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| 112 mivkd eftheIngentent i ng 90 DELAY LL 1 +| ~~ L stereo signals on two
I nput by 102.. 142 channel s (92, 94)., at |east 92 LR one sjignal_ conponent
being A1 + This inventionarelates touspund reproduction systems involving the decoding

10  of a stereophonic pair of input audio signals into a multiplicity of output signals

o)

for reproduction after suitable amplification through a like plurality of
loudspeakers arranged to surround a listener.
More particularly, the invention concerns an improved set of design criteria -
and their solution to create a decoding matrix having optimum psychoacoustic
15 performance, with high separation between left and right components of the stereo
signals while maintaining non-directionally encoded components at a constant
acoustic level regardless of the direction of directionally encoded components of the
input audio signals.
Additionally, this invention relat_és to the encoding of multi-channel sound
20 onto two channels for reproduction by decoders according to the invention. In |
particular, it relates to improved matrixing coefficients for a 5-2-5 matrix encoder
and decoder system.
Background of the Invention
Apparattxs for decoding a stereophonic pair of left and right input audio
25  signals into a multiplicity of output signals is commonly referred to as a surround
sound decoder or processor. Surround sound decoders work by combining the left

and right input audio signals in different proportions to produce the multiplicity N
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15 SRATE TecBat SREFEE e ARBIETe Ao TRCIs e, so that ail of the
matrix coefficients are real. In the bulk of the work described in this patent-
application, the matrix elements are also real. Real coefficients are inexpensive
and will optimally decode a five channel film encoded with the active encoder
described in this patent.

15 However, real coefficients are not optimal when decoding a film encoded -
from a five channel original using a passive encoder such as the one described in
this application, and are also not optimal when decoding a film made with the
standard four channel encoder of the prior art. A modiﬁcaﬁOn to the decoder
design which will optimally decode such films is also described. Although the

" 20 description is of a phase corrector to the inputs of the decoder, the correction could
also be accomplished by making the matrix elements complex.

In a passive matrix, which is defined as a matrix in which the coefficients
are constant, such as the Dolby Surround matrix; several ideal properties are
‘achieved by suitable choice of the coefficients. These properties include the

25 following:

Signals encoded with a standard encoder will be reproduced by a passive
matrix decoder with equal loudness regardless of their encoded direction.

Signals where there is no specific-encoded direction, such as music that has
been recorded so that the two inputs to the decoder have no correlation, that is,

30 decorrelated signals, will be reproduced with equal loudness in all output -
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This apply.63bjPesi S based upon the U.S. Provisional- Patent gaphdozakisan No.
60/ 058, 169, "‘entitled "5-2-5 Matri x Encoder and Decoder System"” filed
Septenber 5, 1997, which is:a continuation-in-part of U S. Patent
Appli-cation No. 08/742,460 entitled "Miltichannel Active NMatrix Encodsr
and Decoder with Maxi num Lateral 5 Separation,” filed Novenber 1, 1996,
which is a continuation-in-part of U S. Patent Application No. 08/ 684, 948,
entitleg ” NU%lgi channel . .Active Matrix Sound Reproduction with Mxinmm

Lat er al tion," filed July 19, 1996. Field of the Invention This
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referreg to as a surround sound decoder or processor. Surround sound

decoder $PABMASHY & onbi ning the left and right input audio signals in

different pr ' : B lec 41- | e s Been -

Repl aced 11110 STk OIS, SikenoiRd B olBE Kkl Yt onEihchr Bfnele" P
output is provided, which typically is reproduced on more than one loudspeaker, '

ey

15  all such loudspeakers being driven in parallel, so that there is no left-right
separation in the rear channels. However, there is high separation between
signals that are encoded in opposite directions.

Previous patents have described many aspects of active matrix surround
sound decoders for conversion of a stereophonic audio signal pair into multiple

20  output signals. The prior art describes how the apparent direction of a
directionally encoded signal component can be determined from the logarithm of
the ratio of the amplitudes of the component in the left and right channels of the
stereophonic pair, along with the logarithm of the ratio between the sum of these
amplitudes and the difference therebetween. This art will be assumed in this

25 patent application, along with a great deal of art which pertains to smoothing the
directional control signals thus or otherwise derived. We assume that these two
directional control signals exist in a usable form. For the purposes of this
invention, these directional control signals can be possibly derived from directional
information recorded on a subchannel of a digital audio signal.

30 This invention concerns the use to which these directional control signals
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WD 99/12386 PCTI US98/ 18390 r of out,put signals. The various conbi nat i ons
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how these coefficients vary as a function of the directional control signals which
provide directional information as described above. These two coefficients are the
~ matrix elements of a N by 2 matrix, where N is the number of output channels,
20 which completely specifies the character of the decodér. In most prior art these
matrix elements are not explicitly stated, but can be inferred from the descriptions
given. In a particular embodiment they can also be easily measured.

Griesinger, U. S. Patent No. 5,136,650, issued August 4, 1992, gives the

complete functional dependence of each matrix element on the directional control
25  signals.

Since the above-referenced Griesinger patent issued, the film industry has
developed a "five plus one" discrete sound standard. Many theater movie releases
and some home releases are made with soundtracks comprising five separate full
bandwidth audio channels, namely center, left front, right front, left rear, and

30 right rear, with a reduced bandwidth sixth audio channel intended for very low
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channelsk$9¢?Ai e I nput signals are a conbination of -a d|rect|oIH§8§
.encoded conponent and a decorrel ated conmponent there is no change in
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mul ti pl‘gw 20 out put si.gnal s. The prior art describes how the apparent
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t her ebet we s art be assuned in this 25 patent application, along
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t | t th t
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fr di rect |
98 %' g rong vy séeered signal such as dialog is present. This upsets the balance between

such signals and background effects or music, relative to the balance between such
signals in the discrete 5 channel movie theater system. An improved active
encoder described herein is needed to correct the balance between the strongly
steered front signals and music. There is also a need to improve both encoder
20  and decoder performance in regard to left side and right side signals. A further
improvement in the decoder is to limit the effects of abrupt changes in the
directional control signals to provide better dynamic response to rapid changes
therein.
In addition, the present invention constitutes further improvements to the
25  decoder of the previous Griesinger U. S. Patent Applications referenced above.
Summary of the Invention
The present invention is concerned with realization of the active matrix
having certain properties which optimize its psychoacoustic performance.
The invention is a surround sound decoder having variable matrix values so

30  constructed as to reduce directionally encoded audio components in outputs which
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‘directional contraol 25 signals.
15  center-surround steering signal.

;-.

The decoder includes delay circuitry for delaying each of the left and right
audio input signals to provide delayed left and right audio signals; a plurality of
multipliers equal to twice the number of output channels, organized in pairs, a
first element of each pair receiving the delayed left audio signal and a second

20 element receiving the delayed right audio signal, each of the multipliers
multiplying its input audio signal by a variable matrix coefficient to provide an
output signal; the variable matrix coefficient being controlled by one or both of the
steering signals. A plurality of summing devices are provided, one for each of the
plurality of output channels, with each of the summers receiving the output

25 signals of a pair of the multipliers and producing at its output one of the plurality
of output signals. The decoder has the variable matrix values so constructed as to
reduce directionally encoded audio components in outputs which are not directly
involved in i*eproducing them in the intended direction; and so constructed to
enhance directionally encoded audio components in the outputs which are directly

30 involved in reproducing them in the intended direction so as to maintain constant
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changing signal.

Although the invention is primarily described in terms of analog
embodiments, an advantage of the invention is that it can be implemented as a
digital signal processor.

20 An advantage of the present invention is that the design of the decoding
matrix provides high left to right separation in all output channels.

A further advantage of the invention is that it maintains this high
separation regardless of the direction of the dominant encoded signal.

Another ad\}antage of the invention is that the total output energy level of

25 any non-encoded decorrelated signal remains constant regardless of the direction
of the dominant encoded signal.

Another advantage of the invention is that it can reproduce conventionally
encoded soundtracks in a way which closely matches the sound of a 5+1 channel
discrete soundtrack release.

30 Yet another advantage of the invention is that it provides a simple passive
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present . hﬂ?ﬁl S Ehe éPPinF | IvgRtion W?Eﬁ?n@%@@“ﬂ whendbe ackivierfive ded

for | L Sér{doFlE{' il Advalfad £Of i thvendlin AU Wity 3UAEA hase

inclu | recti o’ enco and non- conponents
pl ur al:onrgcmﬁn cmet\purk cnheaimalsm dprimal ypreptodhccomaovie soghdirackls paaddeds

rroun n ea, ;and incorporating circuitry for determning
" MR Pitbn th SR Eh TR el DA VB R0 e gt Hos BrighATS OxBedErar At | og
t her efg o dtp As%ﬁ?é n@at&ﬁf énédd%?twl%ﬁ% 'a@Q @&@%k tﬁQ‘[i) §? g%payﬂ”ound

steering S|gna decoder i ncludes ay ci rcul I'ng each of
the left aAa ad‘gmtagaﬁltbelaque magnalemwderpobmejmvmitmrs thefttitand ri ght

di | f
out pupr i o shArsLYe She pRtarce e e nSt Grelitpis uph spgnals and
recel ¥oAglik&t&ioiRil anasicl t8f dondpitisats fanfhe BHShtARSRRANE SEcELREBEY s{g%ﬂsw ng

t he del ayed_right audi o signal, each of the multipliers
15 in standard film decoders.

A further advantage of the encoder is that it provides improved separation
of simultaneous left side and right side signals when decoded with a standard film
decoder.

An advantage of the decoder of the invention is that it provides more of a

20 - level change in the front loudspeakers relative to the rear when a signal ispanned
on either side of the listener, improving the apparent motion of such signal
sources. '

Another advantage of the decoder according to this invention is to limit the
absolute value of one of the two steering signals when the other is rapidly

25 changing, so that dynamic effects are better reproduced.

More particularly, the present invention is concerned with improvements to
the derivation of suitable variable matrix coefficients as previously disclosed in
Griesinger’s U.S. Patent Nos. 4,862,502 (1989), 5,136,650 (1992), the July 1996
Griesinger U.S. Patent Application No. 08/684,948, and the November 1996

80 Griesinger U.S. Patent Application No. 08/742,460, as disclosed in the Provisional
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mul tiplyi nput “audi 0 signal by a .variahle matrix co
provi de \&89%5?385,[ signal; the variable matrix coefficient e‘i)cfal/‘?tgﬁ{:igsng?rol | ed.

by one or both of the steering signals. A plurality of summ ng devices are
- provided, one for each of the plurality of output channels, wth each--of
the summers receiving the output 25 signals of a pair of the mul tipliers
and producing at its output one of the plurality of output S|gnals The

decoder h t arj.ab ri.x_yal onstruct ed as

i r ect | BAGTY ABRHEHAR Sol S epiAmRE 1507 TER BReTISusY oo,  Sefifients see,

i nvol vegnplerh &eddife h HbcbA&Mréferiditd RERNHS GedéibACL. mn,Tt@élgrés?erﬁqmbhﬁehed
to enhance directionally encoded audio conponents in the outputs which are

di r ect | inckadenvwpuwincipal ehangescththe resflicienta slerivednethelpresgons patentis t o

T304 31 A AR AN o GuediensPoRauk 15, 1988, A0 9SG s Hhdtee frdbs oo
tot gl PR Uorfattibrbid tiaé FearBhhBnelse SEheteis Mo SHafed Wik e Redetiienid he

left and right channel conmponents of non-directional “signals regardless of
t he st et theresar émcgonahutgb“wen@wﬁcﬂm the muhtSawarQ hettepifithe 8d8ef i ned

as the to t|o nal s.eff ect

const et L ih FoaP BHEEut 28 wils AATRELAES e BLrRENIENP AR, HBaY |
regardl Qﬁﬁpuﬂ)fevbh eisresltrstckrtsteﬂmdmgﬁtalqeven xtrheﬁetaerﬁbsomﬂeswlméafﬁﬂﬂyﬁc@itm
i ncl udes, roved active encoder enbodi nents which correct the bal ance

bet weensigmadnidry risesdiremn zersnto 32 §rdesreandbwleisondepandentrof thee velumaf thejue

e ont I CCURS standard f ecoder, 10
an tOt.|vvh| ???R%F% gI%-I‘Ind(’!r ECSJ e (gleéé% ]{}' cg CBIbte\%eleln %c&}eorn %I&ttbﬁtqy
uncor r ekatredtibaf tndnid illughiated da thepevisedr %@E&S@Btmt@d n@tfen@gfier | t

al so onpasses, nodif|ed perfarmance in the filmdecoder specifications
Wit h re@éﬁ’éﬂtft‘%ﬁ rlapmed, forjthky r%\flav@newamsct rehaless vanationof thagelativent

in the QSﬁﬁﬂq étetfat %mtagﬁmeg% s ﬂ{,@ﬁ/a rgftﬁrt@l%%w wedIQéJtl%'O“a'

control S|gna and anging sig OV de
better @yuwrdnngraenmemttma]thndrsmmath;r debedigighg si gnal . AIthough the

I nvention is nall descrjbed in terns of anal og enbodi nent
adviht age of thaee 1§ Yhthe treatmengofi tﬂsﬂsmsmesands the center

mmeEmmmmMngmﬂm®m®mmmmLusmmﬁmamm
necessary to consider the power in all channels in determining the treatment of
the center channel. The mathematics in the section on the center channel in the
previous (1996) patent application has been modified to reflect this change. The
20  assumption is that the ratio of the power in the center input channel of the
encoder to the power in the other channels should be preserved in the total
acoustic power at the output of the decoder. The changes in the center channel
require a different strategy for implementing the LRL matrix element. The
strategy given here is mathematically elegant, but involves a divide. An
25  implementation of this division uses a two dimensional look-up table instead.
Specifically, this invention comprises the following improvements to the
coefficient values derived in the previous three patents and applications.
- Firstly, adding interpolation to the LRL matrix element in the left rear

quadrant near the ¢s=0 boundary.

30 Secondly, correcting a software error in the LRR matrix element in the left
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. digital signal processor. 20 An advantage of the present inveniion is that
the desW§P99£386he decoding matrix provides high |eft toPETGISOSEBHET ati on
in all output channels. A further advantage of the invention is that it :
mei ntains this high separation regardl ess of the directi-on of the dom nant
encoded signal. Another advantage of the invention is that the total output
energy |level of 25 any non-encoded decorrel ated signal renmains constant
regardl ess of the direction of the dom nant encoded signal. Another '
advanreafeaeddrant alangthedr=0 boundaryt can reproduce conventional Iy encoded

soundt r ackgm.i . Whi e net ghes ound. of, a 5+1 .channgl

di screte s?&#ﬂ@ ’a%@dlrn g@%@%ﬁ@ #%Yhea%g‘?‘h%?& iﬁ‘\}gﬁ??ﬂ%‘@( glenments, lﬁv@’rﬁn‘%& i's
that réarpgeadees, such thheandapuySteerdd tbithe lSReﬁatar"&ﬁ:EBE ¢ eRehased
SUBSTLTUTE ITLILTIT ML) 1L 11 LI UTE SHEET (RULE 26) WD 99/ 12386

PCT/ US9m the deft fronfeeutbitencodi ng i nto two channels of a five channel

s@undt r ack 1) ok 0, ] ls it eryJittle
s(g)bj ecti vthlnﬁhély’le{r-é:%ﬂﬁ%%%IéPPi z\ileé(Ji L?k%%%?ﬁg?%g .SOA%EY@nO%%%t age of
the | owermt ofogini snd kkas aldngotley bdendary Ao Vet €6 e, andifred Haht et t er

perforrrancewihﬂn]ﬁrespeqt to the left and right surround inputs than that
achi eSeIHIeE, Wibike retauung pbeostalengthelrehésifer. Wil e the decoder of the
invention epgh ' | *-aative | I er,

anot her advant %2%8@%@%5%%%%{#%?%&%3@ { %b\gﬁr 3@%%?%%3?25 ﬁgor rection
net woeleméntsan thesfronpiefirajuadrantr @thecshjoetvifethroraddsigac sehizhcgststhelndi t h

either t tandard four channel passjve encoder of the prior art or the
o) o tas, 380 15380 90 ke Ahe sk af thk aRAras hihe lesterie aamal o daent

I nvengj Ay 3isag FYE; MR R | ntion is
t hat ih%&&p%icﬁcebs/ dyhaﬁn?dggglﬁ?%Bg¥ﬁs@9%gfigﬁggqgg{e\c,\lgé%h&%%ﬂ%ﬁy steered
f r ont verighiains ofrtdtalnpowel as et resndtl ofsteeringo conpensate for the boost

deghfggéoéﬁ’gtﬁﬂﬁfé}%i‘gﬁggsﬁi\gg&lpﬁign% clﬁ?@}[ nd%_réfquil de_g]_ggpe&‘f%is further

increases at a lower rate than the one in decoder version 1.11. In this aspect of

15 the invention, an advantage is that the center boost function has been chosen
carefully on the basis of listening tests to give a minimal sense of motion of vocals
or dialog between the left and right main speakers and the center speaker, while
maximizing the left — right separation of instruments which are present along
with the vocals.

20 Seventhly, adding a special function CF which replaces the previous boost
in LFR along the Ir=0 axis with a cut, the cut designed to preserve in the sum of

- the powers from the outputs of the decoder the ratio of the power of the center
componenf of signals to the encoder to the total power of signals to the encoder.
An advantage of this aspect of the invention is that this procedure makes vocals

25 in music, and dialog in films, have the identical balance in the decoded
environment that they did in the material before encoding. This procedure also
preserves the balance-in recordings which were originally mixed for two channel
playback. The new function CF remains close to zero — that is there is no
subtraction of the right input to the decoder from the left input of the decoder

30 when forming the left front output, and this low value is maintained until cs
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of si mul eft side and right side signals when decogded kosAss90
st andar d%?%ﬂ%g%coder. An advant age of the decoder of the invention is

that it provides nore of a 20 level change in the front |oudspeakers
relative to the rear when a signal ispanned on either side of the = --
i stener, inproving the apparent notion of such signal sources. Another
advant age of the decoder according to this inventionis to limt the

absol ut f €,.0 eering sigpals n.the other is rapidly
25" chargriied bus 3D Uskrahe BorPLThE o Bt 107 Pofiient S eaes Sher
par ti cuhds krngé iBe ReAs@NEhAmYSTeb el risss sapicky RRHiret &b 4 VRIRVAPGIY SdBO the
derivation of suitable variable matrix coefficients as previously discl osed

G ilewerdghansthe waluesfosddolkysPrulegiz, sod theodeeldssonstares0As rsgiges t he

n
b @S . ' i . 08/ d
Lo PSS 3 0 ol Oy S0 A Pt oS B
di sgl ospelbyPrd R 0BV The @RIfunttioh ﬁ@@ﬂbdﬁ&%eﬁ@sﬁiﬁ%}v@%ﬁis rangd,| 1111

LULTEET, TITHENT  TIHL SUBSTI TUTE SHEET (RULE 26) 99/ 12386
PCTI Usggreremsing thetshitraghion,cand sempying) tise pentescompaentfzom the lafs apdused

oy . ! 4 _ here: .
111, THERS Bl fueplll ATRDV &g of CRAEG T Ep} RPIF Yo tBe BE¥igR YR When
coef fi cilenabsdlate valud of tdoaitivl aigwalsirpapmidhchéPphé Gatihdarpo. 08/ 684, 948 of

July 19, 1996, The first is a change to the "TV 5 matrix" correction in the
rear channel Eighthdycincorperating ganningraesrestion; tnthe new; ¢entae mataix

di ggct i L t r I e L th daB
re&gcti%%q%%@%ﬁ?oa%?&?&b&h@&%lsgﬁa n %%@uﬁ%ﬁ%%?ew%ag{ﬂ%%&%@mrd. The
out put irealtion emsvdyacin bdvhhtagy irgreducihglevelvihettulbbinabetitg tyatibg iaf

t he control ,ignal | Ir ( rises fromzero to 22.5 degrees, but is
indepenﬁ%—ﬁ?@ %F ¢™NSsal ue of the 10 control signal | c¢s I. This change is

described i nT}R6,,3860-PRd¥AntAfe MIMRLLY¥ntion is a reduction in the variations of

various directional signals in the presence of strong steering, especially in the rear

15  signals when steering is to the front; and in center signals when steering is in
other directions. This is seen particularly in the corrections to TV matrix
decoding.

An additional advantage of this invention is that it provides a smoother and
more transparent reproduction of the surround sound effects without unwanted

20 variations of the total acoustic output of center front signals due to steering
activity.

Another advantage of this invention is to more accurately balance the levels
of vocals in music and dialog in films with respect to the non-directional sounds so
that the balance is identical in the decoded environment to that in the material

25  before encoding.

Another advantage of the invention is to preserve the balance in recordings
that were originally mixed for two channel playback.

Brief Description of the Drawings |
The novel features believed characteristic of the present invention are set

30 forth in the appended claims. The invention itself, as well as other features and
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correction, and is illustrated_in the revised figures for LRL and LRR An
advant 2@ %1238fed for this revision is that there is | esBCT/HSIABW, of the
relative sound |evel of the rear channels when steering occurs in the
forward direction, providing a nore natural -and snoot her decoding. .15 The
second change is in the treatnent of the front channels and the center
channel . Extensive listening to the decoder version 1.11 showed that it is
necessary to consider the power in all channels in determning the

t r eat #8vANtagges thereot,iwal) bepkhaamdersteoddihrsfarence tothenfollowdng sletailed he

cente ' 11 | : pli. Wl n nodified
o r SrSEHUH of fnilBendlivt GuBoddicy whBhidha B dhedth Wl W50 0L, ' T
t he cadtbatpamying drhsrnglfimfreswhepsiaoder to the power in the other channels
shoul d be ﬁiéser_ved i’n the total _acoustic power aé t he out put of the
decoder. TREGchdRGeblock schematin of a passive matrag Relky sugrqund daeodery at egy
far i ' he: matrix element. The strategy given here is

m§t he%ofﬁggygiggﬁ%%&ut i nvolves a divide. An 25 inplenmentation of this
di vi si on UuFEG. 2.iswobhtickesthienradic dfbalstanddrabDelbynaiateist. encoder akeording tot hi s

I nvent.i on conprises the follow ng i nprovenents to the coefficient values
deri vVERE PHOT 18 tnr evi ous three patents and applications. . Firstly, adding

i nt erpol at § t o tH. e ear the
ca=0 boundary: 535 GBIsE pefltcte 8 fFRtctldbuleh SrlcBler I iroddliREY PR 4

el enentatrix ¢drephtible en@difhiof dBivrete filas cBerneRepiradtedcktd hddording td thd | |
LTl Ll SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 PCT/ US98/ 18390 rear
dQadr BFRSeRE SRYSRNHENY r =0 boundary. Thirdly, adding conplexity to the LFL and
LFR mat ri xpeGeasRts pldeki fhehfitic of §3FHvekiBal lomSéthithddialf the ddeHby St eer ed
to the left rear output is elimnated fromthe left front output. 5

Four t Ateordivghte thegnvérdiarkl and LFR matrix el enents so they follow the

- FIGs. 5a and 5b show detailed schematics for a typical'phase shifter that

may be used in the circuit of FIG. 4;

15 FIGs. 6a-6e show the relationships between various signals in the decoder
of FIG. 4; _

FIG. 7 shows a block schematic of an active encoder according to the
invention;

-FIG. 8 shows a phase sensitive detection circuit for generation of an ls/rs

20 signal for use with the phase correction circuit of FIG. 9;

FIG. 9 shows an input phase correction circuit to be applied ahead of the
decoder of FIG. 4 for optimal decoding of passively encoded movie
soundtracksincluding a graph showing the relationship between the control signal
ls/rs and the steering angle O, ;

25 FIG. 10 shows a block schematic of a simplified active encoder accordiﬁg to
the invention, also including a graph of the steering angle Q4 against the control
signal rs/ls; |

FIG. 11 shows a block schematic of an active matrix encoder having

amplitude compensation for strongly steered front signals and better separation

-
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curve of gin ¢ cos along the boundary fromleft to center %f right-
to cente O%ﬁ%ﬂ;@ retaining a boost along the |Ir=0 axis. Fi]ﬁﬁP ,8/1"895431

recal cul ati ng the mat hemati cal. anal ysis for the LFL and LFR elenents in
the front | eft quadrant. The object of the redesi‘gn (which goes beyond-. 10
the 1991 patent) is to nmake the sum of the squares of the el ements equal
to 1 along the cs=0 axis. An advantage of this invention is to reduce

unwant e varigtions of,total power ,as esult of steering. Sixthly,
i ncl udi g‘b“ %?‘?%@@?F%’ﬁ%ﬁlq,ee’rﬂpé’rtscﬁ%ﬁ?ﬁg’rn%g%?ﬁe IRFYYE, which increases at a

| ower rate tlE@Gd 2008 !sﬂoﬁﬁgﬁﬁﬂﬁlca\lﬁf thoVariatibn #W%ﬁ%?@e@h sif?glat.l@e

i nvention, an advantage is that e ¢enter boost en chosen
car ef ul ifgr fnont uaskrang stéering amd oftheclefelaft (HLY and leftrright (ER)seatriix not i on

cent or - SlrmRRle a8 sPrhrnig ARER At efhfo BB sido TP i ool @ 91y of G and
i nstg ument s VIEGE R ERoWE ?ggﬁﬁm@llwe iﬁat:!imtxﬁﬁ,ﬁé?ﬁﬂbﬁbl@@aﬁ%‘éﬁ(ngéﬂachbopddl ng

a special function CF wh repl aces the previous boost In ng the
| r =O axicentatod isignalgtl/r and cluas dbeoghexi changes; fer signabs steeredrbettveenteft

powers fr t he out put f, the decqder rati g of the power. of the center
corrponer’ri‘tﬂ%g?;e qieﬁhaoﬁ g‘PPEQ?ea 8 tglr*?c‘g%fé) ¥ 8f?ﬂ§'t4o?’é&’%89\7é‘?n Bgag?@lrﬁ?’é‘ap t he
encoder thef¥bfadvant age of this aspect of the invention is that this

procedure makes vocals 25 in nusic, and dialog in filnms, have the identical
bal ance in t HilGletbide 8 parspectivaeraphical vieveghowing the valwabfthalefbatar e

v or gfteiEr PREGER HEpdtidn BEHREF VERrbyELLT T TRE asberlRAt Siwin

renai ns RIGsg illusteiting at dedconsinity fehs the |sfbldresti on of the right input
to the decoder_ fromthe | eft input of the decoder 30 when forning the left

front output,EKndl? similpsly showe the lefineaniright GWRR) magrix dlemeriti of Bivoder
Has B ' ! UBSTI TUTE SHEET (RULE 26) -W)
057 10350 SBETT ko BTt b Hoconbinebly bn et Alhe Bl B one e

the control FHhal6 chowsdnepaspeohies graphial ange thB9 RE thatrig kbstaght beve!
risfi rapidly at. fiirst to.a value about 3dB |ower than the val ue for Dol
0g

jvas nded tonkg 4y degedarsyersion 1k, gsgontrasted with the flawed matrix
element in FIG. 14 which was actually implemented;

by
Pr o=

FIG. 17 similarly shows the left front left (LFL) matrix element from
U.S.Patent No. 4,862,502 and Dolby Pro-Logic, scaled so the maximum value is
one;

20 FIG. 18 similarly shows the left front right (LFR) matrix element from
U.S.Patent No. 4,862,502 and Dolby Pro-Logic, scaled by .71 so the minimum
and maximum values are +0.5;

