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mentary systems In which a main signal path is pri- madly responsible for
conveying high level signals The present Invention relates generally to
audio  and a side chain or side path signal with the system noise reduction
and signal processing systems. In  characteristic (A-type or spectral
recording, respec- particular, the invention relates to the problem of en-
5   tiveiy) is additively combined with the main signal in coding audio
signals In such a way that substantially  the encoding mode and
subtractively in the decoding \-"  full complementarty is obtained when
using decod-  mode, whereby an overall complementary action is ers designed
for one type complementary encode/de-  obtained. code system while
permitting compatible decoding      In spectral recording, a multi-stage
series ar- with decoders designed for use with another type   10  rangement
is used with staggered regions of dynamic complementary encode/decode
system, or without    action. The high-level and mid-level stages have both
any special decoders at all, while minimizing audibly  high frequency and
low frequency sub-stages with a objectionable side-effects.
crossover frequency of 800 Hz. The low-level stage In its preferred
embodiments, the invention is di-  has only a high frequency sub-stage,
with an 800 Hz rected to the processing of audio signals recorded in  15
high pass characteristic. In the spectral recording en- motion picture
sound tracks. However, the principles  coder, each stage has a low-level
gain of about 8 dB, of the invention are not limited to the motion picture
such that when the outputs of the stages are com- sound environment and
also may be applied to other  bined with the main signal path a total
dynamic effect audio recording and reproduction environments.    of about
16 dB is obtained at low frequencies and 24 Within the past ten years or so
an increasing   20  dB at high frequencies. The reciprocal characteristic
number of motion pictures have been made with     Is provided in the
spectral recording decoder. sound tracks encoded with A-type noise
reduction, a   In the A-type system, a single stage is used In
complementary system developed by Dolby Labora-   which the outputs
ofthefourbandsare combined with tories which requires a decoder to obtain
its full ben-  the main signal path in such a way as to produce a efits.
The use of A-type noise reduction for motion   25  low-level output from
the encoder which is uniformly picture sound tracks Is described in 'The
Production  10 dB higher than the input signal up to about 5 kHz, of
Wide-Range, Low-Distortion Optical Soundtracks  above which the level
increases smoothly to 15 dB Utilizing the Dolby Noise Reduction System," by
loan  higher at 15 kHz. The reciprocal characteristic Is pro- Allen, J.
SMPTE, September 1975, Vol. 84, No. 9, pp.  vided in the A-type decoder.
720-729. Over ten thousand motion picture theaters  30  Afurther difference
between A-type noise reduc- around the world are equipped with A-type noise
re-  tion and spectral recording is the manner In which dy- duction
decoders. Currently, about forty percent of all  namic action Is provided.
In the A-type system, the dy- motion pictures produced in the United States
have A-  namic action in each of the four frequency bands Is type encoded
sound tracks.                         provided by a fixed band circuit In
which the signal The basic elements of A-type noise reduction are  35  gain
varies essentially uniformly across each partic- described In uAn Audio
Noise Reduction System," by  ular band In response to signals within the
frequency Ray M. Dolby, J. Audio Eng. Soc., October 1967, Vol.  band. In
other words, In an A-type expander, the dy- 15, No. 4, pp. 383-388. Various
A-type noise reduc-  namic action within each band Is a variable, but flat,
tion products (encoders, decoders, enooder/decod-  low level cut across the
entire band. #    ers) are manufactured and sold by Dolby Laborator-  40
In the spectral recording system, the dynamic ac- ies. A-type noise
reduction employs four frequency  tion Is provided by an action
substitution technique bands: band 1, 80 Hz lowpass; band 2, 80 Hz to 3 kHz
that combines, In a synergistic manner, the character- bandpass; band 3, 3
kHz high-pass; and band 4, 9  istic actions of fixed band and sliding band
(variable kHz high-pass.                                    filter)
circuits operating In each of the sub-stages. Recently, the originators of
A-type noise reduc-  45  The action substitution technique and the use of
sin- tion introduced and began marketing an Improved au-  gle-pole filters
to allow a broad overlapping of action dio signal processing system,
spectral recording. This  above and below the 800 Hz crossover frequency,
new system is described In "The Spectral Recording  provides an overall
dynamic action that is highly con- Process," by Ray Dolby, J. Audio Eng.
Soc., Vol. 35,  formable to signals virtually anywhere In the frequen- No.
3, March 1987, pp. 99-118. Various spectral re-  50  cy band. In
otherwords, the spectral recording encod- cording products (encoders,
decoders, and encod-   ing action is highly frequency selective and
adaptive er/decoders) are manufactured and sold by Dolby   by virtue of its
action substitution of fixed band and Laboratories. Spectral recording
employs two fre-  sliding band elements operating in broadly overlap-
quency ranges with a broadly defined crossover fre-  ping frequency bands;
the overall effect is essentially quency of 800 Hz, such that there is a
substantial  55  that of variable width and variably positioned frequen-
overlap.                                          cy bands, an almost
infinitely variable characteristic Spectral recording bears some
similarities to A-  that adapts itself to both the level and frequency con-
type noise reduction. For example, both are comple-  tent of the signal. In
contrast, the A-type system, 2    
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non-varying frequency bands, each    decoding (non-decoded playback) would
likely also having fixed band dynamic action, has a characteris-  result in
subjectively annoying audible effects. How- tic that adapts Itself only In
a limited way to signal lev-  ever, in accordance with the teachings of the
Inven- el and frequency content.                          tion such
apparent incompatibility can be overcome. Another difference in the
characteristics of spec-   5  Listening tests indicate that audible effects
relat- tral recording and the A-type system is that spectral  ing to system
compatibility problems may be charac- recording employs level dependent
low- and high-   terized as: (1) apparently steady-state effects, name-
frequency anti-saturation, providing in the encoded  ly, changes in
frequency content of the reproduced signal a gentle roll-off in the low and
high frequency  signal as, forexample, lowfrequencyorhighfrequen- regions
that increases as the signal level rises in order  so  cy emphasis, and (2)
dynamic effects, usually refer- to reduce the possibility of overloading
the medium  red to as "pumping," whereby signals and/or noise In on which a
spectral recording encoded signal is re-  one part of the frequency
spectrum vary in level in ac- corded or transmitted at frequency extremes
where  cordance with the level of a signal in another part of the ear is
less sensitive to noise. Also, spectral re-  the spectrum. The extent to
which the ear tolerates cording employs low- and high-frequency spectral
15  such effects is, of course, level dependent if the ef- skewing, an
abrupt and deep reduction In the low- and  fect is at a sufficiently high
level it is not acceptable. high-frequency extremes of the encoded signal,
pri-    Preferably, dynamic effects should be eliminated manly for the
purpose of reducing the susceptibility  or minimized because such
instability in the repro- of the spectral recording decoder to any
uncertainties  duced signal is more readily perceived by the listener in
the low- and high-frequency extreme regions of the   20  than are
steady-state effects. Steady-state effects recording or transmission
medium. Both anti-       are less Ilkelyto be noticed by most listeners
because saturation and spectral skewing are complementary  there is no
changing sound to attract the ears atten- In the spectral recording system;
complementary de-  tion. Even to critical listeners steady-state effects
anti-saturation and spectral de-skewing are provided  may seem attributable
to differences in the sound In the decoder.
25   mix. Of course, a direct A/B comparison between fully In order to
benefit from the improved perfor-   complementary encoding/decoding and a
partially mance and characteristics of spectral recording, such
complementary compatible arrangement would re- as Its Improved dynamic
range, lower noise modula-  veal some differences In the reproduced signal.
