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Introduction
A general goal for the Xbox 360 is to have reasonably well-balanced game audio, so that users won't constantly have to tweak their home stereo from game to game, or leave the volume too high or too low to properly enjoy a title's audio nuances. In this paper, we discuss recommended practices for mixing your audio so that it lines up with the sounds built into the Xbox 360, and match the audio levels from other connected devices. We also discuss mixing in general, and methods for balancing normal audio levels with high levels appropriate for intense moments in the game.
Typical Programming Levels and Recommendations 

When consumers turn on their Xbox, the audio levels should be fairly similar to other devices connected to their receiver. There are two different values of interest here: the absolute peak level and the A-weighted dialogue level relative to 0 dBFS
. Peak level is always expressed relative to full scale digital (0 dBFS), while the loudness of dialogue is quantified by means of an A-weighted equivalent loudness measure (Leq(A)) and also expressed relative to full scale digital (0 dBFS). 
DVD movies generally have dialogue peaks anywhere from 0 to –10 dBFS, with long-term A-weighted dialogue levels that range from –23 to –31 dBFS.

Television programming tends to have significantly less consistency in mixing techniques. Programs frequently are mixed such that peaks often reach full scale, and have overall long-term (average) A-weighted dialogue levels around –24 dBFS (with a range that can spread from –16 to –31 dBFS).
CDs and television commercials are often mixed with much less dynamic range; advertisements tend to "squash" their audio such that average levels are closer to 0 dBFS. This is clearly evident throughout many commercial music recordings that have been produced in the past few years. 

Rather than compete with such full-scale volume presentations, we recommend games match DVDs and broadcast television signals for the audio levels to match. In particular, the general recommendation is for games to target –12 dBFS for the peak level of dialogue output from the Xbox 360 (if dialogue is present), with long-term A-weighted (Leq(A)) dialogue output levels at –22 to –26 dBFS. Unlike other devices, where the audio is pre-rendered and therefore the peak signals known far ahead of time, sound levels are dynamically generated by games on Xbox 360. Adopting the above levels builds in a fair amount of headroom for beefy explosions and crescendoing underscores, and also provides room for hundreds of voices to be playing in the most intense moments without clipping.

Audio Levels “Hard-Coded” on Xbox 360

Xbox 360 has a number of built-in audio elements whose levels can be used as a reference point for title mixing. 
The Xbox 360 startup sound peaks at around –8.7 dBFS, and its average non-weighted RMS level is approximately –25.7 dBFS. Typically, users will use this 7-second startup sound as a way to calibrate their speaker volume to be comfortable. As compared to a network television or DVD signal, the startup sound is designed to be fairly loud but comfortable, though individual user tastes and perceptions will vary. 

The Xbox 360 Guide and HUD are mixed to typically peak at between –12 and –16 dBFS, with an average non-weighted RMS level of –20 to –27 dBFS, meaning that most sounds will fall well within the suggested volume range. Notification sounds in particular have been designed to be unobtrusive and subtle compared to the game mix. 

	Sound Type
	Playback Levels

	Xbox 360 boot sound
	–25.7 dB RMS / –8.7 dBFS peak

	Notification sounds
	–23 to –29 dB RMS / –15.8 dBFS peak

	XDK Launcher sounds (development kits only)
	–24 to –30 dB RMS / –18 dBFS peak

	Guide sounds
	–18 dB RMS / –12 dBFS peak


To avoid dramatic and abrupt volume shifts between various activities, Xbox 360 also provides default attenuation on many other user-controlled system audio elements. As we will discuss momentarily, game-triggered elements have no such attenuation unless the game chooses to apply it.
	Sound Type
	Default Attenuation
	Attenuation
Range
	Comments

	Guide music playback
	–12 dB
	–96 to 0 dB
	User can set via slider to a level from 
–96 to 0 dB.

	Dashboard  music playback
	–12 dB
	–96 to 0 dB
	User can set via Guide slider to a level from 
–96 to 0 dB.

	Xbox Music Player (XMP) playback 
[in-game]
	–12 dB
	–96 to 0 dB
	Includes streamed audio from shared devices, Windows Media Connect, and locally ripped MP3/WMA content. Adjustable via XMPSetVolume.