F1G. 19 graphically represents in perspective the square root of the sum of
the squares of LFL and LFR from U.S. Patent No. 4,862,502, scaled so the

25 maximum value is one, showing that the value is constant at 0.71 along the axis
from unsteered to right, while the unsteered to left rises 3dB to the value 1, and
the unsteered to center or to rear falls by 3dB to the value 0.5, in which graph the
rear direction profile is identical to that of the center direction;

FIG. 20 similarly represents the square root of the sum of the LFL and LFR

30 matrix elements from the previous U.S. Patent Application No. 08/742,460, scaled
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~ beyond 30 degrees, the center Jevel rises rapidly to the sane maxi num used
for 5 DMOPYIRGSE- Logi c. The CF function al so decreases raBCEUSHIB390 t hi s
range, increasing the subtraction, and renoving the center conponent from
the left and right front outputs. The value of CF also drops rapidly to

t he previous val ue when the absolute value of control signal |Ir approaches
t he boundary. Eighthly, incorporating a panning correction to the new
center matrix 10 el enents which corrects the |Ievel along the boundari es.
Thi s scplee matinm valuedatl, clustratimgsthencadvamt eaglmei of .7dductlhegehtive|

fluct i dur.i t i i h di i Th i i | ad t
of -t nieht A o Bé Blane And the Bendle Fieeata ane vk ths Tefh TEFGHS di ¢ oot onal
si gnal s i nFyhe 207 SRRACH PhrsifeclRd grhfRIdaNY. tHRSRECHBIE Yeft TLFIH hafix 15

signals when steering is to'the front, and in center signals when steering
i s i nelenhent i the decoder vExson b 1dedingnating dhat ithe boosthas the sterringis to TV

i x decoding. An additi dyant f this invention i t it
oPovi FeR RISt if ahal bpBh SR Pogr DHSc e mione Pt Tet bR ound

sound c&ife® HounlarPOtthd WNR TR E dedeticH i ldvel %s%betdiéeﬁﬁ%%oﬁé“é)tbs the réad; put
of center front signals due to steering activity. Another advantage of

thi s i nven¥ilGn 22 simitarky showsdirede frontilefh seatrire (LEL: element haviaigsthen
nmusi ¢_and di al in fiil iR res to the nan-direction sounds, so
That eRephpaiiugd a1mapE Y b RIS bhinddiSe K RS Ao BE e R e
mat er kgdht bonRigf € encodi ng. Anot her advantage of the invention is to
preserve the bal ance in recordi n% that were originally mxed for two

S )
cHannel pl &3 ispr igsapipsbewing itba behavioy obrlalflrand FHE along thecerar es
belie [ St f. , tavenst | [e . Onf o in the
appendooiny BEbFbuT1o B Sl r ML Sl M IIRER 18 He i I CRDSEAR 11"
Ms Sheft péiat Bed2 Refeeesyd 11111111111111111  SUBSTI TUTE SHEET (RULE 26) WO
99/ 12386 PCT/US99/ 18390 advant ages t hereof, le | 1 best be urSderst_ood by
reference #3G %t sR9WsHR @agh}cg pegspective the left front left (LFL) matrix '

element as viewed from the left rear, illustrating the large correction along the
15 left-rear boundary, which causes the front left output to go to zero when steering
goes from left to left rear, while the output remains zero as the steering
progresses to full rear, but along the [r=0 axis and in the right rear quadrant the
function is identical to the Dolby matrix; '

FIG. 25 shows similarly the left front right (LFR) matrix element, where

20 the large peak in the left to rear boundary works in conjunction with the LFL
matrix element to reduce the front output to zero along this boundary as steering
goes from left rear to full rear, and once again in the rear direction along the Ir=0
axis and in the rear right quadrant the element is identical to the Dolby matrix;

FIG. 26 illustrates the root mean squared sum of LFL and LFR, according

25  to the present invention; '

FIG. 27 shows the square root of the sum of the squares of LFL and LFR
including the correction to the rear level, viewed from the left rear, showing that
the unsteered (middle) to right axis has the value one, the center vertex has the
value 0.71, the rear vertex has the value 0.5, and the left vertex has the value

30 1.41, and showing the peak along the middle to center axis;
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descri ptlﬁﬁag@g& illustrative enbo_di ment mhem_ read in con?ﬁz‘ggg 8 th t he

acconpanyi ng figures, wherein: FIG 1 is a block s I'c o
passive matri x Dol by surround .decoder 5 according to the prior art; FI G 2
is a block schematic of a standard Dol by matri x encoder according to t.he
prior art; FIG 3 is a block schematic of a five channel encoder for
produci ng Dol by matrix corrpati bI e encodi ng of discrete fi ve chaglnel y
soundt r acks ng to t resent |nvent| n, FlG is a ocC
schemati c of 2& g‘hgﬁﬂgﬂ s&‘?ﬂ"d r?egn%SBl‘l tHEVE LEE FEP e’é&%ﬂiﬁ Yalueas ae

i nvent i @fnctioEbEES ﬁ@d@%éﬁnﬁﬂgﬂoﬁﬁ%éﬁé’r §§ﬁ§£’?&ér‘ft§caﬂ% ﬁe{-ééog'aggi SEH%S Che

shifter that nmay be used circuit of FI Gs
rel ati oMbpm&lmbameats m@l BdBnlaBs powerhn tdtecmwrthatmf typically nsed Gand as

h bl,0 h t r dj to th nventi on;
B o " andaEted 1o the acbual edliis SHEPORT alteny 842'13%9@%?5% Fhan 5/
20 g gn@lludteatingethdtt WhileehBhataal PalRE! 408 reaé&r&amegfe @&foﬁ aﬁ‘eco e8r§" WS

an i nput phase correction circuit to be applied ahea t he er
FIG 4 stgnalmndralfullyceidereyd signadsthieyesxe ebowtdddBbvielow in the middle;

soundt r acksi show ng_th rela |ons I p ween the control
si ;nal | s/ rgﬁgﬁ?q"%éngg gr%%dvsaﬁﬁlags%mec P ogﬁ'&ﬁlxﬁe‘;‘*{il‘%ﬁ

schemat igterabnes ééss!’(ﬁhiﬁ%@duépbb%r @aﬁeﬂ% SBEER gwlﬁl e nidieid B ﬂt%rbn(f"l SO
i ncl uding_a graph of the steeri nﬂmgng e Olzs against the control  signal

rs/ls; Ealdbratiosashsally bisedkinson Prmhm@nndms aedotﬁcll curentivelactuzdvi ng
f { f etter
2epld o0 VERETRE RE ke or Bl SRS LR S Logic i Rpiting Sty f?le aqthp} ||

values are more than 3dB too low for all steerings.

FIG. 80 shows the square root of the sum of the squares of LRL and LRR,
using the elements implemented in decoder version 1.11 illustrating that in the
front left quadrant there is a 3dB dip along the line from the middle to the left

15  vertex, and nearly a 3dB boost in the level along the boundary between left and
center, also showing the “mountain range” in the rear quadrant and including the
“TV matrix” dip of 3dB at the center of the plane, which is hard to see in this
projection;

FIG. 31 illustrates graphically the numerical solution for GS and GR for

20  constant power level along the ¢s=0 axis, and zero output along the boundary
between left and center;

FIG. 32 shows in perspective graphically the square root of the sum of the
squares of LRL and LRR using the values for GR and GS according to the present
invention, illustrating that except for the .valley created by the “TV matrix”

25  correction, the sum of the squares is close to one and continuous;

FIG. 33 shows similarly the center left (CL) matrix element of the four
channel decoder (and the Pro-Logic decoder), which is also the graph of the center
right (CR) matrix element if left and right are interchanged, showing that the
middle of the graph and the right and rear vertices have the value 1, the center

30  vertex has the value 1.41, but in practice this element is scaled so the maximum
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11 SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 PCTNS98/ 18390 f or,. si nul t aneous
si de i n¥Q®98123%6cording to the invention; FlGs. 12a-12c sPOWUSHASRICAl Iy the
variation of the G, GC and GR signals for front quadrant steering and of.
the left-left (LL) and left-right (LR) matrix elenments as steering.goes
fromleft to left side in the encoder of FIG 11; and 5 FIG 13 shows
graphically the maxi'mum perm ssi bl e val ues of each of control signals U
and c/s as the other changes, for signals steered.between | eft and center,
as apyduedstane;he decoder of FIG 4 or the seven channel var| ant thereof.

FIG 14 is e lett rear
10 et (LS RACHERLIE BRERMAEL ol Sh R Iviablis p18neR, B shiBeefids o
shownyémionr1Q1,4n wlﬂdhstlreaimddlea:aiusqaﬁm tiiright ReRY rddievéreices \HivieSeent| G
15 sim]arly shows the |eft rear right (LRR) matrix el ement of decoder

ver si uced by #i9dBsoathatpsacaingentasntie genterimees Wathavalug efib4lino axi s;
FiG 03 I n perspective graphical viewthe LRL matrix elenent as it

18 wad T htended to be in decoder version 1. 11, as contrasted with the

fl awed rrat FI&. 36| shosv grapliztally hd mm cubge aheurhtsr attehagtiohatkededG 17

[ 'I t f t LF t | t f U. S. Pat ent
o, abashesd R a R B, vnGS Bograing UaIL6h IS6 Mo AP RRCFEY Ogne. 20
FI G 1 t f

S, phfe Sper VoilpgHLS e gt gl is e picskRled B the hfTife | T |
and mebxammiehs e mermgarﬁréaseﬁltﬁwar& thedpimt; aalﬂdya]rse[sllmswsm$ aidotpal epeet i ve

t.he s uare root ,of the s t he uares of LFL and LFR from U. S. Pat ent
semley valpgs (gg@l‘tjglwgarég ?Fé’}ﬁfﬂum value is one, showing that the

vai ue 1S canat @@ts@wygzalpﬁhggg arshfsam %ur“;é CARE e@ h&dddft: While

the unsteered to left Fises to the value 1, and the unsteered to
cent econgtand etneagy ratibs wigh dBtarcattemuatadéx©, sccordsingi tortheriayyiention, rear

ci i | APy 8 asbE S IR e oF stHCOr Sm (Buf Poripe L clgtpepPrwhile

the dotted curve shows s1n(cs) illustrating that GF is close to zero until cs

15 reaches 30 degrees, and then increases sharply; -

FIG. 37 shows the left front right (LFR) matrix element with the correction
for center level along the [r=0 axis, indicating that the value is zero in the middle
of the plane (no steering) and remains zero as cs increases to 22.5 degrees along
the [r=0 axis, falling off to match the previous value along the boundary from left

20 to center and from right to center;

FIG. 38 shows in perspective the center left (CL) matrix element with the
added center boost function according to the invention, also showing the correction
for panning along the boundary between left and center;

. F1G. 39 illustrates graphically the levels of the center output and the left
25  output as a signal pans from center to left showing that with the correction the
panning of the center, while not perfect, is reasonably close to the inverse of the
left output (the values on the cs axis are inverted); and
FIG. 40 shows a block schematic of an active encoder according to the

present invention.

30 Detailed Description of the Invention
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30 matri mpi s fromthe previous U. S Pat ent Appl i cati gprhibos/18390
08/ 742,4’@66'9?2%?&% -13- This Sheet Has Been Repl aced ~Hh|?| 1111371 Tl

[11 111 SUBSTI TUTE SHEET (RULE 26) WD 99/12386 PCT/ US98/ 18390 R so the
maxi mumvalue is 1, illustrating the constant value of .71'in the entit.e
right half of the plane, and the gentle rise to one toward the |left vertex;
FIG 21 shows in perspective graphically the left front left (LFL) matrix

elenment int v i N atihng. that t bopst .as the
Steering s DEECEbEhbERBeRE: 3 e myodtid Hoilde Ve chpRBRARITE bl

al ong téarredfltddcoder itle mBoimnahar Mterdlc sgtibh,eartﬁduﬁhiﬁfeﬂehcé%ﬂ bas the
steering noves to the rear; FIG 22 simlarly shows the |left front left

mat ri x Wede)tosgenaral desigmpringiples thabmayhpiapplied @ dergders with other cent er
boundar | . center to right boundary; 10 FIG 23 is a
gr aph s'mevm né t gh%%ﬁlg\iﬁoggv%%lﬁLFL and LFR along the rear boundary between

|l ef 5 and ful IndesigninBes pasdive shaghk, Wdd éndvding ill bo abfiemal s8rfoHowotha
point at 22.5 d§ rees. FIG, 24 shows .in graphical perspective the |eft
front |dpndard oluy Prrrovadmatrixg ang; thecdegodgmbagdopsfoutpaty such that the i ng

the | ar 4 I - r i a S

front | Sy SAEPECHEAM AR Wecodp: cBirorl B3 RN il M bried ¢RE MY,

whi | e thetloutgftiinpetrainns 04T GteistlyhE0.5t@e0.7001) phogties sghttiaphtitimesa7; but
along the 1.r=0 axis and jin ti“he .rjght rear quadrant the functionis

i dent i cHre rightipitpyt spenal isithe Tight pputaigngl Simes appyapd dheaear fougput is ght
(LRR) ' Wher e 4 r - 1 eft -t o rear boundary
vvorBs Pﬁﬁ%gﬁjnﬁhg?? %trllef\?\n wu?ﬁlelﬁ%i—ﬁhﬁﬁggrt?lg Igglzgn%ﬂr#h ‘{ E(}%réesdu@:'g'the front

out put to zeRefatring to W& bouhese ys asintpddiddischegostic of anpassiive Dedbyto ful
rear, and once ag&in Ln the rear direction al ongrthe | r=0 _axis, and in the

rear ri GFFORRALFRILG feeodet deAtcordine i the Rror fitnih PUteR thess signati G 26
|11 ustr 318 nRBipL e ARARLSNA! €Phs WEFTT g (ﬁi&%@? aaas ?%“ﬁ af@ the
FIG 2 the sumo e sq

present invention; F 7 shows the square root o uar es
of LFL appliedRespectively to the input terminals 2, 4, and are buffered by unity gain

—

15  buffer amplifiers 6 and 8 respectively. They are also combined in the above-
specified ratios by signal combiners 10 and 12. The outputs of buffers 6, 8 appear
at the LEFT (L) and RIGHT (R) output terminals 14, 16, respectively, and the
outputs of signal combiners 10, 12, appear at the CENTER (C) and SURROQUND
(S) output terminals 18, 20.

20 As stated previously, this matrix has constant gain in all directions, and all
outputs are equal in amplitude. when inputs are decorrelated.

It is possible to extend the passive matrix design to more than four
channels. If we wish to have a left rear speaker, the appropriate signal can be
made by using suitable matrix elements, but additional conditions are required to

25 form a unique solution; the loudness of the decorrelated component of the signal
should be equal in all outputs, and the separation should be high in opposite
directions. '

The matrix elements are given by sines and cosines of the direction angle of

the output. For example if the angle @ is defined such that ¢ = 0 for a full left

———
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. including the correction to the rear. level, viewed fromthe |left rear,
showi ngWh¥12386he unsteered (m ddle) to right axis has t RENEHEEBhe, the
center vertex has the wvalue 0.71, the rear vertex has the value 0.5, and
the left vertex has the value 30 1.41, and showi ng the peak along the

m ddle to center axis; -14- This Sheet Has Been Repl aced '
11112111211212112121211 IN SUBSTI TUTE SHEET (RULE 26) - WD 99112386
PCT/US9811839Q  FIG 28 is a graph showing as a_solid curve the center

mat r i RuiRtandds H0f for angmtpat @t froptaeenter dhenridesisont comtesmatiix os

I dent iefe%eﬁfé £Lreo, and using Dolby matrix elements with 3dB | ess power
in the tear than typically used, and as a dotted curve the actual val ue of
t he cent er Lisft matrid eepdrs + goslafB)Logic, 5 illustrating that while the
actual val onabl e r,e(s ts for an unsteered signal and a fully

e ive re
steered si gﬁ%}" In\?/"hté}xﬁ _%‘Hoﬁtsnl. @B too lowin the middle; FIG 29(2)
signlarly fA% & 9! botiF Whaeid BRnYé@ltN% R0 zﬂea§§€é<ﬁﬁe%ﬂ%% el ement s
e matri x elerents

assum ng equal power rafios'to stereo, given t and
cal i bistandexrdaPolist Syrrmed] matbix. by Pro- Logic, and as a dotted curve the

tual 10 | of th Nt trj | ts.i -Logic,. .i]lustrati
Chat the adiiMaty EEeRts APenady SARaREEs {blARS (hAre vabid or o OFi G
30 shepa] {419 P €860@L1NN ighDe widte theldien JEYRE ?&ar{ﬂx bRmé&fhABR  USi ng

the el'enents 1 nplenented in decoder version 1.11 illustrating that in the
f r ont chehgesjudtirabe leftoreari guadrans, digoes fiomy O He 4907esd tloat thwe signdof the o

t left 15 t . and | dB. hoost i n. th | al bound
oL e SR B isf Rt « Ko Bk ciattyer iiaeab et tfe 16 oO0tEs
quadr adment sigif idHbpstivde At cBhtaRtddrs o di2r00hr 398° 3ind RBe g7t €r of the

plane, which is hard to see in this projection; FIG 31 illustrates
gr aphiconiponentie aie reguiat andsanesitennf sgnonwentoRatky thepoighbsignalt power

ovel lhSeAl SR PR B B BURSRE o EOER S L
sum ofg flhequatiuas €3) ahd R a8 id90RR70S), Rehdrae YghateshidekeHinphids Eaclasta di ng
to_the Presen_t i r'wer]t i Oﬂie éululilft rI{it.i ng it_ hat execept _forhwe, val | ey created
bi5 t heotf'the apipsend limit va parenthesis implies that the limit is not included
in the range. |
The separation between two outputs is defined as the difference between
- the levels of a signal in one output and the signal in the other, expressed in
decibels (dB). Thus if there is a full left signal, the nght input component is zero,
20 and the components in the left and center outputs are 1 and 0.71 respectively
times the left input signal. The separation is a level ratio of 0.71 or —3dB (the
minus sign is normally dropped.)
The separation between any two directions which have an angle difference
of 90° is always 3dB for thi53 matrix. For directions separated by less than 90°, the
25 separation will be less than 3dB. For example, outputs at full rear (a = -90°) and
left rear (@ = -45°) will have a separation given by:
Separation = cos(45°) * L / (cos(22.5°) * L) = 0.77
= 2.3dB B (3)
This situation can be improved with an active matrix. The object of an

30 active matrix is to increase separation between adjacent outputs when there is a
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25 correg,) , e sumof the squares is close to one and | s FI G

33 shomsgé?%g?gﬁgy the center left (CL). mtrix el enment of the !%Egﬂﬁghanne

decoder (and the Pro-Logic decoder), which is also the graph-of the center

right (CR) matrix elenment if left and right are interchanged, show ng t-hat

the mddle of the graph and the right and rear vertices have the val ue 1,

the center 30 vertex has the value 1.41, but in practice this elenent is
hi.s,Sheet Has B

scal ed g0 the Ximumy, 315- ° een | ace VI 111111,.

111111187 {rEeSipd pimgl MO Jepden InpRiay Gora sk Frifp (85 AEEI9D
val ue i gf RoW®;suchG dé¢odéoBehavds WheRahieSipputy oAkt ehtirely ofBédricRitedrent
I n the decoder version 1.11, in which the mddle value and the right and

rear velmpgws, #nddoyeshe degadercbelgves whisn there hna Iaixftm‘ei;f(a directipnahe

B he. f 1..41, i : - GRLG ows
Sregfoﬁir cé%lﬁ%%f gt?(aaltn%%f(%{ gi% SP%ec?rhtgxgla"ﬁ? é”?‘aytm‘?%qswﬂg{) i‘e”i’ﬁ dy 3&‘6%8'5 t‘fs BFDPT*FEE{‘?L and
LFR5val aecorasiagsd !sfﬁlélcbﬂd%ﬁ:hpé(ﬁﬁﬁl&dﬂgg&gﬁrﬂegﬁpvﬂeﬂg diBcteOeAl0N0 ol didRalent er

conponent_ of the input signal is to ] in the front three.
channel eefgeresk teprevgonslyrand assuwmedrie baederivedtfromritheasteveopomic agidao dot t ed

curve 1 e er v r standard decoder; FIG 36 shows

gr aphi cg}r}‘{} salgggisso ?ghgﬁ‘?‘\’/%@t%go‘val ue of G- needed for constant energy
ratios with ThitfllodihgeaidrooritériaangphRsipisliddtd Byl dbeRl indlrix, ABHnaS 2
dashed curve the value of sin(cs)'.corrl (the previous LFR elenent), while
the dot teat ehaware hgfdled witdsyaripns degreasi ofgsudsass by desodexssin the garnentnt i |

cs 1{p rg@‘fhes 30 degrees, and then increases sharply; FIG 37 shows the
| eft front right (LFR) matrix elenent with the correction for center |evel

al ong the | raA) axiWhenritlieeatis ng ddesireldiedvsipual,ithezeshotlt bbe Midithem of
;Ihgngl aggtp(lgltofr%;ne %ﬂésnegghgggelrsénrg%lrg at%a?irt% &Sé_ gr?esl inrfvro?\?gdeisn tl'gpx'zo%uSCilgg lrlee oS
directional signal. For example, a signal which is intended to be reproduced at a
location halfway between right and center should produce no output in the left
15  and rear channels. Likewise a signal intended for center should have no output in
either left or right outputs. (This is the principle of pairwise mixing, as extended
to surround sound reproduction.) _ _
B. The output from the decoder for directional signals should have equal
loudness regardless of the encoded direction. That is, the sum of the squares of
20  the various outputs should be constant if a constant level directional component is
moved through all directions. Most current art decoders do not achieve this
criterion perfectly. There are loudness errors in all, but these errors are not
significant in practice. This is the constant loudness criterion. -
C. The loudness of a music (i.e. decorrelated) component of an input
25  signal should be constant in all output channels regardless of how the directional
component of the input is moved, and regardless of the relative levels of the
directional component and the music. This requirement means that the sum of
the squares of the matrix elements for each output should be constant as the
matrix elements change with direction. Decoders in the current art disobey this

30  criterion in ways which are often noticeable. This may be called the constant
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. the Ir=0Oaxis, falling off to match the previous value al ong the boundary
from| eWP99g3860 center and fromright to center; FIG 3BCHNSHKISYH -
perspective the center left (CL) matrix elenent with the added center
boost function according to the invention, also showing the correction for
panni ng al ong the boundary between left and center; . FIG 39 illustrates
graphically the levels of the center output and the left 25 output as a
signal pans fromcenter to left showing that with the correction the
panni RGWET criferieBnt er, while not perfect, is reasonably close to the

i nverse of +f he f t e values on the cs axis_ane,ipvert.ed); and
FIG 40 shows ,a’lJtl)]l%oc Eﬁglf:tﬁogln%é%ee %%F%oﬁvgagﬂ@i&ﬁe%&gpwtﬂ&%ct %e

pr esepsmpbuent baly, a3 el pégrodubEes rof Bt diRBctRénalng ayeﬁl%»i @8 theisrelltiveSheet
Has Been Replaced [LLITLETTEIDE L1 EETPETTLTTI SUBSTI T ESHEET (RULE 26)
W olgvelssgeamger/shovdd poeypsmppthlyrandiinsaberi newhifis dn thecapparenti on i ncl ude

afive: Vi) C ec . W . ' . al ,separation,
o1t nolpReABR e AR Phis AR ICERH Vol s VAL ciBh A TR 0
appl i byl deeodezonetlse eintrienotarer It mexbbe salléd tharvoaktaritsdivedtion Brikériggsi gni ng

a passive tri.x, the encqoding will be assunmed to fqllgw the standard
Dol by Surrggrﬁjhi;&t‘iqckfie%ﬂa“%én%@?ﬂé’rmﬁawq cation fun DolycRre-hegic ile | eft

out pu | I des N eft..] tny L . he
cont opuitei shiATHEriBAUEARA Bys AR GitmbAce sttt IBHID TS AR ml C

ri ght appk}qtartddim;ie@d The folbewin, ghﬁtelﬁmplblhnﬁisgﬂﬁl sfsiti?srfield;s ][i ght input signal
times one; _an e rear_ output .is 10 e sumof the left input tinmes 0.7
2N the ridht ihl%mswﬁls@teg\ﬁ?d tecome frogn apyphirection i, ghe fantpfghen) i 1 ed
sche ' | Ny X : ; i he
o1 or Todtf, Blord AR RERAler GHAERY MhIUR e b HREAE Bl Ievel 8578 4B B4ty

( LEFT}o &hel I&vdlRu@HT sigrdilovenlgnbdwe fiv @ paspple BdlbhyeSpamuindemattia wheni nput

termnals 2,.. and are buffered by unit ain 15 huffer,.anplifiers 6 and 8
respegﬁ?r{,ee}syh%gg, ng decoreela HRenERE %/fh eampg_mgnals (i.e. no music is

present.) When music is the dominant input signal (no correlated components

15  present,) the level is not boosted. Thus as the decoder makes the transition from
a music only signal to a pure directionally encoded signal, the level of the
directional signal in the front hemisphere should be raised.

The optimal design of a decoder which matches the Dolby Pro-Logic
specification should have decorrelated music constant in all channels except in

20 outputs where there is a strong directionally encoded signal, and the music in
these channels can rise in level a maximum of 3dB proportional to the strength of
the directional signal relative to the music. Music level should never decrease in
any output where there is no directionally encoded signal. This may be called the
minimal gain-riding criterion.: '

25 In all current active matrix decoders an implied principle of operation is
that in the absence of a directionally encoded signal the matrix should revert to
the passive matrix described above, as implemented for the desired number of
output channels. This assumption appears at first glance reasonable; however, it
is neither necessary nor desirable from the point of view of psychoacoustic

30 perception. Decoders according to this invention replace the above assumption
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specifie L. by signal conbiners 10 and 12. The out put $fyd3khdsss 6. 8
appear ‘gybta%{(iaﬁﬁ?iFT (L) and RIGHT (R) output term nals 14, fg

respectively, and the outputs of signal combiners 10, 12, appear. .at the
CENTER (C) and SURROUND (S) output termnals 18, 20. 20 As stated -~ --
previously, this matrix has constant gain in all directions, and all _
outputs are equal in anplitude when inputs are decorrelated. It is possible

to exte t lve, ,matri x design to nore than four channels. I|f vve_vvish
to havevlalgthl %?Par&é%#n% téaker, the appropriate signal can be nmade by using

suitabl e matFi X eAan&dtive dottderdantrifdboutd hdivkiMAgimGmh IREHAY §hdratidn a0 M
a uni que_sol ution; the |oudness of the decorrel ated conponent of the signal
shoul d ¥ tugesl beth during repreduction of Heceraplatad irmnsicrrgnalsoand foh music

[ | ! ' I t kve Sines._an o0sines of
CheoGi rgplld SO BRoadlis, 094 HirkoRLRERY chelia Berdl Mo pRERORE th G RRSS
such t heignal hal Vieking ohly bnl thlet 1efhand SaHes oy oBade Reht atrde lodationd
1121211 212222 (0 bl 1l SUBSTITUTE SHEET (RULE 26) WO 99/ 12386

PCT/ Usoshodddee mpigtaingd regardlessofitbe sivengthpn dixection of aceomcarrentyn t he

' | : ix el t .= copskal2) ... (1)
R ot nteeeht Jtkdctibna SR DRI reqrifdmBRt Chk oBAF PR it B hatrorie
el enent diractioRallf enesded sigridlds bayng Removed TosmdamohbyuSwinieh Rl bt The

matri x el enents as_defined by equations (1) and (2) are valid for a = 0
(full mr%'ﬁpse at-zlﬁlstﬁr( pce }"FE()I}S,\/GhérléuﬁWeWﬂi gropfinteeelianless theenent

foRgl ef hatﬁgiﬁ&%fxﬁg{rﬁgoiretﬂfeﬂeﬁf {o 464 Fm&"éaéjﬁeat%& £ HO5Fe dtbq THAnk21 B0 112

that the si
direction opposite to the steered direction. This will reduce separation, but this

separation reduction is difficult to hear in the presence of a strong directionally
encoded signal.
The need for high separation (especially when there is no directionally

16  encoded signal) comes from psychoacoustics. Prior art has conceived of the matrix
as inherently symmetric, with all directions being treated as equally important.
However, this is not the case in practice. Humans have two ears, and in watching
film or listening to music they generallly face forward. Thus frontal and lateral
sounds are perceived differently.