How- tion, Improved transient response, and greatly re-  ever, In a
practical situation, such a comparison is not duced low- and high-frequency
saturation, it would be   30  available and the only audible cues are those
in the desirable to employ that new system rather than A-ty-  reproduced
signal itself. For example, It has been pe noise reduction in the
production and playback of  found that balanced steady-state low- and high-
motion picture sound tracks. Of particular benefit for  frequency response
effects tend to be overlooked by use on motion picture optical
(photographic) sound  the ear. Thus, to the extent that the spectral
recording tracks is the substantially improved low- and high-  35  roll-off
of the low- and high-frequency regions of the frequency overload margin
provided by spectral re-  encoded signal is not restored by A-type or
non-de- cording.                                           coded playback,
the balanced or symmetrical effect Adoption of spectral recording for
motion picture  on the frequency spectrum makes the resulting play- sound
tracks would present no problems if spectral  back acceptable to most
listeners. recording encoded sound track motion picture films   40  In
cases where dynamic stability Is not achieved were supplied only to motion
picture theaters having  and there are low level dynamic effects in the
pres- spectral recording decoders. However, two factors  ence of primary
signals, it has been found that the severely restrict that approach: 1)
motion picture pro-  most subjectively uncomfortable audible effects are
ducers prefer, whenever possible, to release a film in  those resulting
from signal deficiencies rather than "single inventory' (for example, all
prints of a specific  45  excesses in the portion of the reproduced signal
suf- film are A-type encoded, even those prints supplied  fering such low
level dynamic effects. Such signal de- to theaters not having A-type
decoding equipment),  ficiences are often referred to as a 'suck-our
effect. and 2) in view of the very large number of theaters  Under such
conditions level variations or pumping having A-type decoders, single
Inventory films must  that causes low level signals to drop further In
level, be compatible with those A-type decoders.     50  as from an audible
to an inaudible level, are particu- In view of the various differences
between the A-  larly disturbing to the ear. Thus, a generalized state-
type and spectral recording systems, it would appear,  ment of an
underlying principle of the present inven- upon first analysis, that the
systems are not compat-  tion is that if the encoder always provides at
least as ible, in the sense that reproduction of spectral record-  much or
a surplus of signal at each frequency when Ing encoded audio signals by
A-type decoders would  55  the signal Is decoded as in the original signal
before likely result in subjectively annoying audible effects.  encoding,
the ear tends to be satisfied. This principle It would also appear that the
reproduction of spectral  may be referred to as the principle of signal
sufficien- recording encoded audio signals without any special  cy. In
other words, If there is any decode error, it 3    



5                   -EP 0 379 613 B1                6 should be positive so
as to provide an excess of sig-  tain signal conditions that cause audible
pumping nal; the ear Is more tolerant of an excess rather than  and/or
signal suck out In the 80 Hz to 3 kHz A-type a deficiency of signal.
band 2. The encoding characteristics of the spectral re-   Consider, for
example, the application to a spec- cording system provide an excellent
starting point for   5   tral recording encoder of input signals including
sig- generating an encoded signal that meets the require-  nals in the 80
Hz to 3 kHz range. For low level signals ments of the principle of signal
sufficiency. This is be-  below its threshold, the spectral recording
encoder cause spectral recording provides highly frequency  (compressor)
provides 1 6dB of boost at low frequen- selective compression during
encoding: the compres-  cies and 24 dB of boost at high frequencies.
Boosting sor tends to keep all signal components fully boosted   lo  of low
level signals narrows the dynamic range, re- at all times; when the
boosting must be cut back at a  suiting in signal compression. The amount
of signal particular frequency, reduction in boost essentially is
compression is reduced in accordance with the spec- not extended to
low-level signal components at other  tral recording encoder's compression
law in a rela- frequencies. The audible effect of this type of corm-
tively narrow frequency range at and near the fre- pression Is that the
signal appears to be enhanced   15  quency of signals exceeding the encoder
threshold. and brighter but without any apparent dynamic corm-  The highly
frequency selective or adaptive nature of pression effects (the ear detects
dynamic action pri-  the spectral recording encoder assures that the en-
madly by the effect of a gain change due to a signal  coder's dynamic
action Is restricted to a relatively nar- component at one frequency on a
signal component   row frequency range in which dynamic action is re- at
some other frequency, somewhat removed). As a   20  quired due to the
presence of signals above threshold consequence, spectral recording encoded
signals re-  in that frequency range. produced with no special decoding
whatsoever are      With respect to A-type playback, for low level sig-
free of pumping effects for nearly all signal conditions  nals below its
threshold, the A-type decoder (expan- because of the compressor~s frequency
adaptive-    der) in band 2 provides about 10 dB of signal reduc- ness
(dynamic action occurs substantially only at fre-  25  tion uniformly
across the 80 Hz to 3 kHz band. Reduc- quencies requiring such action and
nowhere else)   ing the level of low level signals widens the dynamic and
thus are discernible to a critical listener as corm-  range, resulting in
signal expansion. The amount of pressed signals only because there are
changes in  signal expansion throughout band 2 is reduced In ac- the low
frequency and high frequency emphasis (a   cordance with the A-type
decoder's expansion law in maximum of 16 dB compression at low frequencies
3o  response to the presence of signals above threshold and 24 dB at high
frequencies).                    anywhere within band 2. Since band 2 is
relatively In accordance with the underlying principle of this  wide, it is
likely that signals above threshold located invention, it has been found
that signal deficiencies in  in one part of band 2 that control the dynamic
expan- the order of a few decibels, say 2, 3, or 4 dB of low  sion action
will cause audible pumping of other low level signals, such as low level
ambiences, in the   35  level signals and noise contained with the original
sig- presence of primary or dominant signals, are audibly  nal in the
frequency range of band 2 priorto encoding, acceptable to most listeners,
but that larger deficien-  asthe gain throughout band 2varies uniformly
across cies, in the order of 6 or 12 dB are not acceptable to  the band.
Such pumping, in the direction of signal most listeners. In contrast, it
has been found that sig-  such out, is likely to be audible for certain
signal con- nal surpluses of 10, 12, 15 dB or even more of such   40
ditions because band 2 is so wide in frequency that low level signals in
the presence of primary signals  the signal controlling the dynamic action
cannot ef- are generally acceptable to most listeners. Thus, in  fectively
mask the modulation of other signals and accordance with the principle of
signal sufficiency,  noise in band 2 as the gain of the entire band varies.
the playback arrangement may be considered to be       As mentioned above,
many A-type sound track compatible with an encoder if at any frequency or
45  encoded motion pictures have been released in sin- time the low level
signals or ambiences in the pres-  gle inventory, despite the fact that not
all theaters ence of primary signals in the reproduced signal are  have
A-type decoding equipment. Such non-equip- no less than afewdB below the
original signal and are  ped theaters typically employ sound systems de- no
more than some 10 to 15dB above the original sig-  signed to play films
conforming to the so-called nal. This question of compatibility relates to
low level  5o  "Academy" monophonic (mono) format, developed in signals in
the presence of primary or dominant sig-  the 19300.. As is well known, a
considerable amount nals because it is such low level signals that are pr-
of treble cut is applied when optical sound tracks are marilymanipulated
bytheA-type and spectral record-  played back in such theaters. This high
frequency ing systems. In those systems high level primary or  roll-off,
referred to as the Academy characteristic, dominant signals are
substantially unaffected.  55   produces an attenuation of at least 20 dB
at 9 kHz. If a spectral recording encoded signal is played  Subjectively,
the roll-off provided by the Academy back using an A-type decoder the
results conform   characteristic brings the tonal character of a A-type
generally to the above stated principle except for cer-  encoded track
essentially back to normal. The low 4    



7                   EP0379613B1                    8 level boosting of high
frequency components In the  played back by Academy mono systems. Since
A-ty- encoding process adequately compensates for the    pe encoding per se
and spectral recording encoding high frequency Academy roll-off. Low
frequency, low  per se provide generally acceptable playback by level
signals will be left In the boosted condition, but  Academy mono systems, a
degree of A-type encod- this effect is noticeable only when a track is
switched   5   ing along with modified spectral recording encoding directly
from A-type decoding to Academy replay.   also provides the same sort of
acceptable results. \S'  Consequently, A-type encoded films sound accept-
As with current practices, the decision regarding able to most listeners
when played In *Academy    the release of a particular film in a single
inventory monou theaters and film-makers often make the judg-  format,
employing an encoding arrangement accord- ment that a single Inventory
release is appropriate.   10  Ing to the Invention, would be based on the
artistic Spectral recording encoded films, although hav-  and business
judgment of the film-maker. Ing a greater amount of compression than A-type
en-   According to one aspect of the present invention, coded films, also
sound acceptable to most listeners  a modified A-type encoder and a
modified spectral when played In Academy mono" theaters. In fact, the
recording encoder are placed In series to provide the greatercompression
maybe beneficial In the environ-  15  encoded audio signal for application
to an audio ment of most "Academy monow theaters in that such  transmission
or recording channel, such as a motion theaters tend to have high ambient
noise levels from  picture sound track. The encoders are modified prin-
noisy air conditioning systems and/or are part of a  cipally with respect
to their dynamic action, such that multi-screen theater complex in which
sound from ad-  each provides roughly two-thirds of the maximum Jacent
auditoria is audible. In addition, the highly fre-  20  compression
provided in their standard, unmodified quency selective encoding In the
spectral recording  form. Alternatively, a modified A-type encoder and a
compressor results in less likelihood of audible pump-  modified spectral
recording encoder are placed in ing than with an A-type encoded sound
track.      parallel to provide an encoded audio signal. Accord- ing to
this parallel alternative, the encoders are also Summary of the Invention
25  modified principally with respect to their dynamic ac- tion and, In
addition, the A-type encoder may also be The Invention as claimed is
intended to remedy  modified so as to operate only with a single band, the
above explained problems and Its object Is to pro-  band 2. For
convenience, these arrangements in gen- vide an encoder having a
characteristic action suit-  eral will be referred to as whybrid encoding.
