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the modulated lapped transform (MLT). In the MDCT, the length of the over-
lapping windows is twice that of the block time (shift length of the transform).
Frequency-domain subsampling is performed; the number of time and fre-
quency components equals the shift length of the input time-domain sampled
signal. MDCT also lends itself to adaptive window switching approaches with
different window functions for the first and second half of the window; the
time domain aliasing property must be independently valid for each window
half. Many bands are possible with the MDCT with good efficiency, on the
order of an FFT computation. Many codecs apply a window function to blocks
prior to transformation; this helps minimize spectral leakage of spectral co-
efficients. A window is a time function that is multiplied by an audio block to
provide a windowed audio block; the window shape governs the frequency
selectivity of the filter bank. The overlap/add characteristic minimizes block-
ing artifacts and leakage of spectral coefficients. Digital filters and windows
are discussed in chapter 17.

Hybrid filter banks use a cascade of different filter types (such as polyphase
and MDCT) to provide different frequency resolutions at different frequencies
with moderate complexity; for example, MPEG-1 Layer III encoders use a
hybrid filter with a polyphase filter bank and MDCT. The ATRAC algorithm
used in the MiniDisc, examined in chapter 12, is a hybrid coder that uses
QMTF to divide the signal into three subbands, then each subband is trans-
formed into the frequency domain using the MDCT. Table 10.8 compares the
properties of filter banks used in several low-bit rate coders. ’

MPEG-1 Audio Standard

The International Standards Organizéition and the International Electro-
technical Commission fornied the Moving Pictures Expert Group (MPEG) in
1988 to devise compression techniques for audio and video. This group has

TABLE 10.3 Comparison of filter-bank properties.

Feature Layer 1 Layer2  Layer 3 AC-2 AC-3 ATRAC* PAC/MPAC
Filterbank type PQMF PQMF Hybrid MDCT/MDST MDCT Hybrid MDCT
PQMF/ QMF/
MDCT MDCT
Frequency resolution 750 Hz 750 Hz  41.66 Hz  93.756 Hz 93.75 Hz 46.87 Hz 23.44 Hz
at 48 kHz
Time resolution at 0.66ms 0.66ms 4 ms 1.3 ms 2.66ms 1.3 ms 2.66 ms
48 kHz
Impulse response 512 512 1664 512 512 1024 2048
(LW)
Impulse response — - 896 128 256 128 256
(SW)
Frame length at 48 8 ms 24 ms 24 ms 32 ms 32 ms 10.66 ms 23 ms
kHz

*ATRAC is operating at a sampling frequency at 44.1 kHz. For comparison, the frame length and impulse response
figures are given for an ATRAC system working at 48 kHz.
(Brandenburg and Bost)
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Chapter Ten

developed several highly successful standards. It first devised the ISO/IEC
International Standard 11172 “Coding of Moving Pictures and Associated Au-
dio for Digital Storage Media at up to about 1.5 Mbit/s” for reduced data rate
coding of digital video and audio signals; the standard was finalized in No-
vember, 1992. It is commonly known as MPEG-1. (The acronym is pronounced
“m-peg.”) The standard has three major parts: system (multiplexed video and
audio), video, and audio; a fourth part defines conformance testing. The max-
imum audio bit rate is set at 1.856 Mbps. The audio portion of the standard
(11172-3) has found many applications such as Video CD, CD-ROM, ISDN,
video games, and digital aydio broadcasting. It supports coding of 32, 44.1,
and 48 kHz PCM data at bit rates of approximately 32 to 224 kbps/channel
(64 to 448 kbps for stereo). (Because data networks use data rates of 64 kbps
(8 bits sampled at 8 kHz), most coders output a data channel rate that is a
multiple of 64.)

The ISO/MPEG-1 standard was specifically developed to support audio and
video coding for CD playback within the CD’s bandwidth of 1.41 Mbps. How-
ever, the standard supports stereo bit rates ranging from 64 kbps to 448 kbps,
as well as mono audio coding of 32 kbps. In addition, in the stereo modes,
stereophonic irrelevance and redundancy can be optionally exploited to reduce
the bit rate. Stereo audio bit rates below 256 kbps are useful for applications
requiring more than two audio channels while maintaining full screen motion
video. Rates above 256 kbps are useful for applications requiring higher audio
quality, and partial screen video images. In either case, the bit allocation is
dynamically adaptable according to need. The MPEG-1 standard is based on
a history of research and development of data reduction algorithms.

MUSICAM (Masking-pattern Universal Subband Integrated Coding And
Multiplexing) was an early and successful perceptual coding algorithm. De-
rived from MASCAM (Masking-pattern Adapted Subband Coding And Mul-
tiplexing), MUSICAM divides the input audio signal into 32 subbands and
uses perceptual coding models of minimum hearing threshold and masking to
achieve data reduction. With a sampling frequency of 48 kHz, the subbands
are each 750 Hz wide. Each subband is given a 6-bit scale factor according to
the peak value in the subband’s 12 samples and quantized with a variable
word ranging from O to 15 bits. Scale factors are calculated over a 24-ms
interval, corresponding to 36 samples. A subband is quantized only if it con-
tains audible signals above the masking threshold. Subbands with signals
well above the threshold are coded with more bits, yielding a higher S/N ratio.
In other words, within a given bit rate, bits are assigned where they are most
needed. In addition, a side-chain Fourier spectral analysis is performed on the
input signal to assist in the masking threshold calculations. In this way, the
data rate is reduced, to perhaps 128 kbps per mono channel (256 kbps for
stereo). Extensive tests of 128 kbps MUSICAM showed that the coder achieves
fidelity that is indistinguishable from a CD source, that it is monophonically
compatible, that at least two cascaded codec stages produce no audible deg-
radation, and that it is preferred to very high quality FM signals.

The audio portion of the ISO/MPEG-1 standard can trace its origins to tests
conducted by Swedish Radio in July 1990. MUSICAM coding was judged su-
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