20 There is a dramatic difference between a sound field having up to 4dB of
separation and one which has more. (This fact was recognizéd in the CBS SQ
matrix, which had lateral separation exceeding 8dB in the passive decoder, while
sacrificing front to rear separation.) In the inventor's opinion, the difference
between a discrete five channel film reproduction and a conventional matrix

25  reproduction is due to the low lateral separation between the surround channels.

Griesinger, U. S. Patent No. 5,186,650, recognizes the value of this
requirement (F) and describes a six channel decoder where the two additional
channels are designed to be placed at the sides of the listener. These outputs
have the desired properties for a left rear and a right rear output channel, as long

30  as the directional component of the output is steered to the front hemisphere.
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_ 10 right conponent is negative, For the right rear quadrant, however, the
left maMA®M12¥benent sign is negative. At center .rear, aPETASIHN 90, and
the two conponents are equal and opposite in sign; conventionally the -
right signal coefficient is negative in this case. This-.could be.specified
by stating the range of a in equations (1) and (2) as [-90, 270), where a
square bracket inplies inclusion 15 of the adj-acent Iimt value and a
parent hesis inplies that the Ijmt is not included in_the range. The

separ '&ha?ms,ﬂé;ewer@dusmhe deyrlof the si:ewerde@pn_a:eomlmt_, grgandlestcel Hadieaation; he
deor baPd PR MR ORRREScPukaiRe ke, PR, A afidRuBh R erfibFoccc ' 1

conpogignial.i Threoatpiitd describéd in dhpeertaeforehbed paténtade not hiave coubtrtits are

1 and, 0.7] respectively_ tinmes the |eft input signal. The separajion is a
| evel lovgl for peninectimally gnqoded mpsicin thegprasengep |at9ewﬂdo§f5@ai.,)a e
separ at | t O | tch have an angle difference of 90
iGé;DaI %@@&%%E{ﬁ? t @sédnlatm Xﬁf@%???ﬁréﬁ(?igns separated by |ess than 90,
the 25 sefTheadncodenidekigneirl tss abbesir@dfendedr pateabwas used patls seinef ul | rear

- (a =-90).and left rear (a T -45) wll"haye a separatiqn giyen by; .

Separ mq%ﬁca_tl%§9 agke augvm(oew fQI.IBle?m@agY avefl#gl -decoggrs.. Thegpatrix; s

Si t UaHb%gnCﬁPtﬁ@réﬁpﬁ&%?éjaH@rE HoPRh &g ay&ae@wsmﬁ é@h&ﬁﬁsﬁfzal%ﬁ&
active trix I's to 1 ncréase separati on between adjacent outputs en there
is a gedéeallfhireethbbe rb@sir&}mmtﬂsmmdeabdvlelﬂaixﬂy wielll 1 Thetd 14, THdvtevdr|

BSTI TUTE, SHEET (RULE 26). 99/ 12 PCT/ US98/ 18390, di t | |
I od PTe gRaRPnE” YL JEBSif R A WURLY DOFE A Al i akpEs B seetiedn o
how SuphAs g@wd@ﬁ thehefem £ @8y b %ﬁt%ti%%ﬁié th&0thé %l'e!ix%&fl@gélﬁ)rme' ated

8
"musi ¢, and how t he decoder Dbehaves when ereis a mxture o

di r ecthisneintext, J'paimping” isigdiblevartatior ofithe musie sigral Iduesto vamationdf
"nusi ?.f)e tcfl)redc%ﬂ)?{[a? control signals responding to the direction of the directionally
encoded signal.

15 For both reasons, it was necessary to improve the decoder design, and this
invention resulted from this design effort. It turns out that the requirements A
through F above uniquely specify a matrix, which will be mathematically
described below. - _

For mathematical simplification, the encoder assumed in the design of the
- 20 decoder is a simple left-right pan pot. When steering from left to center to right a
standard sine-cosine curve is used, as described by equations (1) and (2) above.

These may be restated in the form:

L=cost : ' ..(4)

R =sint ' ' ' +(8)
25 where

t=a/l2 ...(6)

In the frontal steering mode above, the angle ¢ varies from 0 to 90°. For
steering in the rear half of the room, from left to rear (surround) to right, the right
channel pan pot output polarity is inverted. This can be described by the pair of

30 equations:
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5 decorr%g%gﬁs% gnal of such conplexity that .both the di r?ﬁ&‘hﬁ@ﬁ/ksﬁ@””m
re e

signal s erred to previously and assuned to be derived fromt

st ereophonic audio input signals are effectively zero. The foll ow ng
design criteria nay be applied to any active matrix, noting that they-are
fulfilled with vari ous degrees of success by decoders in the current 10
art. A Wen there is no decorrelated signal, there should be a m ni num
out put from]gh_ose hannel s not related to the. ones involved in rg,zfoduci ng
the directidnaf®fgnal. For. exanple, a signal which is intended t& be
reproduced aR = - &jgcation hal fway between right and center shoul d(gyoduce
no output in_the left 15 and rear channels. Likew se a signal intended for
cent er shoul Hulaearrdeetingurcenrs whienher 4%f andrsteexing todefuswroamdi e is the

i nci ple.of pairw se nixi ded duct i on.
b The B fap ket Hebter Aol Sl E6 R Br iU MBRE E=S8T o have equal
| ougness regMioté ¢E6 stildtttyestoidie endodivgt foothe Alatix Senidifs Dfthefpddafre

squares of 20 the various outputs should be constant if a constant |evel

di r ect | Bvadrixcdeaseihed: abeverpliete however, dhe steerng iangde isgivided hyetwo and

decoderg. d 0 | (Al L.t.er.] rfecgtly. There are | oudness
errors ﬁlne %lg?‘, &b%féut ﬁo\gg%eagrsﬁg?lgﬁgﬁg lﬂgl[%dggiedﬁ%fcf%{ymt in practice. This is
t he const ant Ih degieffgahiet dddodBr, i€ mubefirabodssidetl what suepits Will be

decorrel ated) conponent of an input 25 signal should be constant in all
out put BFRIRded.sane dww the aneplitle efithaisteered cpmipongoebthatinpat wid vanut

' ' . | ' . " di ' | .
coronett et ot 84 188 iflpul Michfid skErng MAeNandl 1f th Hpfiihatical
squar esdedcriptioretdw, thisfantctioh@andee arbigiayl HoatdverPi 6t @ndatisyt he

matrix el enents crhan%%avmth di ipec_ I on. Decoders in the current art di sobey
this 30TRIWTeMEns b.ihgconsiant lougnessiarearions se dhpt doudmgss igdyreserves asa

e el S S SRSl A

amplitude functions.

15 Assuming that there will be front left, right and center outputs, the
amplitude function for each of these outputs is assumed to be the sine or cosine of
twice the angle ¢t. For example, as t varies from left, # = 0°, to center, ¢t = 45°, the

output amplitudes should be:

Left output = cos 2¢ | ...(9)
20 Center output = sin 2¢ . ...(10)
Right output =0 ..(11)
As t goes from center to right, ¢ = 45° to 90°,
Left output = 0 .(12) -
Center output = sin(2¢ - 90°) = - cos 2¢ ...(13)
25 Right output = cos(2t - 90°) = sin 2t ..(14)

These functions result in optimum placement of sources between left and
center, and between right and center. These functions also result in very simple
solutions to the matrix problem. In either of the above cases, any output signals
intended for reproduction in the rear of the room should be identically zero.

30 In designing the five channel version of the imprdved -decoder, a signal
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. power criterion. D. The transition between the reproduction of a '
decorr eV%8A423¥fsi ¢ conponent only, and the reproducti onPEeTUSYABWt | onal
signal only, as their relative I|evels change, should occur snoothly and
i nvolve no shifts in the apparent 5 direction of the sound. This criterion
Is also violated in various significant ways by decoders in the current
art. It may be called the constant direction criterion. 1In a film decoder

whi ch nust obey the specificatjon for Dol by Pro-Logic, a surround sound

r epr o8feere® in dhsrear inemispheve bevean lefeanddeft sipsoendobs thie ¢ =By, and

i nste Jowing criterion E nust be satisfied: 10 E. The signal

i nten%g%ﬁ]tlagh%"(;éﬁe fromany direction in the front of the room fromleft

t hr ough celieftr réar sutphit = siwo#d d be boosted in | evel by 3dB rel atgye to the
| evel such_a signal would have in a passive Dol by Surround matri x when
there is | FERETEAT MRMECHOr el at ed component of the input signdl® (i.e. n

0
I Caf FCoal ' | Apu ' Q.cqrrehated

Compoaa BaE Shrel WIRRER BRCartotld AARPRIZRRor B Horsl RO, abBRCR T, o6

t he t staystheé samier dfhe anatrist coefficients gisad tb achigpiy ¢hidiare Giot @daktante hegded

signal, the I?/lel of . the di rectiOQaI signal] in the front. hem sphere_ shoul d

be raF 4By suehdhapaf full Teatstrerane dheseajan: eloment oritbradzhiinmy wpo the

Pro- Lagt Geas BREE 53d @Nz&lgoul d have decorrel ated nusic constant in.all

channel s except” I n 0 outputs where there is a strong directionally

encoded si §nahe sevdntdbanmes embodimienscas hgneefmon @nta 23.6° i the @vtputanmaxi num

f 3d tional tq .t t t f t di ti | | | | ati t
oy SR R SRRL A e ovr gt Sl AN erL el el el alTve T
no di pe d&ﬂﬁia!l%o%_’i‘ﬁqg.eg%ssf %Bg:% lfroE1 A s T Bﬁ%ﬁthﬁu tHe gﬁffrﬁide goes

gain-riding criterion. current active matrix decoders an”1nplied

pri ncdpwva odBopud the ontpet int the léfh redegodsop QdRyfkaeping éhe itotad [ Ibydressyded
X shoul d t to the%g?lgsi ve matri x descri bed above, as

e :
?Lrg{]g%%ﬁﬁ&‘n?%ﬁ“f ﬁguaﬁ%%?e%;/ r??b‘a“to@n ut channels. This assunption

appears at Ad ﬁ@htﬁirﬁﬂ%dv@@ﬁ@lﬂ'ﬁ@|iﬁ}%prbﬁél@bl€éodérteveinswﬂéhtt![i@rsw%ﬁ 1 nor
P

desirable fromthe point qof view o sychoacoustic 30 perception. coders

akcor & Ayly éo the sepnide lebinrearand sightareas ousputsbaye maximug-separatisheet
Has BgGn g BeR- 86884 Injuﬂil:,l dihce the matrix elements for the right input to the left
rear output (and for the left input into the right rear output) are zero resulting in
complete separation. Although the right rear has zero output to a steered signal
as the steering angle t goes from 0 to 22.5°, the matrix elements used to achieve

20  this signal cancellation are adjusted so that the music output is constant and has
minimum correlation with the music signal in the left rear.

To additionally decrease the correlation in the surround field, the seven
channel embodiment includes a time delay of about 15ms in the side channels,
and in both versions the rear channels are delayed by about 25ms.

25 Once the loudness functions are chosen for the various outputs under
steered conditions, these functions having left to right symmetry, the functional
dependence of the matrix elements on the steering angle can be computed.

A standard Dolby surround installation has all the surround loudspeakers
wired in phase, and Dolby screening theaters are similarly equipped. However,

30 the standard passive matrix, described above with reference to FIG. 1, has a
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AREREREE |  SUBSTI TUTE SHEET (RULE 26) WO 9911. 2386 -

PCT/ USQS/‘YQ?%Hs\%\Ath a requirenent: F. An active decoder et B d have
maxi nrum | ateral separation at all tinmes, both during reproduction of
decorrelated nusic signals and for nusic signals in the presence of- a-,
directionally encoded signal. For exanple if the nusic 5 signal has violins
only on the Ieft and cellos only on the right, these |locations should be

mai nt ai ne s.of the strenth or direction of aconcurrently
pr esent P} 8 ﬂ’é?ﬁ |lﬁtfﬁé19'arﬂ?idsng &JP?%HEFR“"@anXd?ﬁIy dramrEpand g
strong r@_thﬂes:in anghh¥iteit BesFed 8ghd 'ﬁ—ﬁeéﬂgagéﬁﬁﬂnn& SRRt 2HLED

shoul d not reproduce it. Under these condition drop
level ufioms®R thR-io0 s theetworreas outputsl drer eut 6Hphask wiren ﬂ‘I@F aye fdly he

Thi 5w preeremager A3 Efent® ¢aks AR baribed in st atsiont . 25%%)'7&34% to
heals i NnaidhgP6RERBCRaS this ﬁhééhnﬁn a?ft AN tbhine Be 20y d%b&ﬁ# i}@}g%w »

for high separation (especially wh here 1s no direction
si gnal ) IRYRTSHOI Was fo %bamcembl@rasoa raar-sbm*edcsouadyedclmfast:ilepllmterﬂy.

por ¢ apy oY TISh hin Atld BrBtey i VRS kel THE diboter 3 Eha iverphiaimustion
ears, aicludeyal shagtgshifidrnooflig t18d SiEnNSF £ Flhk GehP Ot dﬂg@ﬁ;ﬁl& Bfu{l%sﬁ 0

for ward Thus frontal and_ | ateral sounds are perceive erent
There i § %@rm&r{%lw phase sbiféie anade avmetionsofliie i‘ogeltatlmaf/cergtenmvbo 4dB of

se at LR ALY S Thi ¢ fact S rec ni ze n the, CBS SQ
naﬁ?llr X, SWhi Ch- Qag‘eq Yg]ier}e{ﬁtﬂgevga f“?"Sﬁe i%rﬁgsv*gﬂﬁnibn K@cﬁgé‘g?‘%s

while facthikimimosé aestddseribedbet®@parhi @fedenicd tb@(}d“‘ﬁ%ﬂ&ﬂﬁ 5b. Opi ni 0“

t he dlfferen? lbet\/\gen a discrete five channel filmreproduction and a

convent i onal orle encadersyare nehap simpde as theepdropot mantidneskahow.i on

bet ween ele, Pat ent No.

recogni ;ies t‘ﬁéi! Ibgl ue ?)lp éeS Ofr‘ gc% ﬁ%&ﬁagt& le)lT’JQCtﬁI&b &@g Sreqrang gn§i’§< of %ﬁ?\nel
decoder ;mpﬁtse the qambkemﬁi_ ﬁnth @nsiandeipd foet-ehanfelest @@ tanObd taleds @ oied. Ne
S| dﬁas or the ’llﬂusst S&‘&{ a sta% grg Lf‘llglumade with a four channel encoder will decode

with a substantial amount of directional steering in the rear hemisphere.

Referring to FIG. 2, which represents a standard encoder 21 according to
the prior art, as shown in FIG. 1 of the prior Griesinger U. S. Patent No.
5,136,650, there are four input signals L, R, C and S (for left, right, center and

20  surround, respectively,) which are applied to corresponding terminals 22, 24, 26
and 28 and signal combiners and phase shifting elements as shown. The left (L)
signal 23 from terminal 22 and center (C) signal 25 from terminal 24 are applied
to a signal combiner 30 in ratios 1 and 0.707 respectively; the right (R) signal 27
from terminal 26 and the center (C) signal 25 are similarly applied with the same

25 ratios to signal combiner 32. The output 31 of signal combiner 30 is applied to a
phase shifter 34, and the output 83 of signal combiner 32 is applied to a second
identical phase shifter 38. The surround (S) signal 29 from terminal 28 is applied
to a third phase shifter 36, which has a 90° phase lag relative to the phase
shifters 34, 88. The output 35 of phase shifter 34 is applied to signal combiner
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have the'desired properties for a left rear and a right r t
channelWO28/1238fig 30 as the directional conponent of the Bgflgﬁ&v]itsg&bsteered

to the front hem sphere. -21- This Sheet Has Been Repl aced

FETErrevererrerrerittrr i SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 -,
PCT/ US98/ 18390 That is, they reduce the |level of the steered conponent,
regardl ess of its direction, and they have full left-right separation

e balons el 00 iehtheouioet s mlerndl Bl BRlRe 2S00 10
non- dagg@gfg'ta%‘a% }aag@gﬁgg&i %@?i%ofﬂﬁiﬁ&?vﬁﬂ?s-ﬁpﬁﬁ ahh teshgitsspepl . and 5

t hat IS torrec e present 1 nhvention. The encoder design in
t he aphase skiftsre38 én thatsigmalvesnbined 48. t Fhe ombputsoAi dnd & obthe encader a

s porbatuebalndl and Thor e ot o msprve ab and 13 Shot ditdle, L7
em s PE _ _ Ty rally
ngets the e G %h@ééag?g&%\geo&{) Ihrirgﬁ lifaﬂ‘%b"deszﬁ%:éﬂ Bﬁth@@%ﬁé(ﬁbns:lo nor e

" punpi ng” W musi ¢ than wou mal, and the | eaKage of steered
signal s beLefleoutiput (A3t Lan®. 704D+ 0.88FjSut puts is nore than t.H&7Hesired

level . In _this contexj, “pPUPLAG~ | L bl e I ati f th [ [ I
due to var Béghli“bﬂug?ut @}H?: 59?'2@?6’8‘35"{ Bc 9% ol S;IS:]:'B.?SI ?gsgondi ﬁéi{ggl '?hzl na
direction afitfdigrtih/seahd HPEdur ﬁﬁ&ﬁfmn%b&agwiu 1ot porkbwith fivaehagnel t was

necessary to |npyo_ve the decoder design, and this invention resulted from
thi s dissrete Bihpittis passible tie degign Adive: thanmed encedemwhich willrworh verabove

I quel y, specify.a nmatrj x ich wii.l he t henatj cal | y. de | hed bel ow.
A0k il tad oEprved feciiéh robiding 18 SHE PESR R emiorh o SEER AR, of Lhe
20 degfd§der 15 desetibetewithifefédeditt tpFIR@.. When steering fromleft to
center to light a standard sine-cosine curve is used, as described by

equati ons [The agditiomal glerpents afthrenew enseder 4Barepprliachahead of thecost
T (4)stan%:asridnénéo@er 22.150%%? 2, described abpve. ' :
~ The left, center and right signals 51, 53 and 55 are applied to terminals 50,
15 52 and 54, respectively, of FIG. 3. In each of the left,: center, and right channels,
an all-pass phase shifter, 56, 58 and 60 respectively, having a phase shift function

¢(f) (shown as ¢) is inserted in the signal path. The left surround signal 63 is
applied to input terminal 62 and then through an all-pass phase shifter 66 with
phase shift function ¢-90°. The right surround signél 65 from input terminal 64

20 is applied to a ¢—~90° phase shifter 68.

The signal combiner 70 combines the left phase-shifter outpuf signal 57
from phase shifter 56 with 0.83 times the left surro‘ux:1d phase-shifted output
signal 67 from phase shifter 66 to produce the output signal 71 labeled L, which is
applied via terminal 76 to the left input terminal 22 :of standard encoder 21.

25 Similarly, the signal combiner 72 combines the right phase-shifter output
signal 61 from phase shifter 60 with —~0.83 times thelright surround phase-shifted
output signal 69 from phase shifter 68 to produce the output signal 73 labeled R,
which is applied via terminal 82 to the right input terminal 26 of standard
encoder 21. _

-
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t=alt ... ' _ the frontal steeri ng r'n.)_d'e' abave, the angl &sh8soef rom 0
to 90 . F%@”g egring in the rear half of the room fromlgl:c ";!o rear

(surround) to right, the right. channel pan pot output polarity is
inverted. This can be described by the pair of 30 equations: This Shest
Has Been Replaced -22_ 1111 LELerererrererrrrrll SUBSTI TUTE SHEET ( RULE
26) WO 99/ 12386 PCT/ US98/ 18390 L = cost ...( R=- sint ...(8) Full

7)
[ . ] = 45 . St I. t t . ,
boal t1 on' 1 nt Simdlaris: hscighah e PBpitel ik babies of A by Tl sufrapng,, .
the sinphasd-khiér bltsutesigadl BY fromt PRad@ERiftereb€ WAL D.5% ties BRE Tigigt

matri x described above. Here, however, the steering angle is divided by two
and t heusioymdcphasgeshifted entpet signah §9i froimphaskedhifiqr 68ito [prodice dlhei gni ng

he decoder,. i. ' | ded t t put | be, i ded,.
how t neouRpl st gp kahelad Serdieh iR pakbRn 1 Bristnilad wlineDarRgsBie
eacly outghid] d816f stdardnGocdides At eering angle varies. In the :

mat hemat i cal description below, this function can be arbitrary. However, in
order to sat Bfeyoutparfusignakbh® of theentenphase shifteind8slabeled O, as appliedhan

| oudness i S. pr. rv as Si | pans t n_two,outputs, there are sone
obvi ous%%rgaési é be %ﬂﬁézggglera}péﬂﬂta@&iﬁp%ggioﬁ%ianéy%gaﬁq&}.hat there will
be front | eftphe bAEYded W PRD! 8 ha@UHRUbopel e tha R sidhsiend Yagtdramef @ischaeh

of these outputs is assuned to be the sine’or cosine of twice the angle t.

For exaimpets bS, L, arRend Rénwilkproduce-an encoded signgl whicmwillthlee out put

| tud l,d be: t t put = 2t .. (9. 20. Ce . _out put. ,.=.siLn
50710 EprodiRn easFecthy bl 84! tbags 6F Ré prisertthwehfiotn: ArsigBAl Piigh i bl
45 t0 9@haskahithRUEWs surrdind idphdl LS, RS, will produce a fully rear steered input,

and a signal which is out of phase in the two surround inputs will produce an

unsteered signal, since the outputs A and B of the standard encoder will be in
quadrature. :
15 The mathematical description of the encoder of FIG. 3 used in conjunction
with the standard encoder of FIG. 2 may be given in the form:
A = (L -j0.83LS) + 0.71C + 0.38(RS - LS) ...(19)
B =(R +j0.83RS) + 0.71C - 0.38(RS ~ LS) ...(20)
All current surround decoders which use active matrices control the matrix
20  coefficients based on information supplied from the input signals. All current
decoders, including that of the present invention, derive this information by
finding the logarithms of the rectified and smoothed left and right input signals A
and B, their sum A+B and their difference A~B. These four logarithms are then
subtracted to get the log of the ratio of the left and right signals, I/r, and the log of
25  the ratio of the sum and difference signals, which will be identified as c/s, for
center over surround. - In this description, I/r and ¢/s are assumed to be expressed
in decibels, such that I/r is positive if the left channel is louder than the right, and
¢/s is positive if the signal is steered forward, i.e. the sum signal is larger than the

difference signal. The attenuation values in the five channel passive encoder

T
——
—
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~ Center output = sin(2t - 90) cos 2t ...(13) 25 R ght output = cos(2t - 90)
= sin 2WO9912386) These functions result in optinum pl aceRERHUSE¥183Wyr ces .
between left and center, and between right and center. These functions
also result in very sinple ‘solutions to the matrix problem In either of
the above cases, any output signals intended for reproduction in the rear
of the room should be identically zero. 30 In designing the five channel
version of the inproved decoder, a signal -23- This Sheet Has Been
Repl agkovesalsthasereto praduceitheisamelvialue pf VskEieh (IRULS agputwhlgds 12386
PCTI U$28/ 18390 . steered. in Lhe rear. herd sphere, between left.and | eft
sur r oy &y 1 ﬂngouqégsﬁ%%ha%sﬁlﬁtﬁlﬁlﬁ?}féfe (éqd(errlgé}sealfp 120 G 4t
.- (1§3codBrahher 8RE Rigld¥thas Kben sdtite)2D5abarhe ShReERd, Dptivesm |&f t
surround and full rear the total rear output should stay the sanme. The
mat r i appoEEmatebh8dBused to achieve this are not constant, but vary such

that at fu rear steeri he .matrix el egent., f.or, th I ght _inpput, into the
&t rear BT surogauEEl el IhifR Har b B TRCRLL I adRmREER, " goes
f rom @nésle?ZbdtwdehcthRUivpd inpiit cHAhids Buthahbhe =sdode AWl B afit sieanaout put s
shoul d be equal and_snoothly rising, proportional to sin 4t. As t _ goes

from 2nrds/s gge 29t independenty T findhthe teerivgrangleds wedesss el Gnd thee
Ot PUbyrdtnbls bPEhe 162100 SRVIRAEP th & RSN B {P IR JABYIRARE oy, AsP=S1™

of the squarés of éach output, constant. nent’
i npr ogeeheglecoder even when the steered sighal 15 is fully to the rear, the

left rear and_rjght rear o,ytﬁ@)ﬂz have maxi mum separation for decorrel ated
mbsic, siné& PRe—rArckan(18) LAeEI 62P9r the right input to the left rd8d)
bi¢® the right rear output) are zero

(r)gts5:JPF%Egniffq@c}%ﬁe‘%gatge%gga |aon. ‘Al though the right rear has zero output
to a steer dbwewrakinesthenbvsiewls age angparéd goasagiivnd® ohty, 23. deterrnfee
Uhat | SYHPHREE TS stomunt i BBl Qr bCkHE 15 Sl GOF Of 46 SHIGROR ¢ ho
nusi ¢ p3LARAl fdrfolWard &tderif®hnd negative for rear steering.
15 - In the real world, the input signals to the decoder are not derived from a
pan pot but from an encoder as shown in FIG. 2, which utilizes quadrature phase
shifters. In addition, there is almost always decorrelated "music" present along
with steered signals.
In the following description, the problem of specifying the matrix elements
20 is divided into four sections, depending on what quadrant of the encoded space is
being used, i.e. left front, left rear, right front or right rear:.
We will assume a seven channel decoder with left front, center, right front,
left side, right side, left rear and right rear outputs. Two matrix elements must
be specified for each output, and these will be different depending on the quadrant
25  for the steering. The right front and right rear quadrant coefficients can be found
by reflection about the front-back axis, as the matrix has left-right symmetry, so
only the left front and left rear steering effects will be derived here.
For the front quadrant, we will assume that requirement D above, rather
than requirement E for Dolby surround, is used, and add the correction later.
30 Front steering is similar to Griesinger (U. S. Patent No. 5,136,650) but the
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To addi ti Mhgglecrease the correlation in the surround fipphd;sobig3eFeEVEN
channel vgggjglk%gﬁt I ncludes a tinme delay of about 15ns in 'ItPﬁe si de

channels, and in both versions the rear channels are del ayed by about

25ms. 25 Once the | oudness functions are chosen for the various outputs
under steered conditions, these functions having left to right symetry,
the functional dependence of the matrix elenents on the steering angle can

" oucs paiPions, FhER Rhiteith e SHFRU, WA bReiePl RDrnBPurure bR Y
equi ppeghigdee¥efind 8Reimhwe shastisskidas shyle oBhlil ¥epal@sslyi bed above with

reference to FIG 1, has a -24- This Sheet Has Been Replaced 11111111111111
liii 111 11 The lefypartpnyshogidecreasetozsyo\as trlanged vateyfosn 85945,

probl em.w f qqg { E_O ts.. A _pan,fr ft to
surrou%wcégvs%pg sﬂoﬁzn‘&aé ?‘?‘ Ansi tlé%g&l%ﬁgé%n%ggﬁﬁmeﬁﬁ nr"‘ eal%g%aﬁ%f‘&om right
to surrehdthgloel ¢ £ 1009 Il efl}-we dbfine dbankh® rear outputs are out of phase
when they are full steered rear. The Fosgate 6-axis decoder described in

U S. Patent #o= arctu(1915 (B)dmMY-cthers, has this phase anonal-y(22n
| stening t O’I‘Txlécllaftd&gtg)ﬂ_ﬁ; thter}gﬁtﬂgaeggmeh@\ﬁﬂ %fnggspﬁ;% (laéf? llub}_)&gyﬂfsbg%%ne bot h

unacceptable, "as are eered sound, Ssuch as

t hi n anthathizselenientt hR tigrms. thehdghe topet. of ful hesteeesd signal egini tHesimplifiedes
a phase shifter to flip the sign of the right rear output_under full rear

st eer | nBRCOMEX TosULtS ionthe left mplteAs coniés M the maht irput B+ sints euar shis
ovgh 10 o] | S1dAREL L Le ring. i.cal
onale SFERESy e w10 BBl HHE IIRTRDUEE ot RN LS RS E B therdd s

FI Gs. SfollowingbtheRbaiction Fil(shcwhistsimobar eatngse sletpder Asaddiened o (et equal
menti oned abqQve. , However, by careful choi of the method of detecting the
st eeri n§P ﬁﬂﬁ(&@%ofﬂf‘ﬂgﬁh?ﬁ%ﬁﬁté{tppﬁés P%‘P}Phlé‘?ngWth a standard four-channel '
encoder can - [ T even a standard filmnade with a
four channel i%rﬁﬂégggﬁk% ?T\qgég%gsdglés\nétaﬁstg substantial anount of directional
steering in the rear hen 3én)es codBEsdrring to FIG 2, which repré®nts a

st ard enc r 21 . according top.the priar art, as shown in Fl 1 of the
Giesi ﬁgglpe gutput g%ﬂgﬁ&rﬂ&teg mbsicis o be constant, the sum o%the squares

pri
of the matrix coefficients must be one, i.e.

