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Overview

With the utilization of the psychoacoustical concept of loudness in conjunction with an accurate simulation of the human
inner ear, annoying inconsistencies in volume can be eliminated and the listener allowed to enjoy watching television or
listening to music at their chosen volume level without worrying about sudden unintelligible or earsplitting volumes.

The Problem

Broadcast signals received by TV sets and set-top boxes come from several providers, each of which transmits their
audio content at dissimilar levels. With the large amount of channels currently available on cable and satellite TV
packages, the inconsistency in the perceived loudness from channel to channel increases and has become a cause of
annoyance for users worldwide. Moreover, within each channel, audio levels can change dramatically. For instance,
commercials tend to be substantially louder than programming in order to capture the viewer’s attention at the expense
of abrupt and displeasing changes in audio levels.

Traditional automatic gain controls (AGCs) are simplistic and control the volume level by detecting the input signal level
and then adjusting the entire signal. This typically generates undesirable artifacts, such as “breathing” where the noise
floor rises and falls drastically along with the signal level and “pumping” where low levels signals are lost. Additionally,
traditional AGCs can produce unsatisfactory dialog fluctuations and listener fatigue.

The Solution

SRS TruVolume is based on human loudness perception models and multi-band signal analysis. TruVolume doesn’t
produce undesirable artifacts. Most importantly, TruVolume maintains the reference volume level, resulting in a superior
audio experience with clear dialog and no listener fatigue.

SRS TruVolume is a new approach to automatic gain control systems designed to offer the listener a consistent and
comfortable listening experience regardless of the level changes that occur in the audio material. Unlike traditional
approaches to automatic gain control, TruVolume utilizes the psychoacoustic concept of loudness in conjunction with an
accurate simulation of the human inner ear. As such, TruVolume constantly monitors and adjusts the level of the audio
signal, so that its perceived loudness remains consistent with the intended reference level set by the user by means of
the common volume control.
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Figure 1 — TruVolume Block Diagram

As shown in figure 1, the stereo signal is used in a side-chain psychoacoustic analysis process to determine the proper
gain to be applied to the direct path of the stereo signal. The results of SRS TruVolume processing can be seenin .
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Figure 2 — Effects of SRS TruVolume with differing Television Program and Commercial Levels

Pre-processing and Periodicity / Noise Analysis

The pre-processing stage gathers preliminary energy information from both channels and determines, through a
specialized algorithm, a dominant channel to be used for the remainder of the signal analysis. The audio on this
channel is then dissected to ensure that background noise and effects are not changed in level. The result is a more
enjoyable listening experience than if all audio content is uniformly raised or lowered.
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Psychoacoustic Analysis Stage

In the psychoacoustic analysis stage, a sophisticated nonlinear multiband model of the human hearing system is
employed to analyze the loudness characteristics of the incoming sound in the same manner as our ears do. The
principals of perceived loudness and auditory filters, described below, are utilized.

Perceived Loudness

Loudness is the psychological or subjective measure of sound intensity, going from quiet to loud. When we listen to
different types of audio material it is this subjective quantity of loudness that we utilize in order for our ears to categorize
the intensity of the various sounds presented to them and generate a listening sensation.
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SRS TruVolume uses this information to more accurately judge how loud the sound is perceived, and applies this
knowledge to maintain a consistent perceived loudness through all audio content.

Auditory Filters

The peripheral auditory system behaves as if it contained a bank of band-pass filters that have continuously overlapping
center frequencies, as shown in Figure 4.

Within our cochlea, each location along the basilar membrane corresponds to the center frequency of a given filter,
which responds to a range of frequencies. The bandwidth of each filter is known as a critical band.
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the same energy contained in one or fewer critical bands. TruVolume properly employs a state-of-the-art model of such
an auditory structure to ensure an accurate measurement of the perceived loudness of any audio content.

The psychoacoustic analysis of the loudness characteristics is performed in a block-by-block basis and the output of
this stage is a level change value to be applied to the current audio block being processed. The block size is variable
and can be adjusted by the licensee to suit their needs.

Gain Control Stage

Once the necessary level change has been calculated, a specialized gain control algorithm applies the obtained level
change to the audio signal path on a sample-by-sample basis. This change in level is performed in a smooth manner to
guarantee the most natural hearing experience.

Modes of Operation

SRS TruVolume offers two processing modes: Normal and Light. When the mode is set to Normal, SRS TruVolume
responds more aggressively to level changes. SRS TruVolume responds less aggressively to level changes when the
mode is set to Light.

Figure 5 — Switching TV channels with TruVolume Normal Mode

Multichannel Support and Other Specifications

SRS TruVolume is available in two input / output configurations: Stereo TruVolume supports mono and stereo,
Multichannel TruVolume supports any configuration from 1.0 to 7.1. There are seven sampling rates supported for
Stereo TruVolume: 48 kHz, 44.1 kHz, 32 kHz, 24 kHz, 22.05 kHz, 16 kHz, and 8 kHz. Only three sampling rates, 48
kHz, 44.1 kHz, and 32 kHz, are supported for Multichannel TruVolume. The supported bit-depths are floating-point, 32-
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bit fixed-point, and 24-bit fixed-point for internal processing. Audio of any bit depth up to 32-bits can be supported for
/0. Block sizes range from 160 to 512 by steps of 8 samples and from 512 to 1008 by steps of 16 samples.

Processing Requirements

Assuming a block size of 256 samples, 24- and 32- bit implementation, the support of seven sampling rates, and that
processing is not done in place, TruVolume requires 3.9k of data memory and 15.5 MIPS. The amount of delay
introduced by the algorithm is ~5.8 ms. The number of bands taking part in the analysis is controllable and can be
adjusted based upon the speaker size configuration, if known, which in turn could decrease the above mentioned
processing requirements.

Conclusion

By employing an advanced algorithm that models the way our ears and brain perceive loudness, SRS TruVolume allows
the consumer to Set desired volume level once to enjoy television, music, and all other content without annoying volume
fluctuations. TruVolume will ensure the consumer’s desired volume level is maintained consistently without producing
undesirable artifacts. The result is a natural-sounding, superior audio experience with clear dialog and no listener
fatigue. For more information about TruVolume and how to become a licensee, please visit
http://srslabs.com/contactus.
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