able for substantially full complementary playback in  30  In practice,
continuous encoding with the full hy- an audio signal transmission or
recording system us-  brid encoding characteristic may not be necessary ing
decoders designed for one type complementary  under all signal conditions
and It may be acceptable encode/decode system while permitting compatible
to encode using a normal unmodified spectral record- decoding with decoders
designed for use with an-   ing encoder under some or most signal
conditions other type complementary encode/decode system, or  35  while
employing hybrid encoding, or some degree of playback without any special
decoders at all.     hybrid encoding, only during signal conditions that In
accordance with the teachings of the present  cause undesirable audible
effects in the playback Invention, encoding arrangements are disclosed that
system. Accordingly, in accordance with another as- substantially retain
the improved characteristics of  pect of the invention, the encoder may be
variable. g    the spectral recording process when spectral record-  40  In
principle, a variable encoder may be achieved Ing decoders are used, while
achieving reproduction  by providing means to control the characteristic
ac- audibly acceptable to most listeners when A-type de-  tion determining
circuit parameters of the modified A- coders are used. Simply stated, the
invention pro-  type and spectral recording encoders In the hybrid vides,
at least for certain input signal conditions, for  encoder. However, a more
practical way of providing the addition of some degree of the A-type
encoding   45  variable encoding is byway of an arrangement having
characteristic to a modified spectral recording char-  two paths, each
receiving the signal to be encoded. acteristic so that when the signal is
reproduced by an  The first path includes the series connected modified
A-type decoder the principle of signal sufficiency is  A-type encoder and
modified spectral recording en- not violated. The problem overcome relates
mainly to  coder, or, alternatively, the parallel connected ar- the
deficiencies occurring in the reproduced signal  6o  rangement. The second
path includes a standard, un- due to the action of band 2 of the A-type
decoder, as  modified spectral recording encoder. Compensation described
above. By adding a sufficient amount of A-  for any phase differences In
the two paths may be type encoding, pumping and suck out effects in band
provided. A variable combining means receives the 2 are restricted to an
extent essentially unnoticeable  outputs of the two paths and selects the
output of one to the ear.                                  a6  path or the
other or some additive combination of the In addition, the encoding
arrangements of the  two paths. In practice, with a variable encoder, the
present Invention continue to permit reproduction au-  standard, unmodified
spectral recording encoder dibly acceptable to most listeners for sound
tracks  path preferably would be the normal mode of opera- 5    



9                    P 0 379 613 B1                10 tion except during
difficult passages that cause audi-  tion of the encoding characteristic of
the other type ble side-effects when the encoded signal is played
complementary encodeldecode system, means for back using anA-type decoder.
During such passages,  coupling the first and second encoder means to pro-
some amount of the hybrid encoding path is selected.  vide hybrid encoder
means having a hybrid encoding The extent to which one path or another is
selected,   5   characteristic action combining aspects of the two or even
whether the normal mode of operation ex-   encoding characteristic actions,
and means for apply- cludes any contribution from the hybrid path, is an
ar-  ing audio signals processed by the hybrid encoder tistic choice to be
made by the producers of the re-  means to a signal transmission or
recording medium cording. The degree of compatibility with A-type de-
which feeds a playback arrangement that Includes a coders may, after some
period of years, become less  10  decoderof the one typeorthe othertype
complemen- important as substantial numbers of theaters Install  tary
encode/decode system or no complementary en- spectral recording decoders,
leaving equipped with  code/decode system decoder. The first and second
A-type decoders only those theaters with less of a  encoder means may be
coupled in series or in paral- critical Interest in sound quality.
1el. Also, the characteristic actions of the firstand sec- It should be
understood that the encoding ar-  15  ond encoder means may be varied to
provide a vari- rangements according to the present invention are for  able
encoder. In preferred embodiments the first en- use in making an encoded
signal to be decoded by an  coding characteristic action of the first
encoder end user, as for example a motion picture sound track  means Is a
modification of an A-type characteristic to be played when a film Is
exhibited in a motion plc-  action and the second encoding characteristic
action ture theater. Thus, the encoding arrangements ac-  20  of the second
encoder means Is a modification of a cording to the present invention are
intended for a sin-  spectral recording characteristic action. The first
as- gle record/playback generation. They are not Intend-  peat of the
Invention may also be embodied in an en- ed to be used, for example, In
connection with the pro-  coding/decoding system. duction of professional
sound recordings in which     According to a second aspect of the
invention, a multi-generation recordings require that the decoded   25
variable encoder has a characteristic action suitable signal Is as close to
the original signal Input as possi-  for substantially full complementary
playback in an ble.                                              audio
signal transmission or recording system using In the production of motion
picture sound tracks  decoders designed for one type complementary en-
according the teachings of this invention, it Is likely,  code/decode
system while permitting compatible de- for convenience, that not only the
actual motion pic-  30  coding with decoders designed for use with another
turefilmsound track itself butalso the so-called mdub-  type complementary
encode/decode system, or play- bing mastern will be recorded with a type of
hybrid en-  back without any special decoders at all. The variable coding.