LIz2+LR2=1 . ..(24)
These equations, which are basically in the same form for all outputs, result
in a quadratic equation for LFR, which has two solutions. In every case, one of
20  these solutions is greatly preferred over the other. For the left output,
LR = sin s cos(2ts) +/— cos s sin(2ts) ...(25)
LL = cos ts cos(2ts) —/+ sin ts sin(2¢s) ...(26)
Choosing the preferred sign, which is minus in equation (25) and plus in

equation (26), and applying mathematical identities, these simplify further to:

25 LL =cos ts _ .(27)
LR =-sints ...(28)
The right output should be zero over the same range of the angle ts, i.e.
Right output = RL cos ts + RRsints =0 _ ...(29)
Once again, the decorrelated music should be constant, so
30 RI2+RR2=1 ...(80)
-29- as Been Replaced
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. 5,136,650, there are four input signals L, R Cand S (for left, right, '
center WRPY12¥6syrr ound, respectively) whi ch are appl i edPﬁy‘E&&/’rsé%Opondl ng
termnals 22, 24, 26 and 28 and signal conbiners and phase shifting

el enents as shown. The left (L) signal 23 fromterninal 22 and center (C)
signal 25 fromtermnal 24 are applied to a signal combiner 30 in ratios 1
and O. 707 respectively the right (R signal 27 fromtermnal 26 and the
center aI 25 are simlarly applied with the same 25 ratios to

si gnadn dsby siinilap repeaniag toftheingsult conbiner 30 is applied to a
phase shi Lgﬁ{ d t he out put 33 of signal conbiner 32 is aPﬂl ed to a
second |ca?np ase shifter 38. The surround (S) signal

termnal 2ZRRscegpsied to a third phase shifter 36, which hag(32)90 phase
|l ag relative to the phase shifters 34, 38. The output 35 of hase shifter
34 i s appl Tka cepley gulputshomle smaoghly dwga@neetstmng@@wqa@%@mbﬁ prl| 11|

per/ LBl i, deerkate SR Becomoli oY WieamsBbisiide ot 15 i tbe o 1o

36. S¥gh@tdde, of &, wanigltste%mj ip bhe tef$ o fright d@ettiond BRbERIdcaMdenthel. 707
times_the out %"?étl 37_.of hase shifter 36 in the signal conbiner 42. The

out pufiecraasgd Lpis willikesaHcisganite different walups forsthmeenten leimatmixof t he

sign | REr I der
out pofieiidht CE S tadigtfts figRPERIAR, OR, willph STR 68 wifer WHE3hectfE00C.
0. 707§wWitchéd Y])om nghi toowﬁp u't[‘hé B)r baﬁ&stﬁeﬁ&é@.dgl@ Will'b&called ¥Bherd THough
st andard four chann g V\g not rk with five channel discrete

A0 m 15 @sqlgn%gg,gm °‘F’o éé Pgr# LR Y‘,’ gniteerang dg fall \genter oF MheRor k very
10 wele ﬁs'hot k8P decoder according to the present invention. Such
an encoder escri with reference to FIG 3. The additional elenents
of the nevxtkaqq@@derarcaart(ﬂﬁ ‘afhr) £80Bhead of the 'standard encoder 21.(88) FI G
2, des r|b above. e. | t center and right signals 51, 53 and 55 are

appl | BeF ellsrﬁleé:F'%S n

The center output should smoothly increase as ¢l varies from 0 (full left) to
15  45° (center). The function for this increase will be called FC(tl), which is equal to
sin(2¢{) in this embodiment. By the above method,
Center output = CL cos t/ + CR sin ¢/ = FC(¢])

5..

Q

= sin(2tl) . ...(34)
Once again, for constant loudness of the music,
20 : Cl2+CR2=1 ' ...(35)
which yields the solutions
CR = sin ¢/ sin(2¢t) —/+ cos ¢l cos(2¢]) ...(36)
CL = cos tl sin(2tl) +/- sin tl cos(2tl) ' ' .37

The preferred sign is plus in equation (36) and minus in equation (37). The
25 . matrix elements for the rear outputs during front steering are not as simple to
derive as those for the front outputs. To derive them, we use the argument and
formulae presented in Griesinger (U. S. Patent No. 5,136,650.)
The problem is that we want the left rear LRL matrix element to be 1 when
there is no steering, and yet we want no directional output from this channel

80 during either left or center steering. If we follow the method used above, we get
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15 52 an pectively, of FIG 3. In each of the left,p,Gons nd
right ch'gvﬁg)fabfg,&£§an al | - pass phase shifter, 56, 58 and 60 rPespecgt%lhegégﬁy,

havi ng a phase shift function. g(f) (shown as 0) is inserted in the signal
path. The left surround signal 63 is applied to input term nal 62 and-.t hen
t hrough an all-pass phase shifter 66 with phase shift function 0-90. The
right surround signal 65 frominput termnal 64 20 is applied to a 0-90

phase shift.er ,68. The signal conbiner 70 c i nes the |left, phasesshifter
bt put Dt clgsients SribicHAve S Po itk RaR HHE et 1t Btda B BB 188 oo
phase- sdirftbe dowtinibiéin tisdraria nddiebiaiy, RRavutplit WiB'bSbhd Suil BFte tivBanput put
signal 71 labeled L, which is applied via termnal 76 to the left input

t er m na$ignalsof Thisiigiareenwaptigaal satution, sylenesitieye is pooxisgparatiomisvhen 72

conbi nes, t he ri.aht se-shiefher oqutput _signal 61 m phase shifter
wth - ostssrie kBB, VAGARC KD SenRtABh.cubd Peans LEETRERERE G abdiiR
phage shidst@e Hérot Withy A6 @€6erife out put signal 73 labeled R, which is
applied via termnal_ 82 to the right input termnal 26 of standard encoder

21. This Shedp sakve she matgix musy be made-depandent bathion the| | |

e
SUBSTI T. S ' : ) 99/ 6. PCT1 US984 1.8390 iqidarly,.the
si gnal ‘(%%Eﬁgi @?‘&ﬁgg %lzoge%y\oé g@atg]fé%elg ﬁggpgﬁ{}nggmggaf{&f gpp‘%u%féﬁéslﬂ?"f ter
out put 5j1@6:65® Al whielp Bilelefhahtl afgbboutguts hredhel M pldifiehtldutpsigs ound
phase-shifted qutput signal 69 from phase shifter 68 to produce the out put

si gnal The|spbatien derivgd theressodysa theipveblerephitangelisg Tftﬁ dir@:@gl;]mbund i nput
5 ' 1.1 ' . 59
onalL " Bitpbtied at ALAAE( AN GRCTer diae PRRY Bl 4 H1Rg PptioplebE it

i nput t eutputaled¢asts by Bulad theatdering lzoedite faticedger.of FIG 3 has the

property that,.a signal on any qf the discrete inputs LS, L, C R.and RS
wi || produce Y& caRcorEectsthecaetiigients {9 pyoidethis defent dutmadtipdyingcthem by t he

decoder 89% ﬁ%él}t&é Qf%sﬁgisal\?m\fﬂ?%%u@ e1§;a9?8+1g%’/gn\'nﬁbcﬂ §St L&ko ﬁﬁ?ﬁgcﬁ ?s bhg, SN

surroun rear steéere
which increases to 45° when /s is large and positive. In the following equations,

15  the angles ts and ¢ are derived from c¢/s and Vr respectively:
ts = arctan(c/s) — 45° _ ...(38)
tl = arctan(V/r) — 45° | ...(39)
Note that ¢/ here is different from the angle defined previously for the
center output.
20 In the terminology of the previous patent, the control signals developed at
the inputs to several variable gain amplifiers (VGAs) are called GL, GC, GR and
GS for left, center, right and surround respectively, and two supplemental signals
GSL and GSR are derived from these for the left and right surround VGA's. The
coefficients here described use a linear combination of the G values to provide the
25  left and right coefficients as a function of the two angles ts, derived from c¢/s, and
tl, derived from Ur, respectively.
By the definitions therein, _
GL = ((cos ¢l — sin tl)/cos tl) = 1~ tan ¢/ ...(40)
GC = 2 (sin ts/(cos ts + sin ¢s)) ..(41)
30  (there is a factor of two that was omitted in the printing of the earlier patent),

-

e
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. and a signal which is out of phase in the two surround inputs will produce
an unsWE:94a386i gnal , since the outputs A and B of the sPERUSPISEM:oder
will be in quadrature 15 The mat hemati cal description of the encoder of
FIG 3 used in conjunction wth the standard encoder of FIG 2 may_be
given in the form A= (L - jOB83LS) + 0.71C + 0.38(RS - LS) ...(19) B =
(R+jO83RS) + 0.71C - 0.38(RS - LS ...(20) Al current surround decoders

whi ch. use active matrices ,conjrol })he rratrlx 0 Coefflfl .ent s hased on
i nf or mat i ofSs upplos ks M gh.e_f_aﬁﬂt‘_s M ent#SBcadlr s,

i ncl uding that of the pr es i cosght i on, destl ve. th| s (cuser-+rEing)f by

finding the logarithns of the rectified and snoothed | eft and right input
signals A and B, their sum A+B and their difference A-B. These four

| ogarithnms are then subtracted to get the log of the ratio of the left and
right signals, U, and the log of 25 the +&2)b of the sum and difference
si.gna}l s ] el fi as c/s, for center over surround. In
trélgs L‘*é&%? ISr?hfP? qﬁ?@?@#? g assumed to be expressed in decibels,
such that USLbsc}pp@nt_lmtlﬁ/cégqﬁ)l eft channel is louder than the right, and
c/s is positive if the signal. is steered forward, i.e. the sumsignal is

| ar ger than the G Bﬂl(ﬁﬁ'e%ngénsﬂ naI The attenuation values in the five
channel passive encoder -27- This Sheet Has Been Repl aced

hhl " uhhhiuitI T hi 11111/ SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386

PCT/ US9@/ 18380 _ ecq)gyse Q{Ie)crﬂ)s@ﬁsﬂcsgféﬁdu% .t he 28ih#s vallue of Ur when the
LS i nput only is riven t& bei ngpggnder st ood(cobats ding) gl nplified encoder
i10 yséd (8ef desi gn the decodeer when the angle t has been set to 22.5

(rear an th this case, U is 2.41, or approxinately 80. 5 For a nonaural

si gnal V\:hl ch has been distributed with the si nplified encoder between the
t wo input channel s such that A =(485 t and B =.* sint, I/r and c/s are

0! RSB pedhatht Subblens oL el B oo Y 1" B e

full Teft 38 A(1-GSL)-05A+B)GC-05(A-B)GS-BxGL (44)
15 .. RS=B(1-GSR)-05(A+B)GC+05(A-B)GS-AxGR ...(45)
Thus, the coefficients LSL and LRL are given by:

LSL = LRL = (cos ts + sin ¢8) (1 - GSL - 0.5GC) ...(46)

which becomes, after some manipulation,
20 LSL = LRL = (cos ¢s + sin £s) (sec ¢/ - 1) x (_eec tl — tan tl) — sints ...(47)
The coefficients LSR and LRR are also equal, given by:
LSR = LRR = (cos £s + sin ¢s) (- 0.5 GC - GL)

...(48)

which becomes, after some manipulation, _
25 LSR = LRR = (cos ts + sin ¢s) (tan ¢/ — 1) — sin ts ..(49)
The right side and rear outputs when the input is steefe_d between left and

center can be found with the previous method, but the steering angle used must

R
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0, then: a%ga;/g%’ggg. - arctan(10 ~ ((Ur) / 20)) ...(21) deg%’?ﬁ@*“"%ﬁ i's in

dB as st However, since the two | evels are conp I'n magni t ude
only, to determ ne whether the steering is front or back we need to know
the sign of cls, which is positive for forward steering and negati ve +or
rear steering. 15 In the real world, the input signals to the decoder are
not derived froma pan pot but froman encoder as shown in FIG 2, which

utilizes guagdrat hase ifters,. In addition, .there is alnpst always
decor_rglP%?segferHFg &°%ﬁ&éﬂftgéi%§’ﬂ_lv‘ﬁef’ﬁ§%€% eengQitthBPEW SP Ehere B Powi ng
descri piteBRing! "WaPhOAN BRI Fer9B06 's\il%ﬂa{lg WIRRhBYe dtXefd R PR Ster20ThS egh\éltﬂﬂg

i nto four sections, depending on at quadrant of the encoded space Is

bei ng ukoeshlve age: [eft front, left rear, right front or right rear. W will
assune a sevgn .channel decod ith |ef ronf, center, right fr , left
si de, right gf%*é‘fr?aé‘??uﬁp@;r‘mmﬁﬁm "r%gﬁﬁlﬁ’t uTS. Two matrix el'&lénts
musg bgngpecified for each output, and these will be different depending
on the quadrant 25 for the steering. The right front and right rear
quadrant coeRBIA eRBRZanlbe found by reflection about the fronttdack
axis, as,the trhx has..left-right symretry, so only the left front and

| ef t re‘é'}mtslfé’géﬁfint et 'éElPE’vm' |1 be derived here. For the front quadrant, we
will assune RRR < RSR =edpenk D above, rather than requirenent E for Dol by
surround, is_used,_and. add the correction later. 30 Front steering is
simlar to GRRdsmBSL £9in$s Patent No. 5,136, 650) but the -28-..088)s Sheet
Has Been Replqce I REARNENYNE SUBSTI TUTE SHEET .( RULE 26)
WOY9/ 12386 M& Ji‘g‘%%"l&%lé%‘%‘l’ie&ﬁb %?C&‘%%’ {'féesBH he ?lﬁ@%{%égﬁ ﬁ’é"f’r t he
present stdavii.i Bor aear dtédriignivhednds isHbgrtve The Follelvinpesrairygist consi der
each out put separately. The left output shoul d decrease to zero as the

angle t vari dder eré"rrﬂ}dtlégﬁ%maigiqﬂ\%@% ase hbe samn asfgr front steeningr except
si gnal Stl&@t_ aRPsak1d & {d'Getefidinkd ¥m the absolute value of log(c/s) which yields:
ts = arctan(10 » (s/c) / 20)) — 45° - | .(53)

15  and the sign of the cross matrix element is reversed, yielding:

LL =cos ts ...(64)
LR = sin ts ...(65)
and
RL = sin ts ...(56)
20 RR = cos ts .(B7)

The center matrix elements are identical in rear steering as they depend
only on angles derived from I/r, and are not dependent on the sign of ¢/s.

The side left and side right outputs should have full separation when
steering is low or zero. However, the signal on the left side and rear outputs must

25  be removed when there is strong left steering.

We use the previous definition for ¢/ for center steering,

tl = 90° — arctan(10 ~ ((Ir) / 20)) ...(58)
as ¢l varies from 0 to 22.5°. Under strong steering, the left side and left rear
outputs are zero when ¢/ = 0°, bﬁt increase with ¢/ according to the value sin 4¢1.

30  In the presence of uncorrelated music, represented by the signals A = cos ¢, B =

-33- This Sheet Has Been Repla
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5 channel. If t = 0is full left, we define an angle is = arctan(10 *
((c/s) WORIP3BS 45 =~ (22) The left output is the mat PF’R’U(@? LL
times the left input plus the matrix elenent LR tinmes the right input. A
fully steered signal fromthesinplified encoder results-in the left_input
A =cos is and the right input B = sin is over this 10 range. W wani the
level in the left output to snmoothly decrease as t increases, follow ng
the function FL(ts), which in_our_exanpl e decoder is assuned to be equal

to ccs?(mtts}he?ngﬁicméS|Ie$L bBLp J+SR andcBBRi wagt Bgtisfyef t output = LL cos is

+ LRsinis = FL(ts) = cos(2ts) ...(23) 15 If the output to decorrel ated
music is to be constant, the sum of the squares of the matrix coefficients
must be ornkSLi=&RILL2 + LR2 = .(24) These equations, whiclsPre

basi cal | y i N thﬁgams formfor aI | out puts, result in a quadrat| Cc equation
for LFR, two solutions. In every case, one of 20 t hetD) sol utions
is gr r . _ r

cos(2 a}?é%; B&ﬁ;%lgfil Ztth ts‘?)%dgé ? gg)regﬁ ai@?l&é%%p I‘%Z{lm)'lhg s;]tec?fgﬂg in(2ts)

. b. (%llovv@fﬁsetl)@sifmétlprsefthla.ted sign, which is minus in equation (25) and

plus in e lon (26 and ppw mathematlcal identities, these sinplify
further tgﬂgi‘z@sLé i’§ 7 ? = - sinis ...(28) ThéHight

out put Shoﬁbﬂtf?@:&&é@&@‘fﬁrve &?xsﬁé&g@le"v@ ge of the angle ts, i.e. Right

out put cos Is + RRsinis = 29) Once .again, the decorrel ated
nmusi ¢ shouL.BLBe ESRSt=aidtt, so 30 RL2 + RR2 = 1 ... (30) _29" |acésR) This
sheet I-la Beer’b ?elp I 1111 SUBSTI TUTE SHEET (RULE 26) 1111 VI
Solving as before, _ -
10 ~LSR = sin ¢l FS(t) +/- cos tl V(1 - FS(@¢)2) ...(63)
LSL = cos ¢t FS(tl) —/+ sin tl V(1 - FS(t1)?) ...(64)
Simplifying and using the preferred sign, as before,
—LSR = sin ¢/ sin 4¢! + cos ¢! cos 4t/ ' ...(65)
LSL = cos ¢l sin 4¢l ~ sin tl cos 4t] ...(66)
15 which may be further reduced to:
-LSR = cos 3¢l ...(67)
LSL = sin 3¢/ - ...(68)

The right side and right rear outputs are inherently free of the left input
when there is steering in the left rear quadrant, but we must remove signals
20 steered center or rear, so terms must be included that are sensitive to ¢/s. Right

side and right rear outputs are equal, except for different delays, and we have to

solve:
Right rear/side output = RSL cos ts + RSR sints =0 ...(69)
RS12+ RSR2=1 ' ..(70)
25  which yield the solution:
RSL =sin ¢s .(71)
RSR =cos ts . (72)

So far, the decoder design meets all of the requirements set out at the start.

Signals are removed from outputs where they do not belong, full separation is

-
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11 1111 99/ 12386 PCT/ US98/ 18390 and these | ead
: %49{1&%&% . gsfb%#/%%

reasoni ng esult RL=-sints ...(31) RR =cos is .. center
out put shoul d snoothly decrease as steering noves either Ieft or 5 right,
and this decrease should be controlled by the magnitude of U, not the-.
magni tude of cls. Strong steering in the left or right directions should
cause the decrease. This Wil result in quite different values for the
center |eft matr,x nent CL gnd .the c which wll

Sop whEHHEeL bR s A e TR, Angrihe wuisth had pResEntdacekin fller | ng
angl e Wohtph® fe@a‘rﬂlbs’s'of*b%éhngt Uﬁfdrﬁumwetdanmtfm@éﬂ ﬁl%tfthaéé left to
45 when steerlng Is full center or when there is no steered signal. ti =

90 - ar reguiréments for the rg@l) putpui EB}he whar quaﬂramts @xxprqfsﬁmdassmndﬁuoime

15 a5 ( Bhlichs Dokt SRR ERE ISR ISRaRE anstte BreeiC i, DeEhratmplion & i o

I's eglualeohStanti udid deviel akthe @amgf BRYRE to Byl i&rabpw@ sf.@ﬁdlm ﬁﬁﬁrﬂé%der

output = CL cos ti + CRsinti = = sin (34) Once again, for
const antdoesmémst)fche rieveht@u txhe mr@lm:aketmn tlnus a gtemdardtfilon deredersdodse
solutions,CR = s Si n [ + 2t 1) = C

i n( 2t | ok IRoga e e apRiens fovel as esdiie hirer BoSis b toegrars Thestapard
equat i OB Apcaitg mél L) ée@a@ﬂﬁaﬁllﬁ&h@%@ar ch@nls. ”Wé lcénege% FRBt@ator the
rear outputs during front steerlng are not as sinple to derive as those
for the separationiyriwantnlsdr aﬂowmxthw@nuse leved tarigeneare byn@dB dumnigae
Prepgnt Qledull LSRR (Fhicis FPpFMdOmoPe 1HRR %) eablE. Ro2BE SRl R

we want rear X enent
music level under these cond1t10ns 18 not audible — it may even be desirable.

We have been finding the matrix elements to the rear based on a steering
angle ¢/ derived from the l/r level ratio. As we move from ¢/ = 22.5° to ¢t/ = 45°,
this ratio expressed in dB decreases to zero, while the log of the center to

15  surround ratio (¢/s) becomes a large negative value.

Consider what happens when a directional signal at ¢! = 22.5° is faded down
into non-directional music. In this case, again, the log of I/r decreases to zero as
the non-directional music becomes predominant. We need to distinguish this case
from that above, where the steering goes strongly to the rear. The best solution is

20  to make the matrix elements relax to high separation when l/r goes to zero, while

keeping the music level constant. The result is easy to derive:

tl = 90° — arctan(I/r) _ o ..(73)
LRL = cos (45° - ¢l) ...(74)
LRR = —sin (45° - tl) ...(75)

25  where ¢l goes from 22.5° to 45°. These matrix elements keep the music level
constant, but they cause the output of a steered signal to decrease by 3dB when
the signal goes to the rear. We can fix this by adding a dependency on c/s, by
boosting the LRL value by an amount proportional to the increase in the log of the
c/s ratio. Solving for the value of boost needed to keep the rear output level

30 constant, we can express the results in a table:

T ———
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there is no steering, and yet we want no directional output fromthis
channelW8@%a3Bé ng either left or center steering. |f we KCGHVHIBIE net hod
used above, we get -30- This Sheet Has Been Replaced | 1111111 T11

SUBSTI TUTE SHEET (RULE 26) WO 99/12386 PCTI US98/18390 natrix el ements

whi ch gi ve no output when the signal is steered to the left or center, but
when there is no steering, the output will be the sumof the two input
signals. This is a conventional solution, where there is poor separation
when steering sthpin dBe waRRBO@ST separation, which neans LRL nust be one
and LRR 5 nust beggero with ng,qteering. To solve this problem the matrix
must be made dependent both onthe value of U and that of c/s. A solution
is given in Giesipger (U S. @agent No. 5,136,650) in which side left and
right outputs are the "supplenental outputs”. The solution derived there
sol ves the probl em®f cancelin®1Phe directional 10 conponent at all angles
ip the left side oykput, but t@gznusic conponent of the output decreases
by 3dB as the steering goes to full center. W can correct the coefficients
to avoid this defet8 by nultipdweng themby the factor (cos is + sin ts),
where is is an angli which is 6-ro when c/s is one, and which increases to
45 when c/s is Iaré and posit S 1n the foll owi ng equations, 15 the
angles is and tl arg derived fggq c/s and U .respectively: is = arctan(c/s)
- 45 ...(38) tl =arctan(l/r) - 45 ...(39) Note that ti here is different
fromthe angl e def +8ed previouBlOg for the center output. 20 In the

termnolo h evious p | e cgntrol signals devel oped at the
ilﬁputs to%@%‘rgl f‘vgi"?laﬂ ’é”bggﬁ'm$i‘i%ﬁ"@l P()%A_s) are called G, GC, GR and
GS for |efin 148k 8F théddHsudiid tREN6R YR bﬁ@ﬁ@&ma\tﬁﬂxycloeméieﬁwﬁ egent al

signals GSL and GSR are derived fromthese for the Ieft and right surround
VGA' scharime! vewsiohi ateent s ‘her e described use a |inear conbination of the G

v angl esol, = GBrtBes ) sk BOBS T YT " ter ived rom Ur, 1 espoctf iy

- LSR = -sin(45° - ¢l) - - : LT

15 and similarly for the right channel,
RSL = sin(45° - ¢l) : ..(78)
RSR = cos(45° - tl} + RBOOST(log ¢/s) .(79)

. For the seven channel embodiment of the invention, we add an additional
dependency on ¢/s to take into account the desired reduction of output in the left
20 side and right side channels as the steering goes to full rear, remembering that
left side and left rear coefficients were equal in the case of steering from full left
to left rear. The reduction of side output is accompanied by a boost in the
corresponding rear output to maintain constant power in the steered signal. It
may also be desirable to increase the cross term, which reduces the separation a
25  little, but apparently this is not audible.
We define a rear side boost function RSBOOST(ts) using an angle ¢s derived
from the value of ¢/s:
ts = 90° — arctan(s/c)
v‘}here ts varies from 22.5° to 45°, so that the RSBOOST function rises from zero at
30 ts=225"t00.5atts=45". -
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By the dgidQjihgns therein, G = ((cos ti - sin t1)/cos tl cinboyisdih t!