	DVD movie playback
	0 dB
	No user control
	DVDs are played back as authored; no attenuation controls are provided to the user via the Guide.

	MCE videos
	0 dB
	No user control 
	Videos streamed from a Windows Media Connect PC have no attenuation applied (though MCE itself provides volume controls in some scenarios).

	Game trailers

	0 dB
	No user control
	Game trailers and other cut-scene formats play as authored.

	Game demos
	0 dB
	No user control
	Game demos, as with other Xbox 360 executable content, play back as authored (game has full control over sound levels).

	Xbox 360 games
	0 dB
	(Under game control)
	Game has full control over sound levels.

	Xbox 360 voice
	0 dB
	–96 to 0 dB
	User can set via hardware slider to a level from –96 to 0 dB.


In-Game Audio Levels on Xbox 360

The Xbox 360 departs significantly from Xbox as far as default audio levels; namely, no attenuation is applied by default. The original Xbox applied 6-dB or 12-dB headroom. With this lack of headroom, the ability to unintentionally clip (attempt to deliver an audio signal that is greater than 0 dBFS) is increased; play two full-scale waves, and the output will be clipped. For this reason, titles should use caution when balancing wave playback.
Clipping on Xbox 360 is actually somewhat less of a problem than on previous platforms, due to its use of floating-point representations for audio rather than integer math. Whereas on an Xbox or a Windows PC, intermediate mixing steps could lead to clipping, Xbox 360 is content to work with values greater than 1.0 (that is, greater than 0 decibels full scale) within the various processing stages. Only at the point where audio is delivered by the mastering voice for multichannel encoding and downmixing is the potential for clipping present.
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Figure 1. Potential clipping concerns (red) with integer mathematics (top) versus Xbox 360 floating-point representations (bottom). In the top diagram, clipping can occur as voices are mixed together (plus signs) or even internally if insert- or send-style DSP effects add any gain to the signal. In the bottom diagram, gain levels can go arbitrarily high, and clipping will still only occur at encode.
The temptation might be to simply place a compressor effect in the Xbox 360 mastering voice. While this is likely a good idea to avoid clipping in the final stage, there are still various good reasons to attenuate earlier in the signal chain:
· Better control over what is given the most prominence in the mix. If the audio signal gets to the mastering voice and the music is overpowering, compressing the whole mix won’t markedly improve the title.

· Many existing DSP effects are designed to clamp to 0 dBFS.

Downmixing and Clipping

A frequently asked question is how content is downmixed such that five nearly full-scale speaker signals won’t cause the stereo or mono downmix to be clipped. The reference Dolby Pro Logic II downmix that the Xbox 360 performs is designed with stereo and mono in mind, and will attenuate the signal slightly to avoid the most objectionable forms of clipping given pre-authored multichannel content. However, this system was not designed for mono or stereo content placed in all speakers. 
To approximate the analog output signal amplitude, you can take the peak volumes for each channel over an audio frame and derive the approximate Lt (Left Total) and Rt (Right Total) amplitude peaks via these formulas [assumes 90-degree phase shifters eliminate all cancellation; courtesy Dolby Laboratories]:

Lt = L + (C – 3 dB) + (LS – 1.2 dB) + (RS – 6.2 dB)
Rt = R + (C – 3 dB) + (RS – 1.2 dB) + (LS – 6.2 dB)
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Figure 2: Dolby Pro Logic II encoder diagram (courtesy Dolby Laboratories).

The danger of clipping, even with the reductions in these other channels, is further encouragement to leave sufficient headroom in the mix to avoid signal saturation, both within a single channel and across the total mix.
Note that the above formulas clearly illustrate the dangers of clipping when doubling mono or stereo content in all speakers. A mono channel authored at full scale and placed in all directional speakers would in fact create severe clipping in the Dolby Pro Logic II downmix:
Lt
= 0 dB + –3 dB + –1.2 dB + –6.2 dB

= 1 + 0.7 + 0.87 + 0.49 (in XAudio attenuation multiplier units
)

= 3.06 (or +9.7 dBFS)

For this reason, perhaps even more so than the aesthetic issues with non-positioned audio data coming from all speakers, mono and stereo data should not be blindly doubled in all speakers. Recommended options are:

1. Author 5.1 or 4.0 content whenever possible.

2. Consider restricting mono/stereo data to mono/stereo speakers rather than doubling. It’s acceptable to use the rear speakers uniquely, keeping in mind how they will fold back down for stereo playback.
3. Consider using DSP effects such as delays or reverb to fill out the soundscape rather than doubling.