A dubbing master is the master sound track  encoder comprises first circuit
means including first recording, usually recorded on magnetic tape, from
encoder means having a first encoding characteristic which the optical
sound track Is made. When the dub-  35  action, which characteristic action
is a modification of bing master is hybrid encoded, a hybrid decoder will
the encoding characteristic of the one type comple- be demanded by users in
order to verify the originally  mentary encode/decode system, second
encoder recorded sound. Accordingly, the Invention also pro-  means having
a second encoding characteristic ac- vides for hybrid decoding apparatus
suitable for accu-  tion, which characteristic action is a modification of
rately decoding a signal that has been hybrid encoded   40  the encoding
characteristic of the other type comple- according to any of the teachings
of the present inven-  mentary encode/decode system, means for coupling
tion.                                             the first and second
audio processing encodermeans Thus, stated more generally, in accordance
with  to provide hybrid encoder means having a hybrid en- one aspect of the
Invention, a "hybrid" encoder has a  coding characteristic action combining
aspects of the characteristic action suitable for substantially full  45
two encoding characteristic actions. The variable en- complementary
playback in an audio signal transmis-  coder further comprises second
circuit means includ- sion or recording system using decoders designed for
ing third encoder means having an encoding charac- one type complementary
encode/decode system        teristic action of the one type complementary
en- while permitting compatible decoding with decoders  code/decode system,
and means for variably select- designed for use with another type
complementary  5o  Ing audio signals processed by the first circuit means
encodeldecode system, or playback without any spe-  and the second circuit
means and applying the audio cial decoders at all. The hybrid encoder
comprises  signals to a signal transmission or recording medium first
encoder means having a first encoding charao-  which feeds a playback
arrangement that Includes a teristic action, which characteristic action is
a modifi-  decoder of the one type ortheothertype complemen- cation of the
encoding characteristic of the one type  55  tary encode/decode system or
no complementary en- complementary encode/decode system, second en-
code/decode system decoder. The first and second coder means having a
second encoding characteris-  encoder means may be coupled In series or in
paral- tic action, which characteristic action is a modifica-  lel. In
preferred embodiments the firstencoding char- 6    



11                UEP 0 379 613 B1                 12 acteristic action of
the first encoder means Is a mod-  ure 5. If ication of an A-type
characteristic action, the sec-  Figure 7 is a functional block diagram of
a com- ond encoding characteristic action of the second en-  plementary
system that Includes the hybrid encoder coder means Is a modification of a
spectral recording  according to the embodiment of Figure 1. characteristic
action, and the third encoding charac-   c  Figure 8 is a functional block
diagram of a com- teristic action is a spectral recording characteristic
ac-  plementary system that includes the series hybrid en- tion. The second
aspect of the invention may also be  coder according to the embodiment of
Figure 2. embodied in an encoding/decoding system.              Figure 9 is
a functional block diagram of a com- The documents EP-A-0 206 732 and
EP-A-0 206    plementary system that Includes the variable encoder 746
disclose compressors sand expanders for use in  lo  according to the
embodiment of Figure 3. noise reduction compandersystems. In the document
Figure 10 is a functional block diagram of a com- EP-A-0 206 732, the
encoding compressor derives an  peimentary system that includes the
variable hybrid output by variably selecting signal components from
encoder according to the embodiment of Figure 4. a compressor having
variable attenuation throughout   Figure 11 is a functional block diagram
of a com- all or part of the frequency band (a 'fixed band" char-  15
plementary system that includes the parallel hybrid acteristic) and from a
compressor having variable at-  encoder according to the embodiment of
Figure 5. tenuation through part of the frequency band ach-     Figure 12
is a functional block diagram of a com- ieved by a variable pass filter (a
"sliding band" char-  plementary system that Includes the parallel hybrid
acteristic). In the document EP-A-0 206 746, the en-  encoder according to
the embodiment of Figure 6. coding compressor derives an output from series
or  20 parallel configurations of fixed band and sliding band  Detailed
Description of the Invention characteristic circuits. The purpose and
result of the arrangements in these documents are to provide fully
Referring now to the drawings, Figure 1 is a func- complementary
compressors and expanders having    tional block diagram of an
encoding/decoding audio a new characteristic which is neither a fixed band
25  system according to one aspect of the Invention, em- characteristic nor
a sliding band characteristic but  bodying a hybrid encoder according to
this aspect of which has the advantages of fixed band characteris-  the
invention. The audio input signal is coupled to a tics and sliding band
characteristics, without the dis-  hybrid encoder 10 and the hybrid encoder
output is advantages normally Inherent In each characteristic.  coupled to
a transmission or recording channel. Hy- Unlike the present invention, the
arrangements of  30  brid encoder 10 includes a first encoder 12 having a
these documents are not Intended to provide nor do  first characteristic
action and a second encoder 14 they result In an encoding characteristic
suitable for  having a second characteristic action. Encoders 12
substantially full complementary playback by a de-  and 14 are coupled such
that the audio Input signal is coder having a characteristic complementary
to only  coupled first to the Input of the first encoder 12, which one of
the encoder characteristics taken by itself, or  35  in turn has its output
coupled to the Input of the sec- by playback without any special decoders
at all.  ond encoder 14. The output of the hybrid encoder 10, from the
second encoder 14, is coupled to the trans- Brief Description of the
Drawings                 mission or recording channel. The hybrid encoding
characteristic action is a hybrid or composite of the Figure 1 Is a
functional block diagram of the ap-  40  first and second characteristic
actions, combining as- paratus according to one aspect of the present
inven-  pects of the two characteristic actions. The encoded tion,
employing a series hybrid encoder.          audio signal from the
transmission or recording chan- Figure 2 I a functional block diagram of a
prefer-  nel is coupled to a decoder 16 that has a characteris- red
embodiment of the aspect of the Invention shown  tic action similar to the
complement of the first or sec- in Figure 1.
45  ond characteristic action of the encoders 12 and 14. Figure 3 is a
functional block diagram of the ap-  The audio output signal Is derived
from decoder 16. paratus according to another aspect of the present in-
Alternatively, the reproduction arrangement may in- vention, employing a
variable encoder that Includes a  dude no decoder. series hybrid encoder.
Encoders used in the present Invention provide Figure 4 is a functional
block diagram of a prefer-  so  dynamic range compression and may,
alternatively, red embodiment of the aspect of the invention shown  be
referred to as compressors: the dynamic range of in Figure 3.
signals applied to each encoder is reduced by the en- Figure 5 is a
functional block diagram of the ap-  coder. Decoders used in the present
invention pro- paratus according to a further aspect of the present  vide
dynamic range expansion and may, alternative- invention, in which the
encoders in the hybrid encoder  us  ly, be referred to as expanders: the
dynamic range of are arranged in parallel.                         signals
applied to each decoder is increased by the Figure 6 is a functional block
diagram of a prefer-  decoder. The overall encoding/decoding system may,
red embodiment of the parallel hybrid encoder of Fig-  alternatively, be
referred to as a companding system. 7    



13                 EP 0 379 613 B1                 14 In practice, the
decoder 16 isthestandard, unmo-  stage Is used in which the summed outputs
offourfre- difled decoder of one of two possible companding  quency bands,
constituting the side path signal, are systems and the first and second
encoders (12, 14)  combined with the main path signal. The maximum are
modifications of the standard encoders used in  level boostof theA-type
encoderis reduced by reduc- the two companding systems. Modifications are
5   ing the relative signal contribution of the side chain made to the
encoders 12 and 14 so as to achieve   with respect to the main path. This
is easily accom- v   compatibility, In the sense discussed above in con-
plIshed, for example, by changing, at the input of the nection with the
principle of signal sufficiency, when  side chain/main path summing
amplifier, the value of the hybrid encoded signal is reproduced by either
of  the summing resistor in either the side chain signal the two possible
unmodified decoders or by a repro-  lo  path or the main signal path.
duction system using no decoder.                     In a standard spectral
recording encoder, the Figure 2 Is another functional block diagram
maximum level boost, for low level Inputsignals below showing a preferred
embodiment of the aspect of the  the encoder threshold, is about 16 dB at
low frequen- invention shown In Figure 1. Elements In Figure 2 re-  cies,
rising to 24 dB at high frequencies. As modified lated to those in Figure 1
are labeled with prime marks  15  for use as either encoder 12' or encoder
14', the max- for convenience and clarity. Throughout this docu-  Imum
level boost of the spectral recording encoder is ment prime marks are used
to denote related ele-  reduced from 16 dB to 10 dB at low frequencies and
ments In the various Figures. The decoder 16' prefer-  from 24 dB to 16 db
at high frequencies. ably has either a standard, unmodified A-type or a
Assetforth In greaterdetail in the abovecited pa- standard, unmodified
spectral recording decoding   20  per ("The Spectral Recording Processm),
spectral re- 'Zi   (expander) characteristic action, and the encoders
cording encoders comprise two stages, with stag- 12' and 14' have modified
A-type and modified spec-  gered thresholds, In series at low frequencies
and tral recording encoding (compressor) characteristic  three stages, with
staggered thresholds, In series at actions. Alternatively,, the
reproduction arrangement  high frequencies. In their standard form, each
spec- may be an Academy monophonic system that in-  25  tral recording
encoder stage provides a maximum cdudes no decoder. Listening tests
indicate that it Is  boost of 8dB, thus providing 16 dB of boostatlowfre-
preferable that the first encoder 12' has the modified  quencles and 24 dB
of boost at high frequencies. It A-type characteristic action; however, the
reverse ar-  has been found that for the best results in the hybrid
rangement may also provide satisfactory results for  encoder of the present
Invention that the gain Is pre- some listeners. Accordingly, the invention
is not lim-  30  ferably reduced by different amounts in each of the Ited
to employing the modified A-type characteristic  stages: 8 dB to 6 dB In
the high level stage (the stage action In the first encoder 12' rather than
the second  with the highest threshold level), 8 dB to 6 dB In the encoder
14'.                                       mid-level stage, and 8 dB to 4
dB in the low level The A-type and spectral recording characteristic
stage. actions employed in encoders 12' and 14' are "modi-  35  As in the
A-type system, the spectral recording fledw principally In the sense that
the maximum com-  system also uses the arrangement in which a side presslon
of each device is reduced toabouttwo-thirds  path signal is combined with a
main path signal. Con- of the maximum compression provided by an unmo-
sequently, the maximum level boost of the spectral difled A-type or
spectral recording encoder. This ex-  recording encoder may also be changed
by altering ,-   tent of modification has been found to satisfy the re-  40
the side path/main path signal contributions. Be- quirements of the
principle of signal sufficiency, ex-  cause the spectral recording circuit
employs multiple plained above. The fundamental mode of operation  stages,
the relative signal contribution of the side and characteristic actions of
the modified" encoders  chain with respect to the main path must be changed
are otherwise unchanged from standard A-type and  in each stage. This too
Is easily accomplished, for ex- spectral recording encoders. Alternatively,
the modi-  45  ample, by changing, at the Input of the side fied A-type
encoder 12' may be modified so as to   chain/main path summing amplifiers
of the three sta- function only as a band 2 encoder, inasmuch as the  ges,
the value of the summing resistor in either the most significant
compatability problems relate to the  said chain signal path or the main
signal path. A-type band 2, as discussed above.                    The
above modifications In low level signal boost In a standard A-type encoder,
the maximum level  5o  provide insufficIent low level signal expansion
under boost, for low level Input signals below the encoder  certain signal
conditions when hybrid encoded sig- threshold, is about 10 dB at low
frequencies, rising to  nals are reproduced using an A-type decoder, thus
15 dB at high frequencies. As modified for use as en-  providing a surplus
of low level signal. However, this coder 12', or encoder 14' If placed
second In the ser-  surplus is, at most, about 8 dB; well within the limits
ies arrangement, the maximum level boost of the A-  55  suggested by the
principle of signal sufficiency. type encoder Is reduced from 10 dB to 6 dB
at lowfre-  When hybrid encoded signals are reproduced using a quencies and
from 15 dB to 10db at high frequencies.  spectral recording decoder, there
Is too much low lev- As mentioned above, in the A-type system, a single  el
signal expansion under certain signal conditions, a    



15                  EP 0 379 613 B1                 16 thus causing an
insufficiency of low level signal. How-  encoder 12 and the second encoder
14, as described ever, this insufficiency Is, at most about 2 dB and only
in connection with Figure 1. A second path 20 with a in a portion of the
frequency spectrum. This Is also  second circuit therein also receives the
audio input within the limits suggested by the principle of signal  signal
and Includes a third encoder that has a third sufficiency.