... (40) (sinis/(cosis +sints)) ...(41) 30 (there is a factor of
two that was omtted in the printing of the earlier patent), -31- |aced
Thi s Sheet Has Been Replaced ~Ul (RULE 26) hl Il SHEET IIILITETITIT 14l WD
99/ 12386 PCT/US9%$/18390 GS, e (1- sintl) , (cos tl - sintl) . 2sinis
u_(costs +sints) 1- - OS5 = 0 e costl costl (costs +sints)u ..(42) 5
(since thisghf a front quadrant), and GSL = GL ((1 - sin tl)/cos ti) = G
(see tl -t qq.) _ (1 -tan a (cos ti -sin ti) 2sints u _ (costs+sints) "

-05" 10 t1) KSBOOST = 0.58m(2(z4 cog2.5°)ysinis)u tan tl) ... (43) _q8g)the
| eft and right supplenental signals are given by: LS= -

A( 1- GSlandofos(thepjide-antputs,B) GS- BxGL ... (44) 15 RS=

o 00, 54848 G L O AT p TR SRR L

whigh beconmgsgRat tgin(@gnme gmpni pul ation, 20 LSL = LRL = (cos is £ (82n ts)

(sec ti - 1) x (.sec tl - tan ti) - sinis ...(47) The coefficients LSR
and LRR ar e B8bo= 6tf4b; —gflven by: LSR = LRR = (cos is + sin ts)--((83D.5 GC -
Q) RSR = cos(45° - tl) + RBOOST(log ¢/s) — RSBOOST(ts) .(84)

and for the rear outputs,
LRL = cos(45° - ¢l) + RBOOST(log c/s)

10 + 0.5 RSBOOST(zs) ' ...(85)
LRR = -sin(45° — £1) | ..(86)
RRL = sin(45° - tl) ...(87)
RRR = cos(45° - ¢I) + RBOOST(log ¢/s) _
+ 0.5 RSBOOST(ts) ...(88)
15 For the film decoder mode, we have to replace criterion D above by criterion

E, which entails boosting the levels in front channels by 3dB in all front
directions. The matrix can be made to perform this way by adding similarly
derived boost terms to the front elements during front steering. For example,
during left steering the LL matrix element, here called LFL, should be increased

20 by a boost function depending on l/r, where we define two angles:

tir = 90° - arctan(l/r) ...(89)
trl = 90° - arctan(r/l) ...(90)
Then (cf. eq. (27) above), _
LFL = cos ¢s + LFBOOST(Ir) : ...(91)
25  and for steering to the right, _ _
RFR = cos ts + LFBOOST(trl) . ...(92)
Both center matrix elements are also boosted during center steering:
CL =sin ¢ + 0.71 LFBOOST(¢s) ...(93)
CR = cos ¢l + 0.71 LFBOOST((s) ...(94)
30 These equations completely specify the additional requirements for a film
-37- This Sheet Has Been Replaced
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. ...(48) which becones, after sonme mani pul ation, 25 LSR = LRR = éﬂos s +
sin ts) WQ&MI2B86 - 1) - sin is ...(49) The rlght si de and PCIAISISAE380t s when

the input is steered between left and center can be found with the

previ ous nethod, but the steering angle used nmust -32- This Sheet Has Been

Replaced 1111111 illll SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 T

PCT/ US98/ 18390 be ts, derived fromc/s, so that it wll revert to the

right input when there is no steering. W need only renove signals which

are sdeeedar.to cent er. The equations to solve are: Right rear output = RRL

cCos is - ik 20 S d 2.+ RE =1 ...(51).. which yield
the sol utio Eﬁhg] h%%o cegge? %}éarﬁ-ﬁ?ri ea.kegﬁﬁmRzg)olby fg‘iég %%09’ he above
equat isaggedts f’thlaefthb eeBPACtHanidloutpht sKogldEbE Alded @b thedeft freheahtiggheor
rear steering, when c/s js negatlvethefollowlng are true: The left and

ri ght frantrowipibe with g gaipnef ol 0767 .  Wnile mle@epnrgiumctbptcemmt the

2% celRpht ARIGE B U AP 1BRSBAES YR Whano Wb i Ao
mat r | xighteBok eksmiply, GWh@ﬂ ,thysreeisina @tedring— ﬂh@&e*n%er ouﬁ is 0.R1E S0VIR.
nd RL =_s 7) The center matrix

el ene p&idlagé:mwnhf& é‘[ﬁdi rﬁghé anelés @ekefh@u@yttqf e1y5he+p@rﬁR andya sighdrapteut
deriveg i sRM 5L, ¥k &R YepdRERH S8 re@ledd o 615715 9.

To avoid this effect, it would be better to modify the left and right matrix

10 elements when there is center steering, using the angle s derived from c/s, so

that:
LFL = 1 + LFBOOST(s) ...(95)
RFR = 1 + LFBOOST(¢s) ' : ...(96)
LFR = RFL =0 . .A97)
15 '~ Unlike the previously derived matrix coefficients, these do not remove the

dialog from the left and right channels, and also keep it at the proper loudness in
the room, while maintaining full left-right separation for music as long as the
steering is in the front hemisphere. o
In a preferred five channel embodiment shown in FIG. 4, five of the seven
20 channels described above are implemented, and the decoder provides the left,
center, right, left rear and right rear outputs, the left side and right side outputs
being omitted. It is understood from the above mathematical description that the
circuitry for the left rear and right rear outputs of the seven channel decoder can
be obtained by similar circuitry to that for the left and right surround outputs
25 shown, with an additional 10ms delay similar to the blocks 96 and 118 which
implement 15ms delays.
The addition of the RBOOST, RSBOOST and LFBOOST functions as
described for the seven channel decoder, the film decoder mode and the missing
center channel mode in the last section will be simple'modiﬁcations apparent to

30 those skilled in the art. In the digital implementation, they consist merely of
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The side f side right outputs should have full separgtd yygﬁ;a
~ steering %@ﬁgg%&gr zero. However, the signal on the left m%‘faﬂg%bg rear
out puts nust 25 be renobved when there is strong left steering. W use the

previous definition for tI for center steering, tlI = 90 - arctan(10 ‘A {(Ur)
[ 20)) ...(58) as tl varies fromO to 22.5. Under strong steering, the
| eft side and left rear outputs are zero when tl 0 but increase with tl

?‘ES?&S'&& & aePitsiate botot exitesslons GeRv e Horn e naes faanadd ath
Repl ac p Eleﬂ&ﬁnﬁ'dﬁﬁ%é@@ﬁ%x@ﬁie dilektdd Hirdctiohl io tte coﬁéw}% l@ggm
99/ 1238 [ USA/ 18390 -sin t, the coefficients L, nmust

sati sf ycoements_hafore uesﬁ)nnmmre wrRiktiplications and Mldnole?uqumrsfid)fg s at the
ides and re an tudedrlng steering 5 follows FS(t = sin
thl sogetqﬂ?%?_&eéﬁgﬁﬂ‘e&nﬁgﬁﬁﬁlﬁnﬁ = FS(tl) ...(61) For the nusic to

h t | LSR =
S;’i\ést cons ( ?P%n &B?Qiggg&é}—@b{(‘ﬁ@ £ the mgﬁ@%larmﬁ%l\é 98 a8 %g@éxfecgé%l)f R

sin t| xeceive tex 1afy 2nd ngbssyeresphpmcfwdlg iaput ssgmalstlhbeledeA emd:B, svlgnh as
bef ore,

ars Ry, by oubofiee ron 4R Rnichd SR o RI2, Rept e ditishis 8 altesR =
cos 3t ltranshfidsionlseordificardd Fece: tlo(rﬁ*@)aybzbﬁ thi@h $ %aﬁﬁﬁd{d rodtiétion "
outputs are inherently free of t I i nput whent ere Is steering In the
| ef t remedéﬁladr ant, but we nust renove signals

10 The A signal at terminal 92 passes through a short (typically 15ms) delay
before application to other circuit elements to be described below, so as to permit
the signal processing which results in the U/r and /s signals to be completed in a
similar time period, thereby causing the control signals to act on the delayed audio
signals at precisely the right time for steering them to the appropriate

15  loudspeakers. .

The A signal from terminal 92 is buffered by a unity gain buffer 98 and
passed to a rectifier circuit 100 and a logarithmic amplifier 102.

Similarly, the B signal from terminal 94 is passed through a buffer 104, a
rectifier 106 and a logarithmic amplifier 108.

20 The outputs of the logarithmic amplifiers 102 and 108, labeled A" and B"
respectively, are combined by subtractor 110 to produce the V/r directional control
signal,.whic'h is passed through switch 112 to the matrix circuitry described below.
In the alternate position of switch 112, a time constant comprising resistor 114
and capacitor 116 is interposed in this path to slow down the output transitions of

25  the l/r signal.

The B signal from terminal 94 is also passed through a 15ms delay for the
reason stated above.
The A and B signals from terminals 92 and 94 are combined in an analog

adder 120, rectified by rectifier 122 and passed through logarithmic amplifier 124.
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_ 20 steered center or rear, so terms nust be .included that are sensitive to
c/s. RIYWM9%13¥8§e and right rear outputs are equal, excepPCTHSHIBIr ent
del ays, and we have to =solve: R ght rear/side output = RSL cos is + RSR
sinis =0 ...(69) RSL2 + RSR2 = 1 ...(70) 25 which yield the solution:
RSL = sinis ...(71) RSR=cos is ...(72) So far, the decoder design
neets all of the requirenents set out at the start. Signals are renoved
fromoutputs where they do not belong, full separation is -34- This Sheet
Has Been Foishdady, the Adand B signals are subtracked irsspbimartorel 26HHPn passed26)

WO 99/123 PCT 1 LNt ai hed.when o I s N eerhng, and the
oo CAER sREHaRY 18 AT torINHIG! SR HAE D 0" CTBe oferfila R i)

Unf orlogasitEhiic ateplifianol24esld B30 asé chideged HE@UbLRIFESY 532 86 pridués e
output in the rear quadrant. One of the assunptions nust be broken, and

lt he :s,iggal gisomhinhis pagsrd mWit@tm- ﬁhs aif@nr(;@t;iv? p@gitgzrgnf mési c
| i | T i
Bt © pobileh e B8 i PG eb Shrotich 1 bimd o SiaRR 48Eed Ry GTHEF 136, Coder

does aﬂ@tca?asilt&aisss Hiiiehl Bilage et calsvAus o ¥o dhe b ptRdidg édnpbgentgar . The
standard I | m decoder has no separation in the rear channels. W can get

t he rbl4 andebbB.affhurs fax, thecontrol vpljage genprajiameirauidikay bean described.case

o0 coptat Pl Bt SES kLR, uik B TliPlys Dbl S B B obaREp TR 06 1S o1
audi blogarithind'af/ tiey eatibe beesédrabhe ampltuday of Defe A bnddtight Bhandesf i x

elements to the rear based on_a steering angle tl derived fromthe U |evel
A& i ocendsT kummg padk perropndLdiffienence) of these signals. rati o expressed in dB

decr eases ?‘glezrﬁﬁ&ix‘g{i{e{r}gnggﬁﬂée ?@px%fseﬁﬂe% 65 BhE cirBit Blotkd 198NN 8N Ride/ S)

becones a l'arge neg
are each labeled according to the coefficient they model, according to the preceding

equations. Thus, for example, the block 140 labeled LL performs the function
described by equation (27), (54), (91) or (95) as appropriate. In each case, this
15 function depends on the c/s output, which is shown as an input to this block with
_an arrow, to designate it as a controlling input rather than an audio signal input.
The audio input is the delayed version of left input signal A after passing through
the delay block 96, and it is multiplied by the coefficient LL in block 140 to
produce the output signal from this block.
20 The outputs of the several matrix elements are summed in summers 160 -
168 thus providing the five outputs L, C, R, LS and RS at terminals 172, 174,
176, 178, and 180 respectively. As mentioned above, the RS signal is passed
through a variable phase shifter 170 before being applied to the output terminal
180. Phase shifter 170 is controlled by the c/s signal to provide a phase shift
25  which changes from 0° to 180° as the signal ¢/s steers from front to rear.
In the seven channel version of the decoder, circuit elements 152 - 158, 166,
168 and 170 are duplicated, being fed from the same points as their corresponding
elements shown in FIG 4, but with the coefficients LRL, LRR, RRL and RRR in
blocks corresponding to 152 - 158 respectively, and with additional 10ms delays

_40- This Sheet Has Been Replaced
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Consi der \?08%/1- ppens when a directional signal at tl = ZZﬁfﬁggﬁg@g down
i nto non-directional nusic. In this case, again, the log of U decreases to
zero as the non-directional .nusic becones predonminant. W need to

di stinguish this case fromthat above, where the steering goes strongty to
the rear. The best solution is 20 to nmake the matrix el enments relax to high
separation when U goes to zero, while keeping the nmusic |evel constant.

T, S o R o 17, iy Moy 131858ALY it e P e 1
45. Thegeffer tHecAreSBeHdinkarimbdte dlbfichts €Y BlockkOI66 anl, 168!t they cause
the output of a steered signal to decrease by 3dB when the signal goes to

the rear. Whlshoughan anglogyimplementatioopsrahovay in¥1G. 4, ibys equallyi ng t he
ot o POSPegaed FRAh be BRI Bitett SpbelRe i BER BT P NS dafoish e tionser
20 Sonstansy e kgmenal smthdsieh G spalyfocndl OB SpoR R
WO 99/ ;gm%bmlim%th@ﬁsskiﬂed BnRBEGHT, agd thedilock zghemagic ofIBIG. 49 5
-15 0. 3an Bé‘%egd199 inipjl%m%nggd a3 aoi;_)?olgra'rﬁ3 o%éxga(t)ting in such a DSP to perform the
various signal delays, multiplications and additions, as well as to derive the
signals I/r and ¢/s and the angles ¢t/ and ¢s from these signals, to be used in the
10  equations previously disclosed, so as to provide the full functionality of the decoder
according to the present invention. _

Turning to FIG. 5a, an analog version of the phase shifter 170 is shown. In
this phase shifter circuit, the input signal RS' is buffered by an operational
amplifier 182 and then inverted by a second operational amplifier 184 with the

15 input resistor 186 and equal feedback resistor 188 defining unity gain. The
outputs of amplifiers 182 and 184 are respectively applied through variable
resistor 190 and capacitor 192 to a third operational amplifier 196, which buffers
the voltage at the junction of the variable resistor 190 and capacitor 192 to
provide the output signal RS to terminal 180 of FIG. 4. This circuit is a

20  conventional single pole phase shifter having an all-pass characteristic.

The variable resistor 190 is controlled by the ¢/s signal in such manner that
the turnover frequency of the phase shifter is high when the signal is steered to
the front, so that the rear output signals are out of phase (due to the matrix
coefficients) but reduces as the signal steers to the rear, so that the rear output

25  signals become in phase due to inversion of the right rear outi)ut RS. Although
the phase shift is not the same at all frequencies, the psychoacoustic effect of this
phase shifter is acceptable and reduces the phasiness of the rear signals
substantially. As will be apparent to those skilled in the art, more complex multi-

pole phase shifters could be used, but would require additional circuitry in all of
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. 10 TABLE 1: Variation of RBOOST with c/s In terns of these results, the
left reWP 92386t matrix coefficients in the five channePCTHUSE B, e: LSL
= cos(45 - tl) + RBOOST(log ¢/s) ...(76) LSR = -sin(45 - tl) ...(77) 15
and simlarly for the right channel, RSL = sin(45 - tl) ...(78) RSR =
cos(45 - tl) + RBOOST(log c/s) ...(79) For the seven channel enbodi nent of
the invention, we add an additional dependency on c/s to take into account
t he desired reduction of output in the left 20 side and right side
chanribesutput ghanpels; spdt dees nop proyide s aest-effaesivecvaygf smaothlef t si de and

| o1 fefisifig bl iR gr W' Sne i cluldiSyibaRcugl sohsarlpa [rom full Teft

to le rea on o e ou I's acconpanred by a boost in the
cor r espondinnBIGe8b isshpwin & @onmentional vansblardigitatdelay eldhgerst #eitadayi gnal .
It may al so be Tlesi rabl e to .increase the cross term. which reduces the
separkft 1épd i 1pplemenhipg %daglaagpgpgﬂ@m?nwfsthesdﬁay tloek BI70. ofitheqareuit a
55, A 000%h AP, FAPERT s 3 o dBUER Pl ol o L1
t hat digralRIBEOSE foipetform thessmmeé fanctien asabr tBO analez pRabe shifberSofit is =
2 5 STl o EELESSh oS b b a3
Rsportr el bloel 208 ch uptt B whick S feu bRk syl oty G004e7 P -
.. . (8¥in g RoRne of dbedhiputd bf add&BB2OT (Theg RS signal RSBPPEEAts)the. oth8#)
10 input of adder 204 and also to multiplier 206, where it is multiplied by a

coefficient —g. The output signal from delay block 202 is multiplied by (1 - g2) in

multiplier 208, and added to the signal from multiplier 206 in adder 210 to

provide the RS signal at the output of adder 210.

While the performance of this phase shifter is not quite identical to that of

15  its analog counterpart in FIG. 5a, it is sufficiently similar to provide the desired

effect. '

FIGs. 6a through 6e show graphically the variations of the various matrix
coefficients of the decoder of FIG. 4 and its enhancements that are described by
equations in the preceding section to the description of FIG. 4, for further

20. clarification of the operation of this decoder. '

In FIG. 6a, the curves A and B represent the variation of coefficients LL
(LFL) and -LR (-LFR) respectively as the value of ¢/s ranges from 0dB to about
33dB. These curves follow the sine — cosine law as derived in equations (27) and
(28). The variation of RR (RFR) and RL (RFL) is similar in form for steering in

25  the right front quadrant.

The curves C and D respectively show the corresponding values of LFL and
LFR for the decoder according to the previous Griesinger Patent No. 5,136,650 for -
comparison. In these curves, which approach the value 0.5 under strong center

steering, the music component is 3dB too low, hence the new decoder curves A and

49~ This Sheet Has Been Replaced
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d for t tputs, LRL = 45 - t1) + RBOXST(I og 5
aRgBoong( (?95’%@%0” PIRR = -sin(zclgSg (. )(86) RRL ﬁt:ié’swﬁ%’g

.(87) RRR = cos(45 - ti) + RBOOST(I og c/s) + 0.5 RSBOOST(ts) ...(88) 15
For the fil mdecoder node, we have to replace criterion D above by -
criterion E, which entails boosting the levels in front. channels by 3dB
inall front directions. The matrix can be nmade to performthis V\B.%/ by
adding S|mlarl e edb st terns to t efro el enmepts during front
steeri By %’én%qé C?%ﬁﬁa%tleeﬁc V%lhév ije the Pﬂi CEIeafedle Nofier e

cal l ed LFL, Iﬁ@l&‘%l‘?%rb%%%ﬁﬁ% E8ryBE B ARORr e%?@%éﬂt?ﬂ%gg?%@ﬂhf}? on Ur,

V\herevvedeflnetwo angl e I'r 90 - arctan —90-
arct an (:oéﬂﬁ):lents (GD)andrbdh utldfer Vecsteéﬁﬂg fatraveentet FAdB) tweft $£33dB)-BORSTIEf r )

' = OOST(trl
- {ozpooBRiehneT e B SHBrulide Gt soust ”Soééﬁqahg%%we%éro) as
&Ll i BHe stderin 'Iﬁoﬁgs to_the left.FBHRH! <§>)ns1d %I%%’l BfSin! %%)czs}te
et ely %. Ty tnh

LFBOOST(ts) . These equat1 ons conp I onal
requi r semse wie tlae Steemng $7to tie sighiteet Has Been Repl aced SUBSTI TUTE 11|

When ther e TLMH5UER GremihEh R oPBRk L ARE C kDD Y dpaer IecRdeB it
L0905 il bonsonks stttk bSO gy e
r epr odas @st mhaindemest constanbnas tie abioe &t dodenpt nmeaﬂebgltheuteq@&&dBt he
Sefjr at on ble&rvr\ﬁ%g elé‘fG.agg, Curves J and K represent the values of the coefficients
LSL and LSR respectively as the ratio I/r goes from 0dB (no steering or center
steering) to 33dB, representing full left steering. The LSL curve J reduces to zero,
as it is removing left signal from the left surround channel, while the LSR signal
increases so that the level of the music remains constant in the room. It is clear
15  from the curves that there is a break point at 8dB, corresponding to a steering
angle of 22.5° to the rear. Here the matrix elements must total (in r.m.s. fashion)
to 1 when the input has only a directional signal. This is achieved if they have
values of cos 22.5° or 0.92 and sin 22.5° or 0.38, as can be seen from the curves.
In this context, note that l/r can be zero dB either when the signal is
20  steered fully rear, or when there is no steered component of the signal. In either
case, the matrix relaxes to the full left-right separation that is desired.
In FIG. 6d, the curve L represents the RBOOST: value tabulated above in
TABLE 1 and used in equations (76) and (79), and subsequently. The value of
LSL is too small when steering to full rear, so the value of RBOOST is added to it
25  to keep the music level constant. Only LSL is boosted, so complete separation is
maintained. The value of RBOOST depends only on ¢/s, as ¢/s varies from -8dB to
—33dB (full rear) i.e. the x-axis of the graph is —c/s, with ¢/s in dB.
Also shown in FIG 6d is the curve M which represents the value of
RSBOOST. In the seven-channel version of the decoder, this value is subtracted
30  from the left side coefficient and half of it is added to the left rear component,
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right. For exanple, when there is no steering, the center output is 0.71L +
0. 71R. W@@i2386this to left and right yields a | eft out RET/G$ISMSIP + 0. 5R .
and a right output of 1.5R + 0.5L, so that the separation is reduced to
0.5/1.5 = 9.5dB. To avoid.this effect, it would be better to nodify_the
left and right matrix 10 el ements when there is center steering, using the
angle is derived fromc/s, so that: LFL = 1 + LFBOOST(ts) ...(95) RFR =1
+ LFBOOST(ts) ...(96) LFR=RFL=0 ...(97) 15 Unlike the previously derived
mat r whaoetderzighetyearlefe rear (rdidB)etoofnd! réer (-33dBog Agaim, the alxef is and

ri ght ,chann , .al so _keep ..t _at th roper loudness in__the m while
i ARG tif FPyR EoBs Bapa et o BrS e P e iy ouating BB cer i n
i's i jpbke. front hemi sphere. In a preferred five channel enbodi ment shown in
FIG 4, five of the seven 20 channels described above are inplenented, and
t he decoddtinglyyiniFIG 1be isathown thaeerve N which regnesertsrthenvarintipn ofear

t . the left side.and right,si. t pu bei 1tted, 11 i
(haoibE sotEHish TaEaBt e drRdniin bhsBak et ErbbhET vaitheRery for
the lgefd sideaurapénd ichBhneRafo RESPHS I6ifel bienS€y @onstaanas ddseaped abave be
obtained by simlar circuitry to that for the left and right surround

out psubsegueottheawation 439addi ti onal 10ns delay sinmilar to the bl ocks 96

d i o | . . . Lt . .
and Lracos iRk Bt ol chaBE 4f BB an SRC Shbha il A Rn TI0T

decodasvieninitdadlh encodif g enetally eind pantiehlarbd@iilnréfecerioasio gection wil |
be sinple nodifications apparent to 30 those skilled in the art. In the
W gi tdecoder, pmbodiments presedfe¢ 8R8¥&t nerely of -38- This Sheet Has Been

) 2ccd, TR AL sty LSUEST, WUE SIS R 6, o0 12500
angl esrrespandinglywiinbepgrbtaminale68e50N52] 5456basspkativelnas dhethieed
_ dir ecéric?)gext' gf %q& %(?r %‘(?I? 23&9 io? %hgsaet sriigﬁals there is a corresponding leve! detector
and logarithmic amplifier to provide signals proportional to the logarithms of the
15 amplitudes of each of these signals. These elements are numbered 212-230. The
logarithmic signals are respectively labeled lsl, 11, cl, rl and rsl, corresponding to
the inputs LS, L, C, R and RS. These signal levels are then compared in a
comparator block (not shown), whose action is described below.

Attenuators 254 and 256 attenuate the LS signal by factors of 0.53 and 0.83

20 respectively, and attenuators 258 and 260 attenuate the RS signal by factors of
0.83 and 0.53 respectively. '

Each of the five input signals passes through an all-pass phase shift
network, the blocks labeled 232; 234, providing phase shift functions ¢ and ¢-90°
respectively for the attenuated LS signal from attenuators 254 and 256

25  respectively, blocks 236, 238, and 240 providing the phase shift function ¢ to each
of L, C and R signals respectively. A signal combiner 242 sums 0.38LS with
-0.38RS to provide a center surround signal to phase shifter block 244, which has
a phase shift function ¢. The phase shifter blocks 246 and 248 provide phase
shift functions ¢-90° and ¢ respectively in the RS channel from attenuators 258
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coeffici ) re performng the nultiplications and addit] I red
to gene’S’g{’zgl?ﬁégnatri xed output signals. 5 In the decoder P&a‘%@iﬁs’@?’ 4,
the input termnals 92 and 94 respectively receive the left and right

st ereophoni c audio input signals |abeled A and B, which may typicaliy-be

outputs fromthe encoders of FIG 2, 3, or 7, directly or after
transm ssion/recordi ng and reception/playback through typical audio

repr oduct,i nmedia. 10 The A signal at term nal 92 passes through a short

(typi pW@f?ﬁﬁp%%Wé%y' before application to other circuit elements to be

descri bed bel giinalGodsbibPn®ehdlirix 2508 theRRL IS ﬂgaee@hﬁﬁtédegy't%g in
. e

the I'lr and c/s signals to be conpleted in a simlar tine perio r eby

causi nattématon25d, veithypain sin Gl the 1iS{g-06Mayigahutieauaséd bg! theat
precisely the right tinme for steering themto the appropriate 15

| ouds p@dtesruatom 2564 veithyrgain foos e the Adip) eimial, the C¢ppdignal awithi gainghi7a7,
buffer 98 gnd passed to a_rectifi circuit 100 and a |ogarjthmc

anp% i f ia@% %*ﬁzs ORRTY $1B§l,ﬂ? £h @-@@mﬁ-%ﬁ@ﬂléﬁl phage dvhichoisslabelad8odhh a
buf f er i bffel : B hg anplifier 108. 20 The

out put é&gﬁo?ﬁge F@g%?futt gPéQg’%%sziﬁér@g%%hg%&logP | abel ed A" and B"

respectivel yA simélaganhtrie @52/ s@mBtthacRS( HIdiBnhPwRtP AL sih @, 1 tigh r ect i onal
control signal, which is passed through swtch 112 to the matrix circuitry
descri RE(HbAShsignal with ghitaondg,, pheiR(@sigialsvhe O(¢) s%ana witheggionst ant
conpri sj ng resi Ei_lor 114  and capacitor 116 is interposed in this path to

sl ow dOWAOT-nend the (%) sigrals topEodnce tre right|qutpyt ﬁat termhinad 46.gnal from

I nal 94 A4 . ' ' 15nms d f h d
2o, The AAETE AR Oon it G BT S mislc e Sea SR ERRIAE | 1 an
ogar ) Chog o pigndl 5], B €6 SRRl ih e SAuANE 1ARRET 1 208 Ebadimment

SHEET (@RWbE ipgentioni11 JI1| 111111111 WO 99/ 12386 PCT/ US98/ 18390
Simlarly, t A and. [

I?,S| nal s are subtracted in_subtractor 126, then
passed t hr ouYy/Renguer islds I¥nger-than aguafitheiremaiping signalsotheh® si gnal s

fromt tll‘i)proaches 90°, otherwise, ®,¢ approaches 0. These values may be extremes of a

15  smooth curve. Similarly, if rsl is larger than any of the other signals, O

approaches 90°, otherwise ®,4 approaches 0.

