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0. Summary
This document supplements other documents from the ARA concerning audio for both the
video DVD (DVDV) and a pure-audio DVD (DVDA). [2]

This document proposes a new pre- and de-emphasis scheme for material recorded at 96kHz
(or 88.2kHz) using linear PCM. The detail of this method was the original work of the late
Michael Gerzon.

We suggest that this pre- and de-emphasis scheme be absorbed into any revision of the DVD
standard [8], and be incorporated into the thinking behind any pure-audio DVD standard.

We show that the combination of noise-shaping and a new pre-/de-emphasis characteristic for
96kHz (88.2kHz) applications can result in an effective addition of between 2 and 7 bits to
the channel – that is to suggest that for these sampling rates a 16-bit channel is sufficient2.

Compared with other methods of coding, this scheme has the benefits of:

• Very low cost at replay (the de-emphasis can be a simple analogue filter)

• Assured transparency

• Low data rate

• Compatible with existing systems

We believe it should be considered urgently, since the benefits are very substantial.

1. Actions Required
1. We are asking for a change of meaning to the ‘Emphasis’ flag in the DVDV and DVDA

systems to indicate a new pre-emphasis scheme being used for linear PCM when the
sampling rate is 88.2kHz or 96kHz.

The DVD Video Standard 1.0 currently permits the use of the old-fashioned pre-emphasis
to the CD Standard at 48kHz (i.e. an analogue model using 50µS and 15µS time-
constants). We suggest a new emphasis standard that can be used for 88.2kHz and 96kHz.

2. We suggest that the standard for DVD Audio be sufficiently flexible to include a 14-bit
option at 96kHz or 88.2kHz.

                                                     
1 The DVD standard is published by, and copyright of: Hitachi Ltd, Matsushita Electric Industrial Co.
Ltd, Mitsubishi Electric Corporation, Philips Electronics N.V., Pioneer Electronic Corporation, Sony
Corporation, Thompson Multimedia, Time Warner Inc., Toshiba Corporation, Victor Company of
Japan Inc.
2 Actually a 14-bit channel will give a 21-bit dynamic range. The examples given are based on 16-bit
channels since that is the smallest option in the DVD video standard.



2. Extent of discussion and authorship
This document is a proposal from members of Acoustic Renaissance for Audio, a free body
dedicated to advancing audio quality. The signatories, their advisors and all affiliations are
appended in section 9.

3. Introduction to Pre-/De-emphasis
The use of pre- and de-emphasis as a signal-processing method of optimising the subjective
dynamic range of analogue channels is quite familiar to audio engineers. In particular, pre-
and de-emphasis have been used in channels where the analogue noise level showed an
increasing level with frequency, e.g. magnetic tape, shellac or vinyl grooves and FM
broadcast. In all these cases, a well documented property of music and speech is exploited;
namely that for material of acoustic origin, microphoned at normal listening positions, the
average and peak spectrum level declines with frequency above a few kHz. Best use was
therefore made of the channel by pre-emphasising high-frequency signals to an extent where
they were more likely to occupy the capacity of the channel. De-emphasis is applied on
replay or reception and has the dual benefit of reducing noise and distortion from the
preceding chain.

Although the origins of pre- followed by de-emphasis were in analogue systems, the
techniques can be very usefully applied to digital channels. For applications where a link in
the transmission chain requires a smaller word size (e.g. moving a 20-bit recording to CD), it
has been shown in [5] that very real benefit could be obtained by:

• performing pre-emphasis in the digital domain, and

• quantising with a noise-shaper designed to exploit the pre-emphasis curve, and

• performing de-emphasis in the analogue domain (or, otherwise to a large word-size digital
channel).

So far, all linear PCM standards for digital audio permit the use of pre- and de-emphasis; the
universal characteristic being 50/15µS.

This pre-emphasis characteristic allows an increase in subjective dynamic range by boosting
audio frequencies above 3kHz in the transmission channel and attenuating them (and channel
noise) on replay. This pre-emphasis characteristic has not been totally popular with the
recording industry principally because it looses too much high-frequency headroom, and
presents a mastering management issue – ensuring that its use is flagged.

More recently, recordings are being made with larger word-size than the distribution medium
– e.g. it is now commonplace to record 20-bit on sessions.

4. Channel optimisation at 96kHz
Linear and psychoacoustically correct coding methods are known which can improve the
performance of linear-PCM channels, particularly if the distribution channel has a smaller
word-size than the original. The principal methods use noise-shaping at the word-length
reduction process to maintain a highly effective dynamic range.