5   characteristic action similar to either the first or sec- Although
these modifications in low level gain  ond characteristic action of the
encoders 12 and 14. have been found to satisfy generally the principle of
Continuing the description of Figure 3, a variable signal sufficiency and
to provide acceptable compa-  combining means 24 has one input coupled to
receive tibility when the hybrid encoded signal is played back  the output
of the first circuit from hybrid encoder 10 using either a standard
spectral recording decoder or  lo  and has a second input coupled to
receive the output a standard A-type decoder, other modifications of the
of the second circuit from third encoder 22. The out- encoders 12' and 14'
are possible within the teach-  puts of the circuits In the two paths are
combined In ings of the present invention.                     variable
proportions by the variable combining means In practice, continuous
encoding with the full hy-  24. Variable combining means 241I Illustrated
as a re- brid encoding characteristic provided by the encoder  16  sistor26
with its ends connected to the two inputs and 10 and 10' of Figures 1 and
2, respectively, may not  an adjustable wiper 28 connected to the output of
va- be necessary under all signal conditions and it may be  riable
combining means 24. The position of wiper 28 acceptable to encode using a
normal unmodif led en-  is adjusted In response to the control signal on
line 30. coder undersome or most signal conditions while em-  The resistor
and wiperare shown in mechanical terms ploying hybrid encoding, or some
degree of hybrid en-  20  for clarity, although itwill be appreciated that
a purely coding, only during signal conditions that cause unde-  electron
ic arrangement can be employed. sirable audible effects in the playback
system. Ac-    The output of the variable combining means 24 is cordingly,
the encoder may be variable.            coupled to the transmission or
recording channel. The In principle, a variable encoder may be achieved
variable encoding characteristic action Is variable un- by providing means
to control the characteristic ac-  25  der the control of the control
signal 30 and may vary, tion determining circuit parameters of the two
encod-  at one extreme, from solely the hybrid characteristic ers (12 and
14 or 12' and 14') in the hybrid encoder.  action (when the wiper 28 is at
Its extreme position di- For example, with respect to the embodiment of
Fig-  rectly to the input derived from the circuit In the first ure 2, a
variable encoder may be provided by using  path) to, at the other extreme,
solely a characteristic variable resistance elements for the various
summing   3o  action similar to one of the two characteristic actions
resistors mentioned above. Suitable variable resis-  used in forming the
hybrid (when the wiper 28 is at its tance elements are FET's operated along
their linear  other extreme position, directly to the input derived
characteristic, as is well known, and controlled in tan-  from the circuit
in the second path) or some combin- dem, such as by a ganged potentiometer
(pot). At one  ation of the two extremes (when the wiper 28 Is at extreme
position of the pot, thefirst encoder 12or the   35  some intermediate
position). The control signal 30 modified A-type encoder 12' would function
simply  may be derived In various ways, including a manual, as a unitary
gain buffer amplifier (the side path con-  operator actuated source ora
source totally or partial- tribution of the A-type encoder would be reduced
to  ly independent of operator Intervention. The encoded zero, leaving only
the main path which does not affect  audio signal from the transmission or
recording chan- the Input signal) and the second encoder 14 or the   40
nel Is coupled to a decoder 16 that has a characteris- modified spectral
recording encoder 14' would each  tic action that Is similar to the
complement of the first function as normal unmodified encoders. Atthe other
or second characteristic action of the encoders 12 extreme of the pot, the
first and second encoders (12  and 14. The audio output signal is derived
from de- and 14, 12' and 14') would function as described in  coder 16.
Alternatively, the reproduction arrange- the embodiments of Figures 1 and
2, respectively.    45  ment may include no decoder. Amore practical way of
providing variable encod-   In practice, the decoder 16 is the standard,
unmo- ing is the arrangement according to the embodiments  dified decoder
of one of two possible companding of Figures 3 and 4. Figure 3 is a
functional block dia-  systems, the first and second encoders (12, 14) are
gram of an encoding/decoding system according to   modifications of the
standard encoders used in the this further aspect of the Invention,
embodying a va-  5o  two companding systems, and the third encoder 22 is
riable encoder according to this aspect of the inven-  a standard encoder
used in one of the two compand- tion. Elements in Figure 3 that correspond
to those in  ing systems. Modifications are made to the encoders Figure 1
bear the same reference numerals. This con-  12 and 14 as in the embodiment
of Figure 1. However, vention Is used throughout this document identical
the embodiment of Figure 3 differs from the embodi- elements employ the
same reference numerals. The  55   ment of Figure 1 in that It recognizes
that one of the variable encoder 11 has a first path 18 with a first cir-
standard, unmodified encoder characteristics is pre- cuit therein receiving
the audio input signal. The first  ferred whenever possible and that
compatibility prob- circuit includes the hybrid encoder 10, having the
first  lems tend to arise only during certain passages or 9    
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audio input signal. Accordingly, the  ly monitored by an unmodified
spectral recording de- third encoder characteristics may be taken to
provide  coder, an unmodified A-type decoder, and, If desired, the encoding
characteristic most of the time and the  by an Academy monophonic
reproducing arrange- standard, unmodified characteristics of that third en-
ment. In response to conditions as perceived by a hu- coder may be diluted
only some of the time by the   5   man operator, by machine, or by some
combination of characteristic of hybrid encoder 10. In the extreme  human
operator and machine, the control signal may i   case, the hybrid encoder
characteristic may be chos-  be changed so as to cause the variable
combining en to the exclusion of the third encoder characteristic.  means
to select some proportion (all, at the extreme) The embodiment of Figure 3
thus provides a flexible  of the hybrid encoderoutput in orderto Improve,
In the arrangement in which, at the extremes, either the hy-  io  judgment
of the record producer or film-maker, the brid encoder or one of the
unmodified encoders pro-  compatible reproduction of the encoded signal
when vides the overall encoder output, or some combina-  decoded by a
standard, unmodified A-type decoder tion of those extremes. The choice Is
preferably made  (and also, perhaps, when played by the Academy in
accordance with the principle of signal sufficiency,  mono arrangement),
while taking Into account the re- discussed above.