‘'The particular advantage of this mode of operation is that when a signal is
applied to the LS or RS input only, the output of the encoder is real, and produces
an Vr ratio in the decoder of 2.41:1 (8dB), which is the same value produced by the

20 simplified encoder and the passive encoder.

Turning to FIG. 8, which shows a part of a decoder according to the
invention having complex rather than real coefficients in the matrix, the figure
illustrates a method for generating a third control signal ls/rs (in addition to the
signals I/r and ¢/s generated by the decoder in FIG. 4), which is used for varying

25  the additional phase shift network of FIG. 9 that is placed ahead of the decoder of
FIG. 4 in order to effect the generation of complex coefficients in the matrix.

It will be seen that the A and B signals are now applied to terminals 300

and 302 respectively, instead of to terminals 92 and 94 of FIG. 4. An all-pass
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| ogarithm c anplifiers 124 and 130 are conbined in subtractor 132 to
producewond12386 gnal c/s, which is passed through switch RGH/US88390, -
alternative position of 5 switch 134, the signal passes through the tinme
constant formed by resistor 136 and capacitor 138, which have identjcal
values to the correspondi ng conponents 114 and 116. Thus far, the control
vol tage generation circuit has been described. As is typical of such
circuits, the U and cls signals vary in proportion to the |ogarithns of

t he rphaseshifit netavonkn304 having e phase fanction, ¢§)raf freauencyfa add a10 cent er

su and, S r | i . ' I S are
Fepr seEnpd DT Enafd STt ARRGLE 30 1Ving sHE Bittnce fubeBoTp-00F HBEG0E
accorhena s‘i@élrﬁoﬁpﬁéﬁﬁi@ﬂat 1300 "Ekie phdst shited sifiny] from! 304 iy atteduaged
equations. Thus, for exanple, the block 140 | abeled LL perforns the
f uncthon fagkesc -OZIm ptieauwaton A0B and tl(eskgg,gl(;@gyagra@g)p eaggﬂiﬁ‘gri ate. In
each gasse, | f ' i | as an
AU EB%: fbt 3o e PR AR P BICE R B, £l 2ughBtlr 10 Th SufAER
r at hegttéimastozs 3080and S1gnate sumpmied i bemanel 812nput is the del ayed version

of left input signal A after passing through he delay block 96, and it is
mul ti pl i edChg B ﬁgr\@é@rtfﬁeemémlo 802 i Dapsrdct r&@giﬁoalp Ph%»*‘ogh%t si gnal

from ¢ hi I ' tA ik - s4inmed
o uhehaerR B so Hat Hic ARl S Sl SEXGS BlarFh A shiffeE BT Yo" IR0
t er m gpadigndV B afl THe outpst ofl pRaseashiftsdBI4espectivel y. As mentioned above,
the RS signal is passed thr h a variapl e phase shift 170 before being
dfpl i ed t olhROWHEPE Stlg}lﬁ%gﬁ% lﬁmSSﬁgg%o pHeputey §iﬁaﬂﬂb@a} led by the

c/s ok gghgfpen%e d.rd(?.4ﬁ RAASS iy %@ﬁﬁﬁ%&hﬁé}aﬁﬂ@%@m@iéﬁﬂm@s t he

si gna eers rromrtront to re e seven channel version of the
decodthie phaseuhiftel sigrat B 520 shifié; 3146 Sind by nihel Aetpateof hlyasiectifiedr
being _fed fromthe ganme points t hei r, correspondi el enent s, shown in
I G 431808 aKiRtatad HoRHPRUALT S0 MLLD LhRsema TRty DA S70 PO £

corre 928 QyHere it id 2R de@SteetHd ¢ oRRAMYED 3a0dithe Phake kBiBedel ays

- 40- I's Sheet Has Been Replaced 11111111111211 122 11IT1111  SUBSTI TUTE
JHEETsigRALE Tis) pavdiodat chaes pEToeffgdynts inpmttenuators 308, 310, 316 and 320

are made so that signals applied to the LS input only of the passive encoder will

produce no output at the summer 308 and a signal applied to the RS input only
will produce no output at the summer 322. The object thus is to design a circuit
that will recognize as input. of the decoder the case when the signal is only being
20 applied to the left side or right side of the encoder. It does this by a cancellation
technique, such that one or .the other of the two signals goes to zero when the
condition exists. '
The output of summer 318 is passed into level detection circuit 324 and log
amplifier 326, while the output of summer 322 is passed through level detector
25 328 and logarithmic ampliﬁer 330. The outputs of log amplifiers 326 and 330 are
passed to subtractor 332 which produces an output proportional to their log ratio.
This output may be selected by switch 334, or the output from the R-C time
constant formed by resistor 336 and capacitor 338, which have values identical to

the corresponding components shown in FIG. 4, may alternatively be selected by

—
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simlar %V?Oﬁ%’?%’?? 96 and 118, which may ,bé I nserted either P%ﬁi% §59;,hese

bl ocks the correspondi ng sunmer el enents. to bl ocks and 168.
Al t hough an anal og inplenentation is shown in FIG 4, it is equally
possi bl e, and may be physically nmuch sinpler, to inplenent the decoder-.
functions 5 entirely in the digital domain, using a digital signal
processor (DSP) chip. Such chips will be famliar to those skilled in the

art, and.the,Block,schenpii¢ of. Fl 4 111 be.readily ipplenmented as a
progr aﬁl_w(}t)‘g’_f Qtt‘;’f‘r?dlq R%fé&?‘égﬁéﬁ%% ?%ﬁr"r? tsﬁ%en%ﬁgﬂ% 1§)|%nal del ays,

mul tiplicatimigs gRél speshitlsR8SvilPEitWe! bedd ndkiffRih iSositife vale¥hnh sgshlc/ s
and the angles tl ancfl_s fromthese signals, to be used in the 10 equati ons
pr evi ods [appliedctoodeiLSsimpad afdherpassiie ehepden] br humekinoma negativettedue

decoder_, accor.ding.to _the prese i.nvention. Turning to FIG 5a, an anal og
Ver si OHVIB?Hlah%gﬁﬁgé%agﬂlt]l?i@?e@?gé$§ngﬁ . In this phase shifter circuit,

thesinput siPR&lpurposd of Bié ERARA 19¥s 38 tOREAGLI @A8linpatPhiakts appfiddagdhichen
i nverted bé a second operational ar’rE fier 184 with the 15 input resistor
er o

|
186 andlesq f d6h 4c kFpr dhist rrasengthe nietwark ofFl(r. Gaisrintamosed hebutesnof

anplifiers, 182, and 1 re.r ctivel | i t gh variable resistor
190 anc];%@app‘aa%q %rgﬁ%i% %pgh?(ﬁﬁsge]orﬁé?#i%%%d%#??ér Il196, whi ch buffers
the vol t age Bhe ich@uit/BéwANnFIGhe iMaiideBl£phesd Shifter 942 FHHaRBFahbAbn192
to provide the output signal RS to terminal 180 of FIG 4. This circuit is

a 20 copvwhithomay be thesages shiftersas S1fineF 1Giadi fdlosrechby -ayasttenuator 344
h teristic. T i abl ' 90 | trolled the.c/s signal
020 e ARG e ARt RHER ARG 585 B e il hoPhane ShHES: 346, Fhuch radn Ph
wh Lgnal i - : i gnal

re out ;8 skifief WS F1C, 1 oF kblse SBACKOR oo, I Do Bilougdne!

si gnal . atstgestor! 348 REth edtemudid fctbP 8ird 6B, MRPBLtAPsSIfHREFuRERE BA4 N
phase due to inversion of the right rear output RS. Although the phase

shift ianhdd8: swe samened byl surhmeqBHY teprovide poyatified Aisigmlaftfterminél t hi s
phase Lfter.ihs. acceptabl e, and reduces the. | n of the rear signals
substarﬁ% IW{PC}%\ES EE Eecilﬁ'pﬁqlgfﬁcg‘f%?ottﬁ%ﬁagﬁ# Pgiﬁ n%he art, nore

conpl ex nul tin thellewehaset ShIFTGELS tROW didifhl 4§ Aplidd! toRthAnbP8OR! £ in
additional circuitry in all of -41- This Sheet S Been Reﬁl aced ITITTIITTI

| 1111 FIG. 8, and in one branch passes through phase shifter 354 of phase function ¢

and attenuator 356 of attenuation factor cos ©,s while in the other branch it
passes through phase shifter 358 of phase function ¢-90° and attenuator 360 of
attenuation factor sin 0. The signals from attenuators 356 and 360 are

20 combined in subtractor 362 to provide a modified B signal at terminal 364, which
is to be directly connected to the terminal 94 in FIG. 4. The result in the change
of phase is to produce better separation between the LS and RS outputs of the
decoder (as well as the LR and RR outputs in a 7-channel version) when only the

LS or RS inputs of the passive encoder are being driven with signals.

25 The relationship between the control signal ls/rs and the steering angle O,
is shown in the inset graph of FIG. 9. As ls/rs reaches 3dB, the angle © ¢ begins
to change from 0° rising towards 65° at high values of Is/rs. An exactly

complementary relationship applies to the other steering angle ©,¢ which is
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. SUBSTI TUTE SHEET (RULE 26) WO 99/12386 PCT/LJSQO 18390 the output channel s,
so it dWOLMBWB6provi de a cost-effective way of smoothly P?W@?@Wﬁﬂ"t‘he
phase of the one rear channel where. this is desired. In FIG 5b is shown a
conventional variable digital delay elenent that nmay be.used in -

i mpl enenting a digital enbodi ment of the delay block 170 of the circuit 5
of FIG 4. In this circuit, the gain value g is controlled by the val ue of

control signal c/s so as tol})erf rmthe same function as for the anal og
phas econfrgliest by the pnyerssof Isirs; whach: wieceall rs/ls, sodhgh arkempsfls exceedsadder

200 | d A | | 202.. - f whjch is fed
back S0P TANRLE O Peits R topredt bR Y, Bifiank HowaaR A Ayilda ALy 00
The R$igeS| l...hS :appl:i : [ f 4 |
it 1 Sr B eSSBSt AT ALDL T e, P EREaHE O 2 1
si gnadpeffi@BnelebM¥ctiN €19 bedbrmiel doniplekidid ROt phise changddlat the inphisefo 208,

3

and added to the signal fromnultiplier 206 in adder 210 to provide the RS
sb gndiheamaim @agtiop the decodpreshonm in Wi &-t he performance of this phase

Blo oa, TG0 pSwatEl b BrerbReh BXmBloinichy drat AR AL FRRR )
6a t hireuOthLeoSRIW, Prbanineslifying blee Yabsashifbhebwotke ThkimuabeRbof iphase

coefficients of the decoder of FIG 4 and its enhancenents that are

descrshifignefworks can bygeducad by seeduningtherealgignalsthaforpesendipgi themf Fi G

4, 1 Ol bHEbEe SOHC R EREALOR AluldSe BRELA LR Shokier, 92689GasLN FI G

6a, r'ves represent e Vvariation of” coef (LFL)

30d - 4R nbEiirkseSPRE ded@tiption dff@ Ml © Qfis elso siansiefed r O) Qprbacidiout
33dB. These curves follow the sine - cosine |aw as derived Tn équations
(27) @bidwheadpl/rsihe graatexttham 3dBRERnd RERPrwisd iRIzef&REt ias ivi thiel decoder f or m
for steering_in 25 e right front, quadra .The curves C and D '

r espe®esign] -y Likeswisen lﬁ(ﬁptpé'g%?ﬁﬁfi% A/ PHé’§D’ 1§ greatsy tﬁEPI@‘ﬁgra‘é‘ﬂ]e decoder
accordiing to the previous Giesinger Patent No. 5,136,650 for conparison.
In th‘gtgﬁ ﬁ%/less?ex\%hi ch approach the value 0.5 under strong center
steering, Ih&IGsi(; elanpnteadrrespadiBng a0 thoye ihehe eightehaléowf BdGoder curves
A _and -42- This Sheet Haszgfgn Re '

| gced _ _
15 namely the attenuators 60 anpc‘ tahe $-90° phase shifters 234 and 246 have
been correspondingly numbered. In order to provide a more detailed discussion of

the difference between this encoder and that of FIG. 7, the elements of FIG. 10

not so corresponding have also been numbered. It will be seen that the
coefficients shown in signal combiner elements 242, 250 and 252 of FIG. 7 have
20  been extracted from the signal combiners and applied separately to each of the
relevant signals in attenuator elements 262-274, and that these signals thus
modified are combined in simple summing devices 276-284, while the five ¢ phase
shifters 232, 236-240 and 248 have been replaced by two phase shifters 286-288.
In FIG. 10, the signal path for the LS signal from terminal 62 of FIG. 7
25  passes as before through attenuator element 256 and ¢-90° phase shifter 234,

then passing through the actively controlled attenuator 270 having attenuation
factor cos O, this being the coefficient formerly shown in signal combiner 250 of

FIG. 7. This signal is summed in summer 276 as one component of the signal
output labeled A at terminal 44 of FIG. 7. |
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PCTI USQS’/J%é%%%E whi ch neet at 0.71 provide constant rrusigj eve?l,lssv?/gi | e
the old curves do not. In FIG 6b are shown the curves E and F
representing the center coefficients CL and CR under U steering from-.
center (0dB) to left (33dB). The left coefficient CL increases by 3dB
while the right coefficient CR decreases to zero as 5 the steering noves

to the left i L ar |.der abko i i he i.t e;_§sense _when
the oteer npbS S pEATRY e REERAFRL Yoltiing! b4 BF FABE TP iilag] o0

r especthirsafl atteivhetote238landqfhade dlesicr @46, Thph ethirough RRtivet attehaa frCETH

above, showi ng that again the nmusic level is not malintained constant, as
t he cuhading atdenuationosefiicient bys Bhe, formerhepasef sighal uoméngelt g5flsd|§ 6¢c,
Curve apd, K repres the values of the coefficients _LSL an

res pei}f‘fcé‘fe?ymﬁ“{n?ée? ggbo‘” Tesds aerRRMneRiokthasigngl dabeledi B at

st ger i nihal 3896k pigpresenting full. left steering. The LSL curve J
reduces to zero, as It is renoving left signal fromthe left surround

channel , whThe sigeall gitlsfgntile cénter sigesd Gcfrcﬁrhaierhﬁﬁal 52aif EFG.Lﬁ@a@ﬁé‘d c
remain onstani in the ro l.Lt. is clear 15 fromthe curves that there is
a br eaﬁr%oﬁﬁf’ugh affenuator 268, yith aktenmation eqafligent Hgl.cafter whichibig he

rear. %@1?%& 26 s dale¥s 78R 2881 Fhi tsi'gP%i %Jm%ﬁﬁiﬁé‘isgbfbg)ﬁ‘ld.% when

the in as only a directional signa IS 1S achieve they have
val uesapplied dietly tar s@mdRern2?8siTheR figanl Godd tenairdrsdef Fen f {som t he

" 105 °apalied diresty e sy 5&%221‘11#@.3%3?@2 i 3 :eéjrfg@d?e:@f)ﬂmwgre; “’gfg@%ﬂgﬁgrgna'
' | ' 5. Lo the deft-ri

separ a5 anafil tbue3hive el B 2eEMIE Bk Bpbltn dheffieiBhlists Hie tadbest

val ue §adihé 20‘8@@1’1{@R81sigﬁé@iﬁals@?ﬁ’sééﬁeﬂllrlbﬁgﬁ%ﬁéﬁ%r(2@ aﬁ?ﬂicﬁi%%) , and

subsequently. The value o LSL is too small when steering to rear, so
t he vahtlenuat@BRIBEWith aidemdation icoefficidet ©gpo the somsher 1282 Fhodlby, ajhie.
' osted, .so conplete separation i s nmaintained. The val ue of

Only LS is b : ] . .
RBOéSTEge‘Tlﬁﬁag passep rough atienuator\263 of coafBrieng (838 @nd HauBS signial r ear)

i e t el ' Lth i n.dB., Al hown,in FI G 6d
| 35, | PEerDugh 0En Al na4 of heTHclirh " £58 b Byondbed SR Refrie o0,
ver si osumimed én danmber, 284 ikeforel the resudtiby applied to summer 278 with positive

sign and summer 282 with negative sign.
The output of summer 278 is passed through ¢ phase shifter 286 to
summer 276, and the output of summer 282 is passed through ¢ phase shifter 288
20  to summer 280, summers 276 and 280 respectively providing the signals A and B
to terminals 44 and 46 of FIG. 7.
Examination of the attenuation and summation of each of the signals LS, L,
C, R and RS into each of the outputs A and B will show that these output signals
are identical in content to those of FIG. 7, but with three fewer of the expensive
25  phase shifters relative to FIG. 7.
In FIG. 10 is also shown graphically the relationship between the angle Ors
and the value of rs/ls (or -ls/rs) for signals steered in the right side quadrant.
This angle affects the circuit elements 272 and 274, as indicated by the arrows.

An exactly similar relationship exists between the steering angle 0,4 and the
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30 fromthe left side coefficient and half of it is added to the left rear
componeWO 99112386 Thi s Sheet Has Been Repl aced SUBSTI TUTE PETAUSPY/I8390SHEET
LTI (RULE 26) 1H1TTIT 1 WD 99/12386 PCT/ US98/ 18390 when steering
between left rear (-8dB) to full rear (-33dB). Again, the axis is. -(c!s in
dB), and this curve goes fromzero to 0.5, as expressed in equation %80)
above. Finally, in FIG 6e is shown the curve N which represents the
variation of 5 the correction factor (sinis + cos ts) with the control

si gnalalae of fgirs, dbiis engleeaffecting girguiti elements 868dandh2Afel s t o keep the |evel

of nusic nst.ant Cl.i bave. sub ent to eqguation (39). Turning
to FIG 7?10 %Pgltpsﬁ@%ggfi ae{hgﬁg?(f%f Sé;rb(?a’d'ér%ﬁgﬁil? Xﬁ%s ad in novi e
sounGohatiactidao the asddes| o\ FIGAND. PRhbs< blemiditsVtihiall dr8f@nfiadbleoin he 10
decoder enbodi nents presented above. In FIG 7, the sanme five signals LS,

L, cfunctnn are thesefapp musabengd: eoarespondinglyn i beyeyaneusayerainewr m nal s 62,

o ondtemprits, She BRREN (otof Mo vaRBHRE BlteRudthes 290-28% ABATHT | 00
t o prewnbeER siglogéndrabioslentuitl 292, 295, |'Dﬁéﬁi'r1£ﬁﬁ§nﬂfodtbﬁt téEmpigls iHavdes of

each of these signals. These el enments_are nunbered 212-230. The
| ogarheeppambiegedin carrespengents wath FIGpéi ed 1s1, 11, ¢, rl and rsl,
e

.correspondj I S, i ' vel s are
t hen corrpgir‘}g% p%%pgé%g%lgbfgﬁlg?&g%ﬂgonﬁﬁgfe%%gﬁ}s}ﬂgﬁre?g%%% tlhg descri bed
bel ovbaldht« butiesrs stivhghndtadvbd dtdrevrsighalst died kfasiconad thy rkdaétdss o6f 0. 53

and 0.83 20 respectively,. and attenreg,t ors 258 _ar]d 260 attenuate the RS
40 gnatepgyatigr iprespense) t@simylanesnas fedt sier and righteside signalge Whea i nput

i an D, : . |- .- , i, .
abel Gy Fierpd SRR SCd i BEReD dBRRrS O reh aiBlchs, (B DRUETER ey
for thegiatcormumilad tyBe if gleabdér, dre. at thisuatserme tibtande@SEriterion E,

rather than criterion D, applies a boost of 3dB in the front channels. This boost is

quite audible as a shift in the balance between dialog and music, for example.

15  Typically, in mixing a soundtrack for playback with a Dolby-compatible decoder,
the recording levels of dialog and other strongly steered front channels is
compensated by the sound mixer who listens to the sound track through a decoder
which applies this boost. However, five-channel films encoded through either a
passive ehcoder or the type of active encoder discussed previously with reference

20 to FIGs. 7 and 10, will not be so compensated. _

In the new encoder, the three front signals L, C and R, are passed through
three variable attenuators 290-292 respectively having gaﬁn coefficients GL, GC
and GR. These coefficients are controlled by s_teerihg control signals derived from
the outputs of the encoder. To do this, the output signéls A and B are fed into the

25  inputs of a steering signal voltage generator 294 which comprises identical
circuitry to that of the decoder of FIG. 4. The two steering voltages I/r and c/s aré
thus derived, and will be identical to those generated in an active decoder. These
two steering voltages affect the gain coeﬂiéients in the manner shown in FIGs.

12a and 12b. The signal Vr and inverse r/l control gains GL and GR respectively
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25 respectiwehyare bl 0Cks 236, 238, and 240 provjding the ph@?ﬁ-,@#& f1k300
functi onﬂgb;ég)%aggh of L, C and R signals respectively. A signal conbiner

242 sunms 0.38LS with -0.38RS.to provide a center surround signal to phase
shifter block 244, which has: a phase shift functi-on 0. The phase shift.er
bl ocks 246 and 248 provide phase shift functions 0-90 and O respectively
in the RS channel from attenuators 258 This Sheet Has Been Replaced -44 |

I I I O P Y I Tl E_SH E 2 .99/ 12386 RCT/ }JS98/ 18390
and 260" FAUBSRE F0AoR 28R, WANICERE G b Rism et 296 1 Snpt 8y 65, 7ci gnai

attenuat ed bhiehel/r ¢ pBSiHERlstdring 4 t8 tB&il&f S ithe Fabue OFGL iSTreHudé Avngnal
attenuated by the attenuator 256, with gain cos OLS, the L(qg) signal, the

C(O silyaetording tgiha aurye shownainiFiGe 12a; whiledthe yalue & GR remsirs at 38RS)

i th ' /S ; t t duce the |l eft output.signal A
Bttt MRy WhER, i is B8gaSe Yolsal et RORANIEY bbtn kA 0 385 |
01{5, tdevRHn 2elatiirgt@l| /) thhilaithecadubof GL 8 eomitdntHtInalLikbWese when
signal with gain 0.707, and the $((b) signal, to produce the right output
B at tdieifrant/aear steering gsdsmosiivmiteerad © Hirifronky theegaindeCaepdeasisnth

on t I i t.ude, sj I 1 Ll oand rslodn e follown
manner 5 2pRrretibh SV LR TG tan, bt GE el T rehdh 16 CmieRi iR
any of pdgativaThengusyedhdlIG. 12€hs Chdinvdiie dfchecude 0ishowH 5EFICGL Be.
approaches 0, These values may be extrenes of a 15 snooth curve.

Simlarly, iineg thesls apded/s signnlagye genenatesh Withisiagfredbaciokenmpprconshes
S0R00! et gL P ANRaTas e 06 ARG S NBRARE o BRIS !,
out put tife froat simmalerwilbexsetly neatdhthedsss applielirtor then® ih thi filnd @ees@sr. of
encoder TRRAeEHE G1dis v UaRG AP, TR B o aETBor siatseassheRacipar t of a
decoderyResefifll the bAahlE of the original discrete mix when the original five channels
are encoded to two and then decoded back to five or seven channels. There is in
15  fact very little loss of subjective quality when the two channel version is compared
to the five channel original. Most of the time, there is no apparent difference at
all. |
A further improvement in the encoder of FIG. 11 is the addition of the gain
coefficient GS of variable attenunator 293, which is controlled by the control voltage
20  generation circuit 295. The gain coefficient GS acts upon the signal from summer
284, which is the difference signal between the left side and right side input
signals (multiplied by 0.38) The purpose of this side difference signal is to provide
the proper negative value of the ¢/s signal when there is a strongly steered left
side or right side input to the encoder. However, this side difference signal
25  reduces the separation between left side and right side inputs when both are
present at the same time. This reduction in separation is particularly important
in the case when the LS and RS inputs are nearly equal but uncorrelated, such as
during music, applause, or surround effects like rain.
During these unsteered effects, we would like to disable the difference

30  signal, and this can be accomplished by reducing the value of GS whenever there

-51- This Sheet Has Been Replaced

SUBSTITUTE SHEET (RULE 26) l |II|I



. I nvention having conplex rather than real coefficients in the ma%al , the
figure WOPPABBS at es a nmethod for generating a third contfHVUSBGARY I's/rs
(in addition to the signals hr and c/s generated by the decoder in FIG
4), which is used for varying 25 the additional phase shift network_of Fl G
9 that is placed ahead of the decoder of FIG 4 in order to effect the
generation of conplex coefficients in the matrix. It wll be seen that the

A and B signals are no appl i e ter 0. and 302 respectlvel Y,
i | nst B0 Strang euTlations qseaf)eé i Tight side sygnals appliegfiostheneet

gggtm epl aced || I |1 U1111111111 111 VI I I SUBSTI TUTE SHEET (RULE 26) WO
99/ 1 CT/ US99/ 18390 phase shift network 304 havi ng t-he phase function
g(f) of fﬁ‘h@qmusynée ofinairal atiec cax beldetpﬁnmqmﬁsm the Steeriigwoltagéd havi ng

the hase nct r.e(.f) 90 re i v theASI f.rom t.er m nal 0. The
phas Hexed fEomct $ sidle tnpitisda t %Fﬂfiaet wiing@ a@ntrﬁ?

t eQHRE%é tg%ﬁéf) It?thcﬁ%ui@% Bﬁnﬂﬂ?% Rhit tn RIGEENS IO Ghich BhY %ocﬁw?&!@ 306

I's atten e factor O.. I n attenuator 310. Teoutpu
att eﬂnmbmmsroB@fgnaisI 1919 aade:séasm‘r’ﬁhle ﬂs:(rs atamngsmﬂtag’mwaa asgdarived drer ni nal

o0t pbe BREas RevsSors br B Beti Shladitr Sty gn G o B! el $He valBEs 8t ne
ot Eﬁjaato PR R this Ruburd & Telained B inglnRoEIee BIG. A0 ARERRNA N OV

sumMeircaitBy detefinds itk Addedatle coidppnehas ef s bidetksighaial BBtH tlQénlsﬂf‘é fter
314. Simlarly, the output of phase shifter 314 is attenuated by

1 t eandiosfss3signals eontiel thmeaimaGSoef aitanuaiy glemend 208. Thenlefrs smpa,lher e it
f 3 h
s SR B IV O e PP S A8 o The

are Iﬂ‘EﬂIi@ catidlattheisgeatisg apgle et itnOattbﬁub.ﬁ)rIsmﬂ and|2740f t he passive

encoder will| produce no output at the sumer 308 and a_sj gnal appl ied to
the RS .na‘the ‘é?.lwzo L011s phgadetermingg putaking tee krgaeof she ab?ﬁjél 8bj ect

t hus | t Bs ecoder

t he (‘:’lgg%é e gsih%lé &ICE/SS Qﬁ{lﬁggn%“gzgﬁg%;fl e tgi@ﬂiﬁ% %t SI g or right

B de subtrtdeﬁxgtﬂmjmsult froutmés Thus amy s.imahwéth am'rrelratldmcﬁ'ﬁdﬂuﬁ' meueh t hat

one %ﬂlt Iheesu tE Pne (613 f= { gg t}l\a%) tﬁ(ia Rgcl) erg\?rgr ks as befor (:‘V\IGSP when uncorrelated
signals are applied to LS and RS, the value of GS will diminish accordingly and
the decoder will revert to the high separation between these inputs.

