 
MPEG Surround for MPEG 4 AAC, HE AAC and HE AAC v2 - Baseline Profile
Encoding and Formatting

The combination of MPEG Surround as specified in ISO/IEC 23003-1 with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 as specified in ISO/IEC 14496-3 is transmitted using LOAS/LATM, being also specified in ISO/IEC 14496-3. First, the combined MPEG-4 AAC/MPEG Surround, MPEG-4 HE AAC/MPEG Surround or MPEG-4 HE AAC v2/‌MPEG Surround is formatted using the LATM multiplex format. Specifically, the AudioMuxElement multiplex element shall be used. This LATM multiplex formatted stream is then embedded in the LOAS transmission format for which the AudioSyncStream shall be employed. AudioSyncStream adds a sync word to the audio stream to allow for synchronization. The semantics of the AudioMuxElement and AudioSyncStream formatting are described in ISO/IEC 14496-3.

Configurations, Profiles and Levels

The Baseline MPEG Surround Profile is defined in ISO/IEC 23003-1. 

For the combination of MPEG Surround with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2, the Baseline MPEG Surround Profile will be employed together with the AAC Profile, HE AAC profile or HE AAC v2 Profile respectively. The AAC, HE AAC or HE AAC v2 bitstream payloads shall comply with level 2 or level 4 of the respective profile. The MPEG Surround bitstream payload shall comply with level 3, 4 or 5 of the Baseline MPEG Surround profile. 
​​​​​​​​​​​​​​​​________________
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