15  production of the encoded signal by the unmodified Figure 4 shows a
preferred embodiment of the    spectral recording decoder. As discussed
above, the aspect of the invention shown in Figure 3. The decod-  principal
problem in the motion picture film sound en- er 16' preferably has either a
standard, unmodified A-  vironment is with respect to signals in band 2 of
the type or a standard, unmodified spectral recording de-  A-type decoder.
Thus, reproduced signals In thatfre- coding (expander) characteristic
action. In the var-  20  quency range should be closely monitored. able
encoder 11, the encoders 12' and 14' have        Ifthecontrol signal 30
Isunderthecontrol of a hu- modified A-type and modified spectral recording
en-  man operator, the person in charge of the recording coding
(compressor) characteristic actions, and the  may make the artistic and
technical judgment that for encoder 22' has a standard, unmodified spectral
re-  a particular segment of audio Input signal, the audio cording encoding
(compressor) characteristic action.  25  output signal as decoded by the
A-type decoder (or, Alternatively, the reproduction arrangement may be  in
an unusual case, as played by the Academy mono an Academy monophonic system
that inciudes no de-  arrangement), Is unsatisfactory. Accordingly, the
coder. As discussed above in connection with Figure  control signal is
changed such that the variable com- 2, It is believed to be preferable that
the first encoder  bining means selects a sufficient proportion of the hy-
12' has the modified A-type characteristic action;  30  brid encoder output
that the person In charge Is sat- however, the reverse arrangement may also
provide  isfied that any audible problems In the reproduced satisfactory
results. Accordingly, the invention is not  signal from the A-type decoder
are eliminated or re- limited to employing the modified A-type characteris-
duced to an acceptable level while assuring that the tic action In the
first encoder 12' rather than the sec-  reproduction of the segment through
the spectral re- ond encoder 14'. Encoders 12' and 14' are modified   35
cording decoder Is virtually indistinguishable from a as explained above in
connection with the embodi-  signal reproduced from a pure spectral
recording en- ment of Figure 3. Means for compensating for phase  coded
signal. The variable combining means then re- differences between the
parallel paths In the embodi-  turns to its default condition afterthe
segment. It may ments of Figures 3 and 4 may be provided as neces-  be
possible to automate or partially automate the sary.
40   practice by monitoring certain parameters in the de- In the embodiment
of Figure 4, the preferred    coded signal and by controlling the control
signal 30 manner of operation Is that the variable combining  in response
to such parameters, with or without oper- means default condition is such
that it selects only or  ator Intervention. primarily the output of the
third encoder22', the stan-  It will be apparent that the apparatus is
capable dard, unmodified spectral recording encoder. Thus,  45  of
operating in ways other than the preferred way set unless the variable
combining means 24' is caused by  forth herein. For example, the default
condition of the the controi signal 30' to select a greater proportion of
variable combining means 24 could be selected to be the hybrid encoder
output from the first path, the out-  other than the full, or nearly full
spectral recording put from the variable combining means applied to the
condition. Another possibility is that no default condi- transmission or
recording channel is entirely or pri-  50  tion is provided and that an
optimum condition for the marily a standard spectral recording encoded
signal.  variable combining means 24 is continuously sought In that way,
the encoded signal applied to the trans-  as the audio input signal
changes. Also, as discussed mission channel or recording channel is
preferably a  above, although a variable encoder according to this pure
spectral recording encoded signal most of the  Invention is preferably in
accordance with the em- time so as to obtain the full benefits of the new
spec-  55   bodiments of Figures 3 and 4, variable encoding may tral
recording system when the encoded signals are  also be provided by varying
the characteristic control- reproduced using a spectral recording decoder.
ling circuit parameters of the embodiments of Figures In practice, the
encoded signal should be careful-  1 and 2. 10    
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shown and described in  plementary system that Includes the hybrid encoder
connection with the embodiments of Figures 1 and 3,  according to the
embodiment of Figure 1. Comple- and the hybrid encoder 10', shown and
described in  mentary decoding is provided by a hybrid decoder 34
connection with the embodiments of Figures 2 and 4,  in which a second
decoder 38, having a characteristic may be modified so as to arrange the
series connect-   5   action complementary to that of the second encoder ed
encoders of those embodiments in a parallel ar-  14, receives the hybrid
decoder 34 Input from the "    rangement. Figure 5 Is a functional block
diagram of  transmission or recording channel. The output of de- a hybrid
encoder 10" in which the first encoder 12 and  coder 36 Is applied to a
first decoder 38, having a second encoder 14 are arranged In parallel. The
au-  characteristic action complementary to that of the dio input signal Is
applied to both encoders 12 and 14  io  first encoder 38. The audio output
signal, essentially and their outputs are additively combined In a sum-
identical to the audio Input signal to the hybrid decod- ming means 32 to
provide the output. The parallel hy-  er 10, is provided by decoder 38.
brid encoder 10" may be substituted for the series hy-  Figure 8 is a
functional block diagram of a comr- brid encoder 10 in Figures 1 and 3.
Figure 6is afuno-  plementary system that indudes the hybrid encoder tlonal
block diagram of a hybrid encoder 10"' in which  15  according to the
embodiment of Figure 2. Comple- the modified A-type encoder 12' and
modified spec-  mentary decoding is provided by a hybrid decoder 34' tral
recording encoder 14' are arranged in parallel.  in which a modified
spectral recording decoder 36', The audio input signal is applied to both
encoders 12'  having a characteristic action complementary to that and 14'
and their outputs are additively combined in  of the modified spectral
recording encoder 14', re- a summing means 32 to provide the output. The
par-  20  ceives the hybrid decoder 34' Input from the transmis- allel
hybrid encoder 10"' may be substituted for the  slon or recording channel.
The output of decoder 36 series hybrid encoder 10' in Figures 2 and 4.
Means  is applied to a modified A-type decoder 38, having a for
compensating for phase differences between the  characteristic action
complementary to that of the parallel encoders of Figures 5 and 6 may be
provided  modifiedA-type encoder38. The audio output signal, as necessary.
The parallel hybrid encoders 10" and  25  essentially identical to the
audio input signal to the hy- 10"' may also be variable as discussed above
in con-  brid decoder 10', Is provided by decoder 38'. nection with the
series embodiments of Figures 1 and  Figure 9 is a functional block diagram
of a com- 2.                                               plementary
system that includes the variable encoder As In the series arrangements of
the embodi-  11 according to the embodiment of Figure 3. Comple- ments of
Figures 1 through 4, the hybrid encoding   30  mentary decoding is provided
by placing the encoder characteristic actions of the parallel arrangements
of  11 of the embodimentof Figure 3 in the negative feed- Figures 5 and 8
are a hybrid or composite of the char-  back loop of a high gain amplifier
40 to provide a de- acteristic actions of the two encoders, combining as-
coder 42. It is well known to provide a complementary pects of their two
characteristic actions. Because of  decoder by placing an encoder in the
negative feed- the different way in which the two characteristic ac-  35
back loop of a high gain amplifier. Because the vari- tions combine when
the encoders are in parallel, the  able combiner 24 can assume various
conditions, maximum level boosts of the parallel encoders desir-  some
means to link the control lines 30 between the ably may be different
(usually greater) than the boost  encoder and decoder portions of the
companding of the encoders when arranged in series. In a further  system
must be provided, as Indicated by the dashed -    modification to the
parallel arrangement of Figure 6,  40  line between the two control lines.
One possible way the modified A-type encoder 12' may be modified so  to do
so is to record or transmit a control track signal as to function only as a
band 2 encoder, inasmuch as  conveying Information as to the control 30
along with the most significant compatibility problems relate to  the
encoded signal. The audio output signal, essen- the A-type band 2, as
discussed above. Moreover, a  tially identical to the audio input signal to
the variable special band 2 may be incorporated into the modified  45
encoder 11, is thereby provided by decoder 42. spectral recording encoder,
whereby Its input Is fed  Figure 10 is a functional block diagram of a com-
from the Input to the spectral recording compressor  plementary system that
includes the variable encoder stages and its output Is combined with the
outputs of  11 ' according to the embodiment of Figure 4. Comple- the
spectral recording compressor stages.        mentary decoding Is provided
by placing the encoder As mentioned above, there may be circumstanc-  50
11' of the embodiment of Figure 4 In the negative es, such as in the
production of a motion picture  feedback loop of a high gain amplifier 40.