_ In the process of comparisons of encoded/decoded slo'nals versus unencoded

20 multichannel sound, it became apparent that the output from the left front or
right front channels during side steering was not reduced enough. According to the
Dolby Pro-Logic specification, which does not include left and right side channels,
the left front output of the decoder reduces in amplitude by only 2.5dB. This
behavior of the front channels is intentional, in order to follow the Dolby

25  specification, but in the standard Dolby specification there are no side channels to
decode, and only a single rear output. There is therefore a need to modify the
Dolby specification for the left and right front outputs during rear steering when
there are side speakers. ' '

In the modified specification, the left front and right front outputs are

-
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conditio | The out put of summer 318 is passed into S ggtion
circuit '%E‘S&a,ﬁzé% og anplifier 326, while the output of suk’rerigﬁj §§§§3| S

passed through |evel detector 25 328 and |logarithm c anplifier 330. The
outputs of log anplifiers 326 and 330 are passed to subtractor 332 which
produces an output proportional to their log ratio. This output may be

sel ected by switch 334, or the output fromthe R Ctine constant fornmed by

' d ' whi gh h lues.identical to .th
cor respoeA P SR HoLAL Ak, W iere Y Trlf s B 8 sidf e T 1y
Thi s SheetroiddeficdpnRen féditbed My tRikldrhbhihl hs 4 éiggﬂa'l ':yalds frbi 1eft toWeT! TUTE
SHEET (RULE 26) WO 99/ 12386 PCI/ US98/ 18390 switch 334 and passed to

t er ni naidegandzthe right feant signsl imeimilarly sedvned astee signgh glanssfrom wightt to

i ther . osj.ive val ue.whe ignal _is applied to the LS
nput SRR S S AR e sRoHE nlliBNeR, BdiTier TrPRue Fpt AebateBha 1
app i ethdtiord b£ aRsghabiiovilg Than RheRest & either Sidd)and fAdiS tb $he Fegent 1 Ol
t he ingut phases applied to the decoder of FIG 4. For this reason, the

net wor ROWRVET,GY 1§ 1104 sonlasgp Gsdeparsuye that itrmskeamueh @iuglh%llesdié?penwmﬁﬂuh
' . - ' It in FEl I-nc a ase
hi 1t of S50 Brid Suic eobddd SIAT TheSriadO R anin Byind i foH R 305

FIG 8mdieid eleslerity fon laftltoriety sideIderihf iBavoha i EIakt B ahforpval ue cos
whil e the phase shifter 346, whi ché_rr%g be the sane shifter as 306 in FIG
' e ine

8, of pespestivehnt SiMiBrorves apply righfhsidatsteemimgor 348 with

' ' : .S 344 . and 348 d
T
be dir ¢hat ynayobaeqipitkd digitadly twvthd®Pr eind /6. difectional Rohbe] |syves]sparkisof

FIG 9, the B signal is .applied to termnal 302 as in FIG 8, and in one
br anchhﬁés’g‘@sa‘f‘ﬁ R Ogﬁmogmg the speed gnddhesaccugaey phbhe stearingt t enuat or

Ui ough Brager Rr o SREd Ponieh of o skl erelitd St thRAHY Uy BRIR°S

‘are not independent, but follow a complementary path, shown in FIG. 13. If the

15 logarithmic detectors act rapidly, this curve will be followed dynamically, but
when a time constant is included, the value of the rising signal can increase
rapidly, but the falling signal is usually changing at a slower speed. The result is
that the falling signal is higher than it should be, reducing the dynamic
separation. To correct this problem, the signal that is changing more rapidly is

20 used to limit the other signal to follow the curve of FIG. 13. Although some prior
art decoders included circuits for limiting control voltage excursions during rapid
changes, these circuits were not based on the rate of change of the control signals
but rather their absolute values. A particular advantage of the rate of change
method is that the increasing signal is enabled to rise rapidly while the falling

25  signal, which represents steering the matrix in a previous direction, is forced to
yield to the more rapidly changing signal.

Remembering the definitions of these signals, it is quite easy to work out
the relationships between the control signals, that can only occur as a maximum
limit, which will not be reached in the presence of decorrelated music.

30 If we consider a pan from left to center, L = cos ¢t and R = sin ¢, then the

: -53- This Sheet Has Been Replaced

SUBSTITUTE SHEET (RULE 26) |||I|I



_attenuation factor sin B. The signals fromattenuators 356 and 360 are 20
conbi neWOi912386t r act or 362 to provide a nodified B si gnaPCHUSI83O0na| 364,
which 1is to be directly. connected to the termnal 94 in FIG 4. The result
in the change of phase is to produce better separation between the.LS and
RS out puts of the decoder (as well as the LR and RR outputs in a 7-channel
-version) when only the LS or RS inputs of the passive encoder are being
driven with signals. 25 The rel ationship between the control signal is/rs
and tchetrol stgnialg axagle i i's shown in the inset graph of FIG 9. As Is/rs

reaches 34pB, _tjae,angle O0.s. begins to change fromO rising to S 65 at
hi gh val ug}} B%I s??%‘?(%%%”g%@?l y conplenentary relationship ‘;@ les to the
ot her stegyd ng(}amgb%f@ség Wi A os-144 sid Bj)s Sheet Has Been Regdprced

iiin1111111111 11 1111 SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386
PCT/ US98/ THsze relationshipe @rpyplottediagaansiceash otdyerdn KKedB- we call rs/ls, so

that when I 4 e ' [ e fromO,
n%vi ng toﬁ%sf%gﬁg‘g’g#‘% ngel %?éehﬁgsfo‘}\ﬁ%ﬂﬂr:%ﬁegt F§§g¥&?§%R%E$ 5rr%r?rt"?val ue. As
015 aemeht cbeffitient adwl inthié ¥ateidedf FiGea) as ehpbarhbntddyith tis® decedwipl ex due
to the phase changes at the inputs . to 5 the main part of the decoder shown
i n Flagcording)te theqoyipy patend: arpligation Non 881684, U odiheeralugrofdiencoder t hat

.

nunbet s can by re e
si gnakithbekpees ®eti agahidmcontbrod sighdlbewhjchphes derifed feom theussuatdogt i ng

D e, Fe P55 S b S o R R o,
o b et B G S o B e e )
ot hernsitieof kefz to vightrsifghdl ahplitedesre Bashafrthesesiglialg ig entddmlgaa$ ant he ri ght
Chi f vevale ranekia oomg TR0 o SETERR  AsHaRPn §Pon N 1Der LESrRROg, BBRY i5
provi ﬁai&oﬁeﬁ&ie&ei& the Gatthe 68 8i%is WeRbnt HeGr ¢hk 16 aRGE D Th¥RA: BNimagncoder
and that of FIG™ 7, the elenments of FIG 10 not so correspondi ng have al so
B6en felifiBcascthe signal mhotes toseardsthe repp There is also a central “valley’9 in this
representation. FIG. 15 similarly shows the value of the left rear right matrix
element, which has a similar discontinuity along the Ir=0 axis towards the rear.
These discontinuities are due to an error in the theory described in the
previous patent application. The problem is that there is a correction applied to
- 20  the matrix element in the left rear qﬁadrant which was done by a table indexed
through a variable called ir bounded. It turns out this type of correction only
works when the error being corrected is symmetric. The correction along the cs
axis is symmetric, but the correction along the /r=0 boundary is not. A better way
to do this correction is through an interpolation, as was done in the theory in the
25  previous paper for the LRR matrix element along the /r axis. In practice the
interpolation can be performed through two additional lookup tables at little
computational cost. The equations for this interpolation will be shown later.
The LRR matrix element is correctly interpolated along the [r axis. However as
can be seen in FIG. 15, there is a discontinuity along the ¢s axis. This
30 discontinuity was due to a programming error in the decoder version 1.11. The
-
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coeffici %h?s@%&“ in signal conbiner elenments 242, 250 a_nq,é:zlfigngls 9bG 7

have 20 bee racted fromthe signal conbiners and applied separately to
each of the relevant signals in attenuator elenents 262-274, and that
these signals thus nodified:are conbined in sinple summ ng devices = -.
276-284, while the five 0 phase shifters 232, 236-240 and 248 have been
repl aced by two phase shifters 286-288. In FIG 10, the signal path for the
LS sigpal fromtermnal,62 of . FIG 7 25 passes as beforg through

at t enuBLEPICPISTERESD 4B thA PTEvicss patens AmlicaBon prpduces the maatip §lempeBtgh

t he ackhyemyircBPIGr oiéed attenuator 270 having attenuation factor cos QOLS,
this beigg the coefficient fornmerly shown in signal conbiner 250 of FIG

7. Thi ¥1&. Jfashows sherlelt rear sightematrix elemand asoitpaiand hofvet beersi gnal

out put . rmon 44 of .Fl 7. Thi,s_ She Has Been Repl aced -48
| 111111@?%%%&@? ?‘It‘ ﬁ‘? J%Eﬁérrf’%ffor’él%glzlrl REEYITEIDG FO \%eé’é"F‘Pé’é’@é’ateP‘t

PCH US a6ion, T evisichruie di@,&&hﬁﬂmtgn@a&eéi gombvad. With 4 cfdebt? FIG 7
simlar passes through attenuator 258 and phase shifter 246, then through

act i ve intarpplation apdsimplemensatione thexd are voefis¢anitumitiessatOtiesir=0or mer | y
part ofy 5hd conbiner 252 of FIG 7, to sumrer 280 where it is one
conponent of the signal labeled B at 5 termnal 46 of FIG 7. The signal

pat h f Qrurtling arrwt ¢o thedifalsoGntinaattie] FiGah75howfs tHCLFL RagsRSelehiditias
t hrough attenuator 266 with attenuation coefficient 0.71, after which it is

appl i edMRBERG in 7S drateng No. 1,862,502gand inr BalkyePre-hagiGecaledrsccthat i s
a ie i gg{ﬂn aPigqge 278. The R signal fromtermnal 54 of FIG 7 is
1(Igﬂ<b';1ppi1|hgdrﬁ |re}éﬁy 0 surir'mar 282. The LS signal is also applied through
at t enudissumizigthatnes ahd dogire dhtisteerdhp elitaitions268d aricls ahttgauat i on

coefficient sin OLS to,the, .sumer 278. The RS signal is also passed
£t ougiFeRbTARREOBR 0 Stdright 6 raEpesHEaLr mibs WPBA natenhtas camations

coef fi gheRhe Yront “fa@ﬁ?“&emé"%gzgi}{gh[%':' y, the LS signal passes through

attenuator 262 of coetrficient é RS signal 15 passes through
at t enudnotheoleft Gfondopiddraingnt - 0. 38, both attenuated signals being sumed

R R G A 310 1O T G A PR

..(101)

In the right front quadrant,

LFL = 1 - 0.5*G(cs) ...(102)

LFR = -0.5*G(cs) ...(103)
20 In the left rear quadrant,

LFL =1 - 0.5%G(-cs) + .41*G(r) ...(104)

LFR = 0.5%*G(-cs) ...(105)

In the right rear quadrant,

LFL = 1 - 0.5%*G(~cs) ...(106)
25 LFR = 0.5*G(-cs) ...(107)

The function G(x) is described in U.S. Patent No. 4,862,502, and specified in U. S.
Patent No. 5,307,415. It varies from O to one as x varies from 0 to 45 degrees. In
the previous patent application it is shown to be equal to 1-tan( {r1/]1]) where
7| and |I| are the right and left input amplitudes.

30 In FIG. 18, the LFR matrix element from U.S. Patent No. 4,862,502 and Dolby
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_ The output of sumrer 278 is passed through O phase shifter 286 to summer
276, anWOM82¢6t put of summer 282 is passed through 0 phRSEUSA$ IR 288 20
to sumer 280, sunmers 276 and 280 respectively providing the signals A and
B to termnals 44 and 46 of FIG 7. Exam nation of the attenuatien-and
summati on of each of the signals LS, L, C, Rand RS into each of the
outputs A and B wll show that these output signals are identical in
content to those of FIG 7, hut with three fewer of the expensive 25 phase
shi f tRosLegicasishevirp sealed by 071 g9 ghe pomimusn yiglue gnd Bexmoenveplueshe

rel at'r%n%laig) between the angle ORs and the value of rsfls (or -Is/rs) for
signal's Stéered in the right side quadrant. This angle affects the circuit
el lerTEItH thelprevdods @M%nﬁaapplti\cﬁtiﬁa‘t ENonS/GBé,%Slr hese eléklﬁeﬁgﬁﬂtelry iﬁipi‘bzed' ]

rel ationgh)j p exi sts between the steerin ngle OL,,,3 and the -49 Thi s Sheet
Has é&@ﬁ&w B EURSTETGPRAGHRE OGRS 18 mgqrfﬂllxlﬂmﬁgfﬂ@ he11 WO

90/ 1 v, : i i Lot

e?e maztﬁ)?l g’t%g{‘%%%m& ¢ n‘?lﬁ%&%dg{ &TE“; %‘fe@ 'eir?{c% g?glt{s&gwoﬁv%mﬂ? qitl%%tlg is very
si i |thatithe mobshear sgoard of the LElcand LR mraEix tlkmdssshaildbenas that are
conparable in_ functiopn are therefore nynbered corre ndi ngly. . There are
se\r/rgr%nsﬁ%ﬂyﬁnél"’é‘ﬁ&ﬂl%?e Piat 1, e GHPﬁC%BWP %Pgéﬁ’é %?1%1;‘? i%g%qeéaxe m

at t enyl Qrdcio of e s%@hﬁgwr tﬁ%@tiﬁ,odvkﬁéh qB8!st@&RE 34 P01l ShRITBRE SudVdf 295.

The input and output termnals have been nunber ed in correspondence wth
FI G the Sqeayesrqgfdhe mattikelenidets ghowldadse byl3dB.e Méeacanissetthat dheedioveot h
bet ween stron steered front signals and nusic, and the

bal
ﬁggucﬁ%&ﬁ% emﬁ?%é*ﬁa‘?%‘i“&%{ ¥lﬁlsrree§blb’f?§léerftb si mul t aneous | eft side and right
si de si gnatss FIdNe ! diRReh Xhe kaaaes redtastdhe QAW the gqiﬁrle%r LFIoahdr, or

ri ght channels, the Dol by Pro- é_&g‘i c conpatible type of decoder, i. in

thi s bERefrone U.BaPatert Noc4i862:50% scaled so Heat thexmasimuan ivehu®is apel i es a

boost . 3 inythefro ~fhis boost is. quit i . a shift
ot nfotigs ek dns RIBE T kSRR 2D 1T A dnd B bl Sra b SutEh 2o 33y,

M Xi NMPha EtBekddRaKdforisps BdBack the vhlve &0, ind o abstlezed e adater off be
recording levels of dialog and other strongly steered front channels is

. ngly. : .
dénperran Bdlsphy S8 twothrivatuel-bunbhe reapdurechon ds identiealitodhe sentengh a
deCOdﬁfrection, but is not easily seen due to the perspective in this view.

The previous patent application No. 08/684,948 corrected this amplitude

error by replacing the function G(x) in the matrix equations with sines and

cosines: _

20 For the left front quadrant
LFL = cos(es) + 0.41*G(lr) ...(108)
LFR = -sin(cs) ...(109)
For the right front quadrant
LFL = cos(cs) ..(110)

25 LFR = -sin(cs) .(111)
For the left rear quadrant
LFL = cos(—cs) + 0.41*G(lr) : : ..(112) -
LFR = sin(-cs) : ...(113)
For the right rear quadrant

30 - . LFL = cos(-cs) : ' .(114)

I
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whi ch ap%g«;;/ﬁﬁks boost. However, five-channel filns encoq,%:}"g% y:gg

either a assi've encoder or the type of active encoder discus

previously with reference 20 to FIGs. 7 and 10, will not be so conpensat ed.
In the new encoder, the three front signals L, C and R, are passed thraugh
three variable attenuators 290-292 respectively having gain coefficients
G, GC and GR These coefficients are controlled by steering control

signal s der tthe out puts of the encoder. To do thi he out put
signals A az‘gﬁg %%Rn %sa into the 25 inputs of a steering 51(3}'13 vol t age

generat or 294 FIE.c20 ¢HBRéWREthe StftreGot ofithe Wulnh Yf tRe TIFL 2id LAR degeder

of FIG_4. The two steering voltages U and c/s are thus derived, and wll

be i deplements; fonnbhe pgewen&mienh agpligatipne Iﬂi@d&rém %Bess;:aled\mosﬁleer i ng

| h d
Tob. - ThIRREE v4li8 110 [NGEE ehb oSl Pl BTG ¢ %Egbﬁ’ﬁlﬁsf v
_56_Thhe phiee; tarlrﬁsh&g%ntl@eﬁh@tw@nb%inib&althbﬂbitlﬁeﬂtbk| it

SUBSTI TUTE EEA' IS@I{;E 26) WD 99/ 12386 PCT/ US98/ 18390 of el enents 290 and
292, whil e daiendegodsr vergiopnt. 1ignads seyaralghangestodhese matrixelemeptssi t| ve

st eer f rd|

Lhe: culiering el flddiord! QefRnHEndl, A Al ibol Wil adadd S04 B

Si m | acs axisvive theifrorst, angas icue ,watehad&@d aborgf thdRcs axtLii eles rage 0 THeNgkasent he
same 5 cur,ve EII’I rel atlon to | while the value of (G is constant at

1. Li k&% the bapstwas e imugiove rtbarp Eanapee with sf@rp@@wlveivl(@bewaedaatrquhe
frﬂpt ) foriSrddaiTh A / r \V ELG 12a,
but GC ?em&u ns a’tecﬁl;lmh%?hgec‘;ﬁg lglltch afé‘;{} W qu chﬁeﬁge%g S% %tl??l FIG 12a
i s t hebetwees éheffrofre cloamnels Ml@d\lmrear Elhﬁméle wﬁem&eeﬂeb&n\iélcﬁﬁds Yahned
Si gnali gb{(gé%ener ated wthin a feedback | oop, because 10 changing a gain
al so af'f fe steering voltage, the correction applied to each of the
front signalggyHd ﬁ%ﬁgqéﬁt)ﬁmﬂtt he boost applied to themin the film
decoder. The result of this is that dialog, nusic and strong left or right
sound ef f ectlsfle fnoalas) th@.4BAGEEbobstlbes) or | gi nal discrete mx. (16 the
orjginal fi ha neI ed to two and then decoded k to five or
i R S Festates b0tk ‘iii

seven chann act very little | oss of Stft} tive quality
when the tW(ﬁ“ﬁf&ﬁ'gh‘tQT&w)@uaéraﬁﬁ”Par ed

LFL = (cos(es)y*boost1(cs) ...(118)
LFR = (-sin(cs))*boost1(cs) ...(119)
- For the left rear quadrant,
20 LFL = (cos(-cs) + 0.41*G(Ir))/boost(cs) ...(120)
LFR = (sin(es))/boost{cs) .(121)
For the right rear quadrant,
LFL = (cos(cs))/boost(cs) ...(122)
LFR = (sin(cs))/boost(cs) . ...(123)
25 The function G(x) was defined in the previous patent application. It is
equal to G(x) = 1-tan(45-x), and is the identical function used in the Dolby
matrix.

The function boost1(cs) as used in the decoder version 1.11 was a linear
boost of 3dB total applied over the first 22.5 degrees of steering, decreasing back
30  to 0dB in the next 22.5 degrees. (See corrl in the pseudocode below.) Boost(cs) is

-57- This Sheet Has Been R

T

SUBSTITUTE SHEET (RULE 26)



to the five channel original. Mst of the tinme, there is no apparent

di ffeMMe¥I2386 3] | . A further inprovement in the encod®CTHSRPBMO 11 js the
addition of the gain coefficient GS of variable attenuator 293, which is
controlled by the control voltage 20 generation circuit 295. The gain
coefficient GS acts upon the signal fromsumrer 284, which is the

di fference signal between the left side and right side input signals
(multiplied by 0.38) The purpose of this side difference signal is to

pr ogivea by perrie)opetheaeefa Bel@wanw@nﬁh qopements argpaecediedrb e @ i s a
strong’ 1,steered | eft side.or right side input to the encoder. However,

t hi 3 difference signal 25 reduces the separation between |eft side and
right sidecalcalitesa bobstrfubetionasfer3dB as @25 degides same tinme. This reduction
in separation is particgbuarl i nportant  in the case when the LS and RS

i nput's afeCorRER) goesqiR BAdBuaNd SEJYS UPacarr 1(5),g0es4p theRidafmagal appl ause,
r surro ef £ aGt Sorl J A I t hese unsteered effects, we would

i ke to gﬁﬂg’ém jé'%%hz%(ﬁ Fﬁgr\%'rl]@%s %ig'?%ﬁlal and this can be acconplished by
reduci ng tdéweridl=ua00(3+CE-1Wesese)); %her ap 3dA ovbr shishemtgeHas Been Repl aced
SUBSTI TUTE SHEFT (RULE 26) 111111111111111111211 111 WD 99/ 12386

PCTNS98/ 18&98163 e {¥png correl dti on between the left side and right side

signal s gggl ied to the encoder. The presence of correlation can be
determ ned fromthe steering voltages derived fromthe left side and right
si de i nptitrsx =02546; efocgaiback deivmgfor courlt pwér thisalangge generation circuit
(i95 simlar t? t.hit in element 294, which thus produces the control
1 i gnal s | af9E0e 'ss. The Is/rs steering voltage was al so derived on

the ori gi ngdrr16HSt e@dgthe active encoder shown in FIG 7, to control the
values of O ,s and Opts. thile this feature is retained in the encoder of
FIG 11, eadditional circuitry deternmines the front-back conponents of the

side sigpals. Both.the is/rs .10 ang cslss sign optr.al +the gain GS of
at t enuat gﬁlegf’e%?tm%@mﬁ? eit‘é?rs 4K PRoW ngﬁ?g%ﬁr% égfﬁéﬁgtrg%#‘i%ﬁg angl e
t1s eldinght andatedsr vaiBiand. 127 2Nodd ehatl thd Byt SS, thd SteksingC@iot e bswhird
steering angle, trs_in attenuatqors 272 and 274. Tqr}e val ue of GS,is then

19jet eeniarcd anphiedbaih along theg@rOxisnandpsund the tefhtosentsr howdary. | s/rs
and ¢ ¥eSsiso th8rblAg bR lg_%lufs £ SBrin Mo9bE9 e Teat.PEn

The boost along the boundary creates a pannin:g.error. Also the cut in the
rear direction is not optiinal. -‘There are two areas where the performancecan be
improved. The first is in the behavior of the steering along the boundaries

20 between left and center, and between right and center. As a strong single signal
pans from the left to the center, it can be seen in FIG. 21 that the value of the T
LFL matrix element increases to a maximum half-way between left-and center.
This increase in value is an unintended consequence of the deliberate increase in
level for the left and right main outputs as a center signalis added to stereo -
25 music. :

As explained in a previous disclosure, when-a stereo signal is panned -
forward it is desirable that the left and right front outputs should rise in level to =~ —
compensate for the removal by the matrix of the correlated component from these

- outputs. However the method used to increase level under these conditionsshould

30  only occur when the Ir component of the inputs is minimal ~— that is when there is
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15 subtr%{)lgggggge result from 1. Thus any signal with Co”?ﬁﬁésgﬂs B 7dB

nore w ult in GS =1 so that the encoder works as ore ut whe
uncorrelated signals are applied to LS and RS, the value of GS will
di m ni sh accordingly and the decoder will revert to the high separati-an
bet ween these inputs. In the process of conparisons of encoded/ decoded
signal s versus unencoded 20 nultichannel sound it becane apparent that

the output framthe |left front or t fr hannel s i ng S|de
st eeri RG Rk lre%b e@ngugﬂowgg% E SGMPHV‘I%P

speci f ifaleal8 inWheCdedaes of'%rélﬂﬁl pgg greés‘é fr%]@e@%ﬁﬁbﬁbgf%%y Ogﬁ@%g@# Z@d t he

| eft front output of the decoder Thi s
behavi seswlted e Meahamééwellwhemtaesﬂrnnglahanalrpammt atmsﬁ(ihledmwhhrﬁbol by

25 SpeCIfIC |on b cificati her e slde
channel s t o %@eﬂar?dﬂb% dPé’Q‘i é%eagﬁai?n“ f&%?@‘é &Xthe

neggl t Qloﬁﬁoﬁéxfoytﬂé‘ﬁlatﬂ% é])éxﬁe‘iﬁcéﬂdu?& b 'be BSostéf. 'THit (2DElE Hh %Q&%eg qy
outputs during rear steering wh ere are side speakers i ed
speci f using om, addidiviecternd tothe amitmx Mnémtswunsnearimfsa andtiplp2-Wehdefirmhaet

Has BeenReIaced 111l 111111 12131331 11l U UTE SHE RULE 26
VO 99/ P89SR s'@%?’isfég I ympte rrs%ﬂaretwﬁar ee, a¥ABS r(e is rea@

steering on W@easﬁs%ﬂﬁe Dot ir Xhascs 1 erol T Slorla@ ik cﬁbq tﬁgﬁ% Ihgr%ﬂf?ﬂ%m séhis

amount as a signal pans fromleft to left ™ side, si gnal
i s si mdsanmingddaded and & ﬁllbxmlthpanaﬂab @nrmvelghbm of varygimg frortel td/46 t he

speaker clearly inproves the apparent 5 notion of a
S|g€ novi n ? ﬁ?‘i%ﬁ W@W&H‘té‘?o either side, and then to the rear;
however it 1|f$c5nat2¢§)o | arge a departure that it nmakes nmuch audi bl e

difference with a standard Pro- Logi c encoded film The variation in gain
for the LL andcer csrdinm-1; el enents for left to left side steeri ng i s shown

steering. 10 MURED 2 %?%ﬁ%%‘%ﬁge?éé%%ﬁ{l o K venont L [ a special
limting correcbesoe 1;
15 end
else
bes = 47-cs—([r-1);
if (bes <1)
bes = 1;
20 end

end

If es < 22.5 and Ir =0, (in Matlab convention cs < 24 and ir = 1) bes is equal
to cs. However as Ir increases bcs will decrease to zero. If es > 22.5, aslr
increases bcs also decreases. |

25 Now to find the correction function needed, we find the difference between
the boosted matrix elements and the non boosted ones, along the Ir=0 axis. We
call this difference cos_tbl_plus and sin_tbl_plus. (This code is written in a
modified Matlab, where variables are multivalued vectors. Comments are

preceded by the % symbol..)
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. that may be applied digitally to the I/r and c/s directional control

si gnal SWOPBIZ86 has t he advantage of inproving the speed BEHUBIRASAWC(r acy of
the steering. During a pan fromleft to center of a strongly steered
~signal, the hr and c/s signals are not independent, but .followa. _

conpl ementary path, shown in FIG 13. If the 15 logarithm c detectorS act
rapidly, this curve will be followed dynam cally, but when a tinme constant
is included, the value of the rising signal can increase rapidly, but the
falling siagmd): 45 o wiofiael 3 veptamdnrapeadegres|stops. gpwasitheThaluesflQ to 45 t hat
the f II%%Q signal is higher than it should be, reducing the dynam c

sepa To correct this problem the signal that is changing nore

rapidly i 28 mth/egoj i1 tortvet @b halifisgnal to follow the curve of FIG
13. Alt hough sorre prlor art decoders included circuits for limting
control c?g thiegvine @nd enFine takies canmglisas the beogli tables Hindree not
b, se the rate of change of the control signals but rather their
soI ute val ues. A particular advantage of the rate of change nethod is
that the istargdst sih(gignal is enabled to rise rapidly while the falling 25
signal, which represents steering the matrix in a previous direction, is
forced toc°§4-'@?d=f5‘é§ (@ht nore rap| dly changing signal. Renenbering t he

definiti ongsofnt YERE= %b%&? d+sl)qU| te easy to work out the
rel ationshi p§bb ween e con ? si‘gnal s, that can only occur as a maxi num

limt, whick_thll plusot cbe tbquihs»dos rtht;® qhu:emtmeoné wikeaserel ated nusic. 30
1éweconmder a pan fr =cost and R =sin t, then the
3