4. Do not double in the center channel; reserve the center for screen-anchored (or 3D-positioned) sounds, not statically omni-directional sounds.
5. Consider reducing the volume of doubling in the rear speakers by 6 dB or more.

6. Consider authoring content with headroom in all cases. The earlier recommendation in the paper to limit some peak levels to –12 dBFS would fit nicely into the above formula, where 10 decibels of headroom would be sufficient to typically avoid clipping even when doubling in all speakers.

Note that the LFE channel is used only in the Dolby Digital 5.1 output; the LFE channel is not used by any of the analog downmixes. But titles should not ignore the .1 channel, as it provides a valuable opportunity to provide more audible intensity to players with surround sound systems.

Finally, we consider mono downmixing, which is provided when users have an RF A/V pack, or when they have selected ”Mono” from the Dashboard’s audio settings screen. Mono downmixing also uses the Dolby standard fold-down, which uses Lo (Left Only) and Ro (Right Only) to provide its mixdown
. Unlike Dolby Pro Logic II, phase shifting is not used to distinguish the surrounds, and the surrounds channels are not mixed into their opposite front channel equivalents.
Lo = L + C(–3 dB) + Ls(–3 dB)

Ro = R + C(–3 dB) + Rs(–3 dB)

Mono = (Lo + Ro)/2

Because Lo and Ro will always have lower amplitudes than Lt and Rt, non-clipping Dolby Pro Logic II signals should never clip on mono. Therefore, monitoring the Dolby Pro Logic II mix is typically sufficient unless a title wants to optimize elements specifically for mono playback.

Monitoring

While we encourage the monitoring of actual physical analog and digital output from the console, the Xbox 360 Development Kit does include a peak/RMS DSP effect that will allow for purely digital monitoring of the actual audio frames throughout the audio chain prior to final output. This effect is demonstrated in many of the audio samples, and is the basis for the Audio Console Application’s LED meter displays. Using the peak/RMS effect can help titles determine what their typical and maximum levels are, as well as if they should be adjusted. The peak meters can also be used to easily detect the potential for clipping (multiple sequential samples at or above 0 dBFS). The effect can be placed in any arbitrary effect path, allowing for monitoring at multiple stages in the playback and mixing processes as desired.
Summary
We hope this discussion of how Xbox 360 handles amplitudes and general mixing best practices allows you to create the most immersive, high dynamic-range audio mix for your title. To reiterate the key recommendations presented above:

· Using dialog as a reference, target –12 dBFS for typical peaks, and –22 to –26 dBFS for long-term A-weighted output levels (Leq(A)).

· Use provided sounds such as the Xbox 360 boot sound as a further level reference guide when balancing your title.

· Beware of clipping; it is the title’s responsibility to provide enough headroom to allow for multiple sounds to play at once without saturating.

· Avoid full-scale doubling of mono or stereo data in all speakers, which can lead to clipping in the analog downmix.

· In addition to monitoring the Dolby Digital 5.1 mix, monitor the analog outputs to confirm that a title is not clipping in the Dolby Pro Logic II downmix.

If you have any additional questions, comments, or feedback, please feel free to contact xboxds@xbox.com.
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� Where 0 dBFS is equivalent to “clipping” in the digital domain.


� Conversion from decibels to XAudio amplitude-based volume units can be performed by using the XAudioDecibelsToVolume function.


� Note that at launch, Xbox 360 incorrectly uses the Dolby Pro Logic II signal to generate its mono mix as (Lt+Rt)/2. This can lead to a ”blind spot” on mono systems for sounds positioned directly behind the user, as the phase-shifted left and right surround signals cancel each other out. This is corrected in a system update.
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