As In the sound track dubbing master, under which it is desired  embodiment
of Figure 9, some means must be provid- to provide complementary decoding
of the hybrid en-  ed to link the control lines 30so thatthe decoder prop-
coded signal. The embodiments described herein-  erly tracks the encoder.
The audio output signal, es- after provide for full complementary decoding
of en-  65  sentially identical to the audio Input signal to the va- coded
signals produced according to the embodi-  riable encoder 11', Is thereby
provided by decoder ments described above.                           42'.
Figure 7 is a functional block diagram of a com-  Figure 11 is a functional
block diagram of a com-    21                 EP 0 379 613 B1
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plementary system that includes the parallel arrange-  as the output of the
encoder except that some ment of encoders according to the embodiment of
Fig-  amount of the output of the hybrid encoder means urn 5. Complementary
decoding by a decoder 44 is     is also selected during input signal
conditions that provided by placing the encoder 10" of the embodi-   cause
audible side-effects when the encoded ment of Figure 5 in the negative
feedback loop of a   5  signal produced by the third encoder means Is high
gain amplifier 40.                               played back using a
decoder complementary to Figure 12 is a functional block diagram of a com-
said second encoder means. plementary system that includes the parallel
arrange- ment of encoders according to the embodiment of Fig-  4. An
encoder according to any of the preceding ure 6. Complementary decoding by
a decoder 44' is  10  claims, wherein the encoder always provides at
provided by placing the encoder 10"' of the embodi-  least as much or a
surplus of signal at each fre- ment of Figure 6 in the negative feedback
loop of a   quency when the signal is encoded and decoded high gain
amplifier 40.                              as in the original signal before
encoding. Complementary systems including the alterna- tive embodiments of
the variable encoder in which the   15  5. An encoder according to any of
the preceding hybrid encoder portions have parallel encoders in-   claims,
wherein said means for coupling couples stead of series encoders is
achieved by substituting  said first and second encoder means in series.
the parallel hybrid encoders 10" of Figure 5 and 10"' of Figure 6 for the
series hybrid encoders 10 of Figure  6. An encoder according to any of
claims I to 4, 9 and 10' of Figure 10, respectively.        20      wherein
said means for coupling couples said first and second encoder means In
parallel. Claims                                            7. An encoder
according to any of the preceding claims, further comprising means for
controlling 1. An audio encoder for a motion picture soundtrack   25  said
f irst and second encoder means for varying recording system comprising
said first and second encoding characteristic ac- first encoder means (12)
having a first en-  tions, respectively. coding characteristic action,
which characteristic action Is a predetermined modification of the en-  8.
A motion picture soundtrack recording system coding characteristic of one
type of complemen-  3o  comprising an encoder as claimed In any of tary
encode/decode audio noise reduction sys-     claims 1 to 7, comprising tem,
playback means for reproducing signals second encoder means (14) having a
sec-      applied to said motion picture soundtrack. ond encoding
characteristic action, which char- acteristic action Is a predetermined
modification   35  9. A system according to claim 8, wherein said play- of
the encoding characteristic of another type of  back means comprises a
decoder(16) of said one complementary encode/decode audio noise re-
type complementary encode/decode system, duction system,
said other type complementary encode/decode means for coupling said first
and second     system, or no complementary encode/decode encoder means to
provide hybrid encoder means  4o  system decoder. having a hybrid encoding
characteristic action combining aspects of said two encoding charac-  10. A
system according to claim 8, wherein said play- terlstic actions, and
back means comprises a decoder (34, 42, 44) means for recording audio
signals encod-     complementary to said encoder. ed by said hybrid encoder
means on a motion pic-  45 ture soundtrack.
11. A system according to claim 10, wherein said complementary decoder
comprises a high gain 2. An encoderaccording to claim 1, furthercompris-
amplifier having said encoder In Its negative ing third encoder means (22)
having the encoding  feedback path (4Z 44). characteristic action of said
other type of comple-  5o mentary encodeldecode audio noise reduction
system, and means for variably selecting the out-  Patentansprruche putof
the hybrid encoder means and/orthatof the third encoder means as the
encoder output.     1. AudiocodiererfOrein Filmtonspuraufzelchnungs- 55
system, umfassend, 3. An encoder according to claim 2, wherein the nor-
eine erste Codieranordnung (12) mit einer mal mode of operation of the
encoder Is the se-   ersten charakterlstischen Codierfunktion, bei der
lection of the output of the third encoder means  es sich um eine
vorbestimmte Modifikation der 12    21                 EP0379613B1
22 plementary system that includes the parallel arrange-  as the output of
the encoder except that some 



mentof encoders according to the embodimentof Fig-   amount of the output
of the hybrid encodermeans ure 5. Complementary decoding by a decoder 44 is
is also selected during input signal conditions that provided by placing
the encoder 10" of the embodi-   cause audible side-effects when the
encoded ment of Figure 5 In the negative feedback loop of a   5  signal
produced by the third encoder means Is high gain amplifier 40.
played back using a decoder complementary to Figure 12 is a functional
block diagram of a com-  said second encoder means. plementary system that
includes the parallel arrange- mentof encoders according to the
embodimentof Fig-  4. An encoder according to any of the preceding ure 8.
Complementary decoding by a decoder 44' is  lo  claims, wherein the encoder
always provides at provided by placing the encoder 10"' of the embodi-
least as much or a surplus of signal at each fre- ment of Figure 6 in the
negative feedback loop of a  quency when the signal is encoded and decoded
high gain amplifier 40.                              as in the original
signal before encoding. Complementary systems including the alterna- tive
embodiments of the variable encoder in which the   15  5. An encoder
according to any of the preceding hybrid encoder portions have parallel
encoders in-   claims, wherein said means for coupling couples stead of
series encoders is achieved by substituting  said first and second encoder
means in series. the parallel hybrid encoders 10" of Figure 5 and 10"' of
Figure 6 for the series hybrid encoders 10 of Figure  6. An encoder
according to any of claims 1 to 4, 9 and 10' of Figure 10, respectively.
20      wherein said means for coupling couples said first and second
encoder means in parallel. Claims
7. An encoder according to any of the preceding claims, further comprising
means for controlling 1. An audio encoderfora motion picture soundtrack
25  said first and second encoder means for varying recording system
comprising                       said first and second encoding
characteristic ac- first encoder means (12) having a first en-  tions,
respectively. coding characteristic action, which characteristic action Is
a predetermined modification of the en-  8. A motion picture soundtrack
recording system coding characteristic of one type of complemen-  30
comprising an encoder as claimed in any of tary encode/decode audio noise
reduction sys-     claims I to 7, comprising tem,
playback means for reproducing signals second encoder means (14) having a
sec-     applied to said motion picture soundtrack. ond encoding
characteristic action, which char- acteristic action is a predetermined
modification   35  9. A system according to claim 8, wherein said play- of
the encoding characteristic of another type of  backmeanscomprisesa
decoder(16)ofsaid one complementary encode/decode audio noise re-
type complementary encode/decode system, duction system,
said other type complementary encode/decode means for coupling said first
and second    system, or no complementary encode/decode encoder means to
provide hybrid encoder means  40  system decoder. having a hybrid encoding
characteristic action combining aspects of said two encoding charac-  10. A
system according to claim 8, wherein said play- teristic actions, and
back means comprises a decoder (34, 42, 44) means for recording audio
signals encod-    complementary to said encoder. ed by said hybrid encoder
means on a motion pic-  45 ture soundtrack.