Noise shaping can also be very effectively combined with pre-/de-emphasis – and is
particularly effective if the noise-shaper design takes account of the pre-emphasis curve. [1]
[3] [5] [6] [7]

This document shows that the combination of noise-shaping and a new pre-/de-emphasis
characteristic for 96kHz (88.2kHz) applications, can result in an effective addition of up to 7
bits to the channel capacity.



For linear PCM systems operating at high sample rates, this technology is important, it
ensures e.g. that a 16-bit channel operating at 96kHz can provide an effective dynamic range
equivalent to 23 bits in a normal 48kHz PCM channel.

5. Pre-/De-emphasis for linear PCM at 88.2kHz or 96kHz
We suggest it is more appropriate for the pre-/de-emphasis characteristic to be:

• described in the digital domain, and

• implemented by a noise-shaper.

The pre-emphasis and noise-shaper characteristics can be implemented with the structure
shown in Fig. 6 and the responses are shown in Fig. 1, and described by:
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k = 73/16 for the pre-emphasis curve and k = 1 for the shaper.

The advantages of this characteristic are as follows:

• Substantially improved high audio-frequency headroom compared to the current pre-
emphasis. (The reduction of headroom is only 2dB at 15kHz compared to 9dB with the
current standard.)

• The pre-emphasis method includes a noise-shaper which gives a 2.2-bit increase in overall
audio dynamic-range when used as a word-length-reduction device.

• Because the noise-shaper has the same shape as the pre-emphasis curve, the output (i.e.
de-emphasised) noise spectrum is ‘white’.

• The de-emphasis can be accurately applied by digital replay devices using a simple FIR
filter. Such a filter has the benefit of not propagating transmission errors.

• The de-emphasis can be very closely matched by analogue replay devices.

• Can be usefully combined at the user’s discretion with appropriately matched high-
advantage noise-shapers, like that shown in Fig. 4.

• The pre-emphasis can be implemented using Autodither or Lossless processing – in which
case their use should be flagged,

Figures 2 and 3 show the overall channel dynamic-range expressed in ‘bits’. The headroom is
reduced at ultrasonic frequencies – note the flat or ‘white’ spectrum of the final noise.

6. Optional application with additional Noise-Shaping
It is not proposed that any additional noise-shaper be standardised, since the replay device
does not have to know the method or that it is being used.

The combination of pre-emphasis and noise-shaper can be implemented with the structure
shown in Fig. 7.

Fig. 4 gives the response of a suitable shaper that could be used in combination with the pre-
/de-emphasis described by Equation 1. This shaper has a characteristic given by:
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Fig. 5 clarifies the way in which the suggested pre-emphasis and example noise-shaper
provide increased dynamic range. The headroom curves at the top show the de-emphasised
response normalised for 16, 20 and 24-bit channels. The lower curve is the noise-spectrum
for the example shaper after correction to allow for the 2.19 bit gain given by the pre-
emphasis scheme (see Fig. 2 and 3). This figure indicates how a 16-bit channel at 96kHz can
give an effective dynamic range of 23 bits in the critical 4kHz region; note also that the
channel is still offering 19-bit performance at 20kHz.

7. Representing 96kHz Pre-emphasis on DVD

7.1 Pre-emphasis indication in Linear PCM Audio

Changes to DVD Spec. 1.0:

1. Table 5.4.2.1-1:

• Change entry under ‘Emphasis’ and 96kHz

• Suggestion: Can be applied according to equation (1) above.
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Figure 1 Showing the proposed pre-emphasis compared to 50µS / 15µS, and the noise-
spectrum resulting from the pre-emphasis noise-shaper.
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Figure 2 Showing the output noise spectrum and headroom for a channel after applying the
proposed pre- and de-emphasis. The graph expresses dynamic range in bits. This example
illustrates a capacity of 18.1 bits at 4kHz for a 16-bit channel – i.e. a perceptual gain of 2.1
bits.
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Figure 3 Showing Figure 2 on a log frequency scale.
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Figure 4 An example of a 6th-order noise-shaper that can be combined with the proposed
pre-emphasis scheme.
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Figure 5 Showing the output noise spectrum and headroom for a channel after combining the
example 2nd noise-shaper with the proposed pre- and de-emphasis. The graph expresses
dynamic range in bits. This example illustrates a capacity of almost 23 bits at 4kHz for a 16-
bit channel – i.e. a perceptual gain of 7 bits.
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Figure 6 Computing structure for the proposed pre-emphasis scheme.
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Figure 7 Computing structure for combining additional noise-shaping with the proposed pre-
emphasis scheme.