11. A system according to claim 10, wherein said complementary decoder
comprises a high gain 2. An encoderaccording to claim 1,furthercompris-
amplifier having said encoder in Its negative Ing third encoder means (22)
having the encoding  feedback path (42, 44). characteristic action of said
other type of comple-  50 mentary encode/decode audio noise reduction
system, and means for variably selecting the out-  Patentansprilche put of
the hybrid encoder means and/or that of the third encoder means as the
encoder output.    1. Audiocodiererfurein Filmtonspuraufzelchnungs- 55
system, umfassend, 3. An encoderaccording to claim 2, wherein the nor-
sine erste Codieranordnung (12) mit elner mal mode of operation of the
encoder Is the se-   ersten charakteristischen Codlerfunktion, bel der
lection of the output of the third encoder means  es sich um sine
vorbestimmte Modifikatlon der 12 l   11111111111111111    23
EP 0 379 613 B1                24 Codierkennlinie einer Art eines
komplementfaren  7. Codlerer nach einem der vorhergehenden An- 



.Codler/Decodler-Audiorauschminderungssyst       sprflche, ferner umfassend
aine Einrichtung zur ems handelt,
Stbuerung der ersten und der zwelten Codleran- elne zwelte Codieranordnung
(14) mit el-    ordnung zur Veranderung der ersten charakteri- ner zweiten
charakteristischen Codlerfunktion,   5  stischen Codlerfunktion bzw. der
zwaiten cha- bei der es sich um sine vorbestimmtb Modifika-
rakteristischen Codierfunktion. tion der Codlerkennlinba einer anderen Art
sines komplementaren Codier/Decodier-Audborausch-   8.
Filmtonspuraufzeichnungssystam,  umfassend minderungasystems handelt,
anen Codierer nach einem der Ansprflche 1 bis sine Anordnung zum Koppeln
der ersten  lo   7, umfassend und der zweiten Codieranordnung zur Schaffung
Bine Wiedergabeanordnung zur Wleder- Hybridcodieranordnung mit einer
chataktedisti-   gabs von Signalen, die an die Flilmtonspur ange- schen
Hybrid-Codierfunktion, die Aspekte der     legt wurden. belden
charakteristischen Codierfunktbonen kombiniert, und
15  9. System nach Anspruch 8, bel dam die Wibderga- elneAnordnung
zurAufzeichnung von Au-       beanordnung alnen Dekoder (16) der einen Art
diosignalen, die von der Hybridcodieranordnung   von komplementarem
CodiearDecodiersystem, codiert wurden, auf einer Fllmtonspur.           der
anderen  Art von  komplementarem Codier/Decodiersystem oder sin Dekoder
keines 2. Codierer nach Anspruch 1, ferner umfassend ei-  20
komplementaren CodierlDecodiersystsms auf- ne dritt Codieranordnung (22),
die die charakte-  waist. ristische Codierfunktion der anderen Art von
komplementarem Codier/Decodier-Audiorausch-   10. System nach Anspruch 8,
bel dam die Wbaderga- minderungssystem aufweist, sowie elne Anord-
beanordnung einen Dekoder(34,42,44) komple- nung zur variablen Auswahl des
Ausgangssi-  25   mentar zu dam Codierer aufweist. gnals der
Hybridcodleranordnung und/oder des- Jenigen der dritten Codleranordnung als
das Co-  11. System nach Anspruch 10, bei dam der komple-
diererausgangssignal.                            mentare Dekoderalnen
Verstarker mit hoherVer- starkung aufweist, In dessen Gegenkopplungs- 3.
Codlerer nach Anspruch 2, bei dam die normale  30  pfad (42, 44) der
Codierer angeordnet ist. Betriebsart des Codierers dia Auswahl des Aus-
gangssignals der drittan Codieranordnung als Ausgangsslgnal des Codierers
mitderAusnahme   Revendicatlons bat, dal sin Teil des Ausgangssignals der
Hybrid- codieranordnung auch wahrend Eingangssignal-  35  1. Codeur audi
pour un dispositifd'enregistrement zustinden ausgewAhit wird, die horbare
Neben-    de pistb de son de film comprenant: wirkungenverursachen, wenn
dasvon derdritten        - un premier moyan de codeur (12) poss6-
Codleranordnung codierte Signal unter Verwen-         dantune premiAre
action caract6ristique de dung aines Dekoders wiedergegeben wird, der
codage, action caract6ristique qui esat une komplementir zu der zweiten
Codieranordnung   4o      modification pred6tormin6e de la caracte- ist.
ristique de codage d'un type d'un dispositif complementaire de reduction du
bruit par 4. Codlerer nach elnem der vorhergehenden An-
codageld6codage audio; sprfche, bei dem derCodierer Immerwenigstens
- un second moyen de codeur(14) possedant sovisi oder einen OberschuB an
Signai bel jeder  45   une seconde action caracteristique de co- Frequenz
liafert, wie im Originalsignal vorderCo-     dage, action caracteristique
qul esat une mo- dierung enthaltbn st, wenn das Signal codiert
dification pr6d~termin6e de la caracterlsti- und decodiert Ist.
quo de codage d'un autre type de dispositif complementaire de reduction du
bruit par 5. Codierer nach einem der vorhergehenden An-  6o
codage/d6codage audio; sprflche, bei dem die Kopplungsanordnung die
- un moyen de couplage desdits premier et ersat und die zweite
Codieranordnung in Reihe         second moyens de codeur pour constituer
schaltst.                                             un moyen hybrids de
codeur possedant une action caract6ristique hybride de codage 6.
Codieranordnung nach elnem der Ansprflche 1  55       combinant les aspects
desdites deux so- bis 4, bel dam die Kopplungsanordnung die erste
tions caractristiques de codage; et und die zweite Codieranordnung parallel
schal-      - un moyen pour l'enregistrement des as- tot.
gnaux audio codes par ledit moyen hybrde 13                   __    - I
I1III1j 111111 III1! 11111 111111 *c  L  N   s*    



25                 EP0379613B1                    26 de codeur sur une
piste de son de film.      d6codeur de dispositif compl6mentaire de coda-
geld6oodage. 2. Codeur slon la revendication 1, comprenant, de plus, un
trolsieme moyen de codeur (22) posse-  10. Dlspositif selon la
revendicatlon 8, dans loquel le- dant l'action caracteristique de codage
dudit au-   6  dit moyen de lecture comprend un d6codeur (34, tre type de
dispositif complementaire de r6duc-  42, 44) compl6mentaire audit codeur.
tion du bruit par codage/d6codage audio et un moyen pour cholsir, de fagon
variable, la sortie du  11. Disposaitf solon la revendlcation 10, dans
lequel moyen hybrido de codeuret/ou cello du troisieme
leditdecodeurcompl6mentaire comprend un am- moyen de codeur comme sortie de
codeur.  10      plificateur A haut gain possedant ledit codeur dana son
circuit de retroaction n6gative (42, 44). 3. Codeur solon la revendication
2, dans loquel le mode normal de fonctionnement du codeur est constitu6 par
la s6lection de la sortie du troisibme moyon de codeur comme sortie de
codeur A l'ex-  15 coption du fait qu'une certaine quantit6 de la sor- tie
du moyen hybrido de codeur est choisie, de meme, dans des conditions
d'entr6e du signal provoquant des effets secondaires audibles lors- quo le
signal code produit par Is troisieme moyen  20 de codeur est lu A l'aide
d'un decodeur comple- mentaire audit second moyen de codeur. 4. Codeur
selon l'une quelconque des revendica- tions precedentes, dans loquel le
codeur fournit  25 toujours au moins autant ou un exces de signal A chaque
frequence lorsque Is signal eat code et d6code comme pour Is signal
d'origine avant le codage. 30 5. Codeur solon l'une quelconque des
revendica- tions precedentes, dans lequel ledit moyen de couplage couple en
serie lesdits premier et se- cond moyens de codeur. 35 6. Codeur solon
l'une quelconque des revendica- tions 1 A 4, dans lequel ledit moyen de
couplage couple en parallele lesdits premier et second moyens de codeur. ;_
40 7. Codeur solon l'une quelconque des revendica- tions precedentes,
comprenant, de plus, un moyen de commando desdits premier et second moyena
de codeur pour faire varier respective- ment lesdites premiere et seconde
actions carac-  45 teristiques de codage. S. Dispositif d'enregistrement de
piste de son d'un film muni d'un codeurselon l'une quelconque des
revendications 1 A 7, comprenant un moyen de  6o lecture des signaux
appliques A laditb pbate de son de film. 9. Dibpositif selon la
revendicathon 8, dans lequel le- dit moyen de lecture comprend un decodeur
(16)  56 dudit type de dispositif complhmentaire de coda- ge/decodage,
dudit autre type de dispositif complementaire de codage/decodage, ou pas de
14 111111111111111111 11111 111111 *  C  L  M   S  *    