(0] center,
Thi s %Rethl- EUB@W%&/I&B@EGSUBSH TUTE SHEET (RULE 26) 11111111
111111 11 1dsnl 4 %MS _pﬁ@gé 339 cﬁ_ 1U898/ 18390 ' -a control signals are
S n

U = 20 * 1oglO(cos t c/s =20 * loglO((cos t + sin t)/(cos
t - sin t)sin_ tbl(_pEJ)s 'Ehes‘bl_miua&m[tbhl%sﬂmsmmbnedveagse nst each other in
FIG 13. 5 FEI 14 .shows ferenetheformof the left rear left (LRL)
matrix el SRethl-FUBRF S cf"é‘g‘fl)té%(‘i“h ¥he matrix of FIG 4, as inplenmented in

t/ gleug eg ]9d tegﬁlnsaacgr@ £8d ©c8s ttBE b @re RBE BffeARRE et at\lgtalﬁ%ﬁ%n%% The
15  cosine, and the boosted sine and cosine. We now define
LFL = cos(cs) + 0.41*G(lr) + cos_tbl_plus(bcs) ..(124)
LFR = - sin_tbl_plus(bcs) + sin(cs) ...(125)
LFL and LFR in the front right quadrant are similar, but without the
+0.41*G term. These new definitions lead to the following matrix elements.
20 The steering in the rear quadrant is not optimal either. In the curve above
when the steering is toward the rear the matrix elements are given by
LFL = cos_tbl_minus(-cs) + 0.41*G(-cs) ...(126)
LFR = sin_tbl_minus(-cs) ..(127)
These matrix elements are very nearly identical to the Dolby matrix
25 elements. Consider the case when a strong signal pans from left to rear. The
Dolby elements were designed so that there is complete cancellation of the output
from the front left output only when this signal is fully to the rear. However in a
decoder according to the present invention it is desirable that the output from the
left front output should be zero when the encoded signal reaches the left rear

30 direction (cs = -22.5 and Ir = 22.5). The left front output should remain at zero as
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coeffici ba,fkotted in three-dinmensional format as the hgl he
or di nat egwbvag?ﬁﬁ?espect to the cs and |Ir control signals, \Ar}ﬁ'lgﬁhas?gs erived

fromthe usual log 10 ratio detectors in the decoder of FIG 4. The cs
signal represents the ratio of center front to rear surround signal - -.
anplitudes and the |Ir signal represents the ratio of left to right signal
anplitudes. Each of these signals is encoded as an angle ranging from zero

to 90 . ' t hewl | Lustrat, . .th i .
(i sconPoh BT s, AkslEr 36 B ot " e RSt BERE othyersion hHy o
smel | dBedddr £ th@snbbabsignalresaitein tlensisut! HetHefont T8R! Gharmed iina

central "valle§r in this representation. FIG 15 simlarly shows the value

or t heabent -9l wiiegra signaliiz pannadetn thsr/:lrﬁfb mearapositionni This ived dgﬂ‘emncey
crror inepcel B, S URHHEnante ohdhe UGS MER R okt 50 A5 Gr O B

prapl emis fHds ;tehﬁﬁmaxsceacmbéaﬁi(}mﬂeaw algerihe theOLFhead®IFR reAfent in
the left rear guadrant which was done by a table indexed through a variable
cal | ed elemegtminpthe feft rgan gugdranhi Natigechesre werarecongernad withwbonsthhen

the er i ' ' cor tiqn alo the cs axis
o symigRtriE el BREd S dloh® BRI Ey: (o SR LT Pabe - A bett er
way t makhedrhaticalomethdd giversin lbhe WIS aapent(evpdliahaviel BatwasSdeandy t he
theory_in the 25 grevious gﬁper for the LRR matrix elenent_along the Ir

axis. ecpagrs fareTwiodtared bistenars, oRavadh GrdesinegenraBs prepsinnNowd402,

adgy ti tahbl |4} I gnal t e i ons for
PR | Eobob ) AR 1 plbd th i the BERHLRY' dife d8Hont] MoBALRS

cor r ectboynidargr dodtaredsaimeghiabehbramaplisud dofelve tefa Srortasutpritsdouldn Fl G
15, there is a discontinuit llong the cs axis, This 30 discontinuity was
due t o “8CHRAr Y ﬁ'&t‘ﬂ%}ogﬁ?ﬁ)l‘?@ eRgas frape Gstleft) fo r22.rdegreesq(leftiviear).
Sheet LETE THerrr 1t SUBSTI TUTE SHEET
(RULE gg)ﬁaﬁv%%ggﬁz%%ﬁgec%%%% 1ffefxslgégré)ds'theory presented in the previous
pat ent appl ildBLionogt) ST Wed+tinihisqrixleFem2n shown in ELG28)6.

15 LFR = - (sin@)*F(¢) +/- cos(t)*(sqrt(1-F(£)22))) ...(129)
If we choose F(¢) = cos(4*t) and choose the correct sign, these simplify to:
LFL = cos(t)*cos(4*t)+sin(t)*sin(4*¢) : ...(130)
LFR = —(sin(t)*cos(4*t)—cos(¢)*sin(4*t) ...(131)

These elements work well — the front left output is reduced smoothly to
20  zero as ¢ varies from 0 to —22.5 degrees. FIG. 22 shows that the left front left
matrix element has the correct amplitude along the left to center boundary, as
well as along the center to right boundary.
We want the output to remain at zero as the steering continues from 22.5
degrees to 45 degrees (full rear.) Along this part of the boundary,
25 LFL = —sin(?) ...(132)
- LFR = cos(#) ...(133)
Note that these matrix elements are a far cry from the matrix elements

along the Ir=0 boundary, where in the previous patent application the values were

LFL = cos(cs) ...(134)
30 LFR = sin(cs) ...(135)
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FIG 16 shows the left rear right matrix elenment as it shoul d have been

i npl emEWOAH12386t he decoder of ‘version 1.11 according to PEEUBMAIYuUS pat ent
5 application, in which the discontinuity has been renoved. Wth the
correct interpolation and inplenmentation, there are no discontinuities at
the Ir=0 boundary. Turning nowto the TV sound matrix, FIG 17 shows the
LFL matrix elenment as inplenented in U S. Patent No. 4,862,502, and in

Dol by Pro-Logic, scaled so _that 10 _the maxinumvalue is 1. Assunm ng that

csdalndfl r BHa 2% shewsdherehavier of bRE: and 4t adeng the pear b@m@@_msurr?und i
. . PRCRY SRS AR CHT 608 . |
£ ontaneRRist A0 Tl S3RF S THE Wby Bl AR WP Phe Bhable S B3y | 27 11T

- 0. PEHakerees). 41*GIr) ... (100)LFR = -0.5*G(cs) (101) In the right

front quadrant, LFL =1 - 0.5*G¢s) ...(102) LFR =-0.5*Fcs), ...(103) 20
In the | ef Wernegd guaathad QfQ EmeoGéhlx transt(srmeeg ¢be above pauafions intq ¥he)) LFR =

57 Rftons qlohihs hibgdiy 40N 455 iRREANNe bbimdary. el 12 | |
U. S. idaéspulation cénfdbeats2d. aidtlspprodessat fypitallySusedPan ehbsd\Ndecddedss], 415. |t

varies fromQ to. one as x varies, fromO to 45 degrees. In the_prevjous
pat enwhamm@&n?wﬁ gre GRPePRIen 2 betier satest 15 o %arm?w\maé}@q? -tthe and |

| ar eq:n%’ﬁﬁm L Oby sa% l.eft input anplitudes. 30 In FIG 18, the LFR matrix
el enen r{)drlnggl . ('ioltce'nt No. 4,862,502 and Dol by -55- This Sheet Has Been
Repl aced 1%lAdw1-1find Thé Houndairy IparhireteiSUBSTI TUTE SHEET (RULE 26) WD
9%/ 12386 P%T/ US98/ 18390 :
1 D = X;

if (bp > y)

bp =y;
end
and a new correction function which depends on bp:

15 for x = 1:24 '

ax = 2*pi*(46—x)/360;

front_boundary_tbl(x) = (cos(ax)-sin(ax))¥(costax)}+sin(ax));

end
for x = 25:46
20 ax = 2*pi*(x—1)/360;

front_boundary_tbl(x) = (cos(ax)—sin{ax))/(cos(ax)+sin(ax));
end _
We then define LFL and LFR in this quadrant as:
LFL = cos(cs)/(cos(es)+sin(es)) ~ front_boundary_table(bp) + 0.41*G(lr)
25 | (136
LFR = sin(cs)/(cos(cs)+sin(cs)) + front_boundary_table(bp) ..(137)
Note the correction of cos(cs)+sin(cs). When we divide cos(cs) by this factor
we get the function 1 - 0.5*G(cs), which is the same as the Dolby matrix in this
quadrant.

30 In the right rear quadrant,
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Pro- Logi Cwb%gﬁmx\/n scaled by 0.71 so the m ni num val ue angd¥yddgBogal ues
are t0.5. In the previous patent application No. 08/684,948 these el ements
were inmproved by adding the requirenment that the | oudness of unsteered
material should be 5 constant regardl ess of the direction of the steert.ng.
Mat hematically this neans that the root nmean square of the LFL and LFR
matri x el ements should be a constant. It was pointed out in the

applicati Ontlh t_ Em(mggg%(ﬁg)q_gp{(gs)?e relaxed in the di rect 'lgg)of t he

steering - steering is full left, the su t he squares
of the matr|IxFEI=esm(t:§)/($:bs(u’s)al—snh(se))by 3dB. we ;:anFlsge tlgat ¢1I3ﬁ)abo;/ﬁ 10
matrix ele h irement. In i s shown e

squar e roo'?‘;@llt(f ‘ﬁ‘gs &é@ﬁﬁﬁ&g rgatrixelepgnt pervieweshftom, thealefint No.

4,862, 502, e g@%ﬁ 1ol AloHY PRKANeHE 3 ifdarhU PSS Elfles! BB, HBhYS

is constant at O. e axis rromu eere n

t o 5 ef tlefti mﬂ@w(tB gootd hawwhea steeringrgbek feomnisftety R;ft E‘@ale eMherowputo 15
rear falls by 3dB to.,the value 0.5. The rear direction is identical to the

cent er rema}l@éﬁeaﬂ asifhe steernng progressesderfull geare Heweyer.splongithe irrOtanis

Vi ew. Qgﬂi ae‘né AR GRL |

anplitu error y re cl ng the%f%ggﬁgﬁggggﬁﬁlgﬁﬁ%gg‘%@% e%%g?'i ons

with si nes aRLG. 2b$hnw$ thzOleFOfronb eriglelf matricndlemendr aNbtd the argesieek int
(109) For the right front quadrant

E'Fﬁli 1@?) to %&P}l& Lﬂ% Likls—w‘%kﬁ in Qnsull%mwlt%he &Eéb pegtrix glgment
quigr anl defduce theSfrof buﬂép@c 1z él)o hglslﬂaaﬁl(ﬂ?%gfas g‘gé&(mg?ogﬁ (grillll_é%t For

the right rear quadrant 30 LFL = cos S Been
Repl acemar|tbiflulll fdar. Once again in the rear direction along the Ir=0 axis and in the

rear right quadrant the element is identical to the Dolby matrix.
| One of the major design goals of the design of the improved matrix of the
present invention is that the loudness in any given output of unsteered material

15  presented to the inputs of the decoder should be constant, regardless of the
direction of a steered signal which is present at the same time. As explained
previously, this means that the sum of the squares of the matrix elements for each
output should be one, regardless of the steering direction. As explained before,
this requirement must be relaxed when there is strong steering in the direction of

20  the output in question. That is, if we are looking at the left front output, the sum
of the squares of the matrix elements must increase by 3dB when the steering
goes full left.

We can test the success of our design by plotting the square root of the sum
of the squares of the matrix elements. _

25 FIG. 26 shows the root mean squared sum of LFL and LFR, using the new
design. (For this plot we deleted the 1/(sin(cs)+cos(cs)) correction in the rear
quadrant, so we could see how accurately the resulting sum came to unity.) Note
the 3dB peak in the left direction, and the somewhat less_ef peak as a signal goes
from unsteered to 22.5 degrees in the center direction. This peak is a result of the

30  deliberate boost of the left and right outputs during half-front steering. Note that
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1 1111 SUBSTI TUTE SHEET (RULE 26) WO 99/12386 PCT/ US98/ 18390 .LFR =
sin(-csYO(1338) |n FIG 20 i's shown the square root.of PERUSHIRY the LFL

and LFR matrix elenents fromthe previous patent application, No.

08/ 684, 948, scaled so the maxinumvalue is 1. Note the constant value of

0.71 in the entire right half of 5 the plane, and the gentle rise to one

toward the | eft vertex. The decoder version 1.11 nmade several changes to

these matrix elements. Keeping the basic functional dependence, an

addi tindikgl othes suadrents) the reiscignis yery ¢loseito ane, scovas she degign intent. was

adde L £.¢l M.~ The f t

rpr ol PR F S i Fot BB R ot et 3A5A tg B, A Ena0SolNeed s e

pur pasepr@ducbehe wlementdis arappresinhationchwintiee iiwtch épprattiyoodet ween t he
front channels and the_rear channelts_ when stereo nusic was ﬁanned to the

rear. For ¥Ha 27 showsdhe sqnaae zaet of the supmepkthessquanssof 4L and bE&st | (cs)

e (L . ER. = (8] o . : hepy | t

acr Rpeaifp thE SorrlaRil e e foge RO ViEphq frorh i efYoal TR Sbicd )

s 4(1 J(iﬂllldlﬁ%) ﬁgtht Iaﬁ;é haethe gahn‘hf gl;é,, th0cddter veﬁtg&ﬁ(as:ﬁie) value (1;7 1, tl;e o
.41 r 00sS S » . = (sIn(cs 0ost (C N or e

ri ghtr%%sa)ﬁmgﬁa e vk 51’%355% b%ﬂ) ﬁfb&sg&e%ﬁ*# the yafz% Phgavbde e

(si n(ssak ARRRSEHE Mliddle foléehtedaxide function (x) was defined in the

previous patent application. It is equal to 3 x) = 1-tan(45-x), and is the
i denti cal Thadwexsrongemn addrassedan fhe prasentinvensionuscoregetingbthe vakilesas

Y8ed it fesd9h38a% MEMIhO dlrihh #B5t dtddiIf"
The rear matrix elements in Griesinger’s 1989 U.S. Patent No. 4,862,502
are given by:
For the front left quadrant: .
LRL = .71-.71*G(r}+41* T1*G(cs) - ..(140)

15 LRR = -.71*G(lr) + 41*.71*Gl(cs) ...(141)
For the rear left: _
LRL = .71 - .7T1*G(r)+41%.71*G(-cs) ...(142)
LRR = .71*G(r) + 41*.71*G(~cs) ...(143)
(the right half of the plane is identical but switches LRL and LRR.)
20 The rear matrix eleménts in the Dolby Pro-Logic are

For the front left quadrant:

LRL = .71-.71*G{lr)+.41*.71*G(cs) ...(144)
LRR = -.71*G({r) + .41*.71*G(cs) ' ...(145)
For the rear left:
25 LRL = .71 - .7T1*G(r) ...(146)
LRR = .71*G(r) | .(147)

(the right half of the plane is identical but switche_zs LRL and LRR.)
A brief digression on the surround level in Dolby Pro-Logic — note that the
Dolby elements are identical in the front but do not include the boost dependent

30 on csin the rear. This difference is in fact quite important. The equations above

I
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boost of ﬁggg%{g%gl applied over the first 22.5 degrees of s g_y 951/9%3%%

decr easi 30 to 0dB in the next 22.5 degrees (See cor

pseudocode bel ow.) Boost(cs) is -57- This Sheet Has Been Repl aced |

L1 1 1 1l SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386 --- T
PCTI US98/ 18390 gi ven by corr(x) in the code below, in which comments are
preceded by the %-- - synbol % cal cuI ate a boost function of +3dB at 22.5

o o Saghpaf b5l 2 B0 ARG e LA et Ber S B
107 ( 3* frgrtidikd élaﬁie%&hmltlﬁca gelativebyl Brbitesaryt Sddirdante mé‘strddsél the dlefents; -
end for x = 25: % gy%anfadovm for corrl over this range 10 corr(x) =

1. 41; @k Presepte @érlif marmuhEamectf hiiona f%dfseetephel%r face
shovvn t&{h@th%lmf xtel Smlehiks BRE WK everftiud gﬂ cen? rha‘(z%r %u%mgx%x Not e

oost as the steering noves towar S app al ong
t hé I rvﬂmmfsonandnaidﬂlgonhwhe@f the decoslerds ﬁrmlbdpuy to uset thalgain bfieach

reductlo i.n, | gve - ste nov, he rear,, The boo al ong the
boundaPyteros B loiBneRRer I Adfista 38 Bh sobihd Piwer B the 3 fEbaSon P
not Oplllsfﬁihng pd3elien afleent \acslghelafs phascatéd €o BRE ldecrBeICRBAEh BRs-beenl NProved.

The first |s in the behaV| aor of the steerjng along the boundaries 20
bet weefnredad Hivm dbad QYr maIar |duterEoRs gerﬂﬂ e anghs, andrean: I wgasiier) e

si gnal 4, R3R3ahE e Uiﬁe'a‘?:ftﬁalt vbhsfm@&ﬁam b1eoAdh R8s SR8 b d Sfogrt hat the
l?jgalﬁ‘ %L al

val ue trix element 1 ncreases to a maxl num -way between
| elflx - autpu:@mﬁathe deco*ﬂerﬁremsmder comidiidons oﬁmllllrsrtemeng.ed consequence of

t he deli ber n S rthelef.and gt mai,n oyt puts as a
center si gngthq ]Sa %0%‘3 %‘feveri' sb[ g tﬁ e rgar r%rsec%lon in olby decoder'means
- that during the calibration procedure the gain of the rear outputs will be raised by

3dB relative to the other outputs. In fact, for the Dolby decoder in practice:
LRL =1 - G(r) ...(148)
15 LRR = -1 ..:(149)

The difference is not trivial. When the front elements are scaled so they
have a maximum value of one when there is full steering in one direction, we find
that during unsteered conditions the elements from the 1989 patent have the
value 0.71, and the sum of the squares of the elements has the value of one. This

20  is not true of the Dolby rear elements when calibrated. LRL has the unsteered
value of one, and the sum of the squares is 2, or 3dB higher than the 1989
outputs. Note that the calibration procedure results in a matrix which does not
correspond to a “Dolby Surround” passive matrix when the matrix is unsteered.
The Dolby Surround passive matrix specifies that the rear output should have the

25  value of .71*(Ain + Bin), and the Pro-Logic matrix does not meet this
specification.If there are two speakers sharing this output each will be 3dB softer,
which will make all five speakers have approximately equal sound power when
the decoder inputs are uncorrelated. When the matrix elements from the 1989
patent are used, the same calibration procedure results in 3dB less sound power

30 from the rear when the decoder inputs are uncorrelated. The elements for the

rear outputs in the new design include a form of level boost when the outputs are
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_ As explained in a previous disclosure, when- a stereo signal is panned --
f or war WPYB8Besi rabl e that the- |eft and right front oPEBUSHEBWIIC rise
in level to conpensate for the renoval by the nmatrix of the correl ated

conponent fromthese -- - outputs. However the nethod used to increase

| evel under these conditions-should 30 only occur when the Ir conponent of
the inputs.is mnimal ---r that is when there is -58- This Sheet Has Been
Replaced I1UhI 1112111121211 1l --- -- SUBSTI TUTE SHEET (RULE 26) - WO

99/ 17eBg sbamedso8ithezdo thedeffear tight sigesr+ ghicompdetelngo thewearer Thvs net hod

chos h ol | I.n0C. edn th coder ershon 1.11 was

i ndegglﬁ%g%];l&gft %%ﬁag zen(;’flﬂl ée?ﬂ’gsn%' t{i‘reirs g?%@&ﬁgﬁlegﬁf ?”X"@Pe g F | evel when
a st noixgesdednal panned across the boundary. The problemis that the boost
is only needed along the 1.r=0,axis. Wien_|lr i non zero the patrix

el ement shdufef ﬁb‘? °5‘8’6‘_§Fé’(§. 158YUBy Eﬂﬂsé%rc‘gi‘aﬁg‘%e?éd”}b% “L%ng €an
agldi tiry faphftf 18 2 HEGQ ISR WhithSloRRRAS Bf thAs! &ﬁﬂp&fxexﬁs?ﬁhtﬁrmd}-el‘%edjféﬁ ne a -
new steering index, the boundary limted cs value wth the follow ng code:
Ve asahrigbdicomponend, asd a seayate andgmtorrelatdtbcenter compementadr ant, al so

assum ng that _ a #nfollow the matl ab conventi ons of varyj from1l to
46: 10 % |naq'fsiﬁle'pcb't(7)£n%ltéld c/s if (cs < 24) bcs = cs- (| r-l);"'ltj{%()bcsﬂ) %

this |im tBint 8Rimexi 7FCial ue bcs = 1; 15 end else bcs = 4A7ED-(1r-1);
if (bcs < bcs, = 1; 0 end end, If cs <.22.5 and Ir =0, inl\/atleiﬁ
convent i onvesnAlm ahd Siny are plasisddn sferep die soyndpovieR iy the zeom wilhbeeases
PGS Wropoft§ShARRELIP Z @ Rin NS + Gin*222fll 88rde’ components have roughly -

equal amplitudes, the ratio of the center component to the left plus right
component will be 1:2. )
We would like our decoder to reproduce sound power in the room with
approximately the same power ratio as stereo, regardless of the power ratio of Cin
15 to Lin and Rin. We can express this méthemati’cally._ Essentially the equal power
ratio requirement will specify the functional form of the center matrix elements
along the cs axis, if all the other matrix elements are taken as given. If we
assume the Dolby matrix elements, calibrated such that the rear sound power is
3dB less than the other three ocutputs when the matrix is fully steered — i.e. that
‘20  the unsteered condition of the matrix is identical to Dolby Surround, then the
center matrix elements should have the shapes described by FIGs. 28 and 29.

- In FIG. 28, the solid curve shows the center matrix value as a function of cs
+1 in dB, assuming sound power ratios identical to stereo, and using Dolby matrix
elements with 3dB less power in the rear than typically used. The dotted curve is

25  the actual value of the center matrix elements in Pro-Logic. Notice that while the
actual values give reasonable results for an unsteered signal and a fully steered
signal, they are about 1.5dB too low in the middle.

Similarly, in FIG. 29, the solid curve shows the value of the center matrix
elements assuming equal power ratios to stereo given the matrix elements and

30 calibration actually used in Dolby Pro-Logic. The dotted curve shows the actual

values of the center matrix elements in Pro-Logic. Notice that the actual values
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increase o decreases. 25 Now to find the correction,dunsdsh85bo
needed, V\S‘/gB%?ﬁggst%he di fference between the boosted matri xr}:a enents and the

non boosted ones, along the Ir=0 axis. W call this difference

cos_tbl _plus and sin tbl _plus. (This code is witten in a nodified Mtt-ab,
where variables are nultivalued vectors. Comments are preceded by the %
synbol..) This Sheet Has Been Replaced -59 I I1ILIILI1I I 11111 SUBSTI TUTE

SHEET (RULE 26), O, 2336 PCT/,US98/ 18390 a = 0:45 % define a vector in
one de F%Eﬂ%‘iee%?“ ggﬁ/a ootslﬁg/ g’&l%}gg%qmﬁgst'd 45 degrees al = 2*pi*al/360; %
convert to Midsansvdfigareddshownsonisthind enixnehgiasbieatabites  avwsrersf - as t he
boost tabl stfhor the 5 fronqi sin t?)l = sin(a l); coi_t_bl = cos(al);

cos_t _bpgmeﬁg hat ¢ mix)prepared frapipyoagk on 8Dy Pro-Eogicraystomuenelien| ; %
Lhi S | bl SnBRS Ut IBudhlsd ftad bl mik ggléggﬁegfﬁ)gfﬁmybsaz il Btdneo, S0t bl _pl us

= sin(al).*corrl (a+l); sin_tbl _p _tbl _plus=sin_t %this is the
oné we Geswersdly, abhixvpregaredsion(siéned will d¢se+igcal slaritsbiwheinuplayed over a

cos_tb lus .arge the diffe ce.between.a plain sine an 5 _cosi pe, and
C e bodebakpaf et HaEANGniT iy BEF s b halel Bfbw, Sgriging T ) °)
cos_t bldepbdis kelsich. is.itéB6kal td-the unstddret Wonbitisd BEShe previdviueSgure. ( 125)
LFL and LFR {n the front right quadrant are sim./lar, but w thout the

+0. 41* G t er hAReTREQEJRVEBHPR; alse aacludgs the creatien of dwiorgdererdantresent s.

20 The ttggfg’% ddscdHied s@bwduadrant is not optimal either. In the curve
above n the steering 1s toward the rear the matrix elenments are given
byl0 The major problem with both the 1989 patent elements and the Dolby
elements is that there is only a single rear output. The disclosure given in
Griesinger’s 1991 U.S. Patent No. 5,136,650 created two independent outputs at
the sides, and the math in that patent was incorporated in the front left quadrant -
of the U.S. Patent Application No. 08/684,948 of July 1996. The goal of the
15 elements in this quadrant was to eliminate the output of a signal steered from left
to center, while maintaining some output from the left rear channel for unsteered
material present at the same time. To achieve this goal we assumed that the LRL
matrix element would have the following form:
For the left front quadrant:
20 LRL = 1 - GS(Ir) — 0.5*G(cs) - ..(152)
LRR = - 0.5%G{cs) - G(r) : ...(153)
As can be seen, these matrix elements are very similar to those of the 1989
Griesinger U.S. Patent 4,862,502, but with the addition of a G(r) term in LRR
and a GS(Ir) term in LRL. G(Ir) was included to add signals from the B input
25  channel of the decoder to the left rear output, to provide some unsteered signal
power as the steered signal was being removed. We then solved for the function
GS(Ir), using the criterion that there should be no signal output with a fully
steered signal moving from left to center. The formula for GS(/r) turned out to be
equal to G*2(Ir), although a more complicated formula is given in the 1991 patent
30 (5,136,650). The two formulae can be shown to be identical.

In the July 1996 application these elements are corrected by being given a

-67- This Sheet Has Been Replaced

AT

SUBSTITUTE SHEET (RULE 26)



. LFL = cos_tbl mnus(-cs) + 0.41*G(-cs) ...(126) LFR = sin_tbl_m nus(-cs)

. (127VO%HEBE nairix el enent's are very near | y identi caPCTASPHESG| by
matrix 25 el enents. Consider the case when a strong signal pans fromleft
to rear. The Dolby elenments were designed so that there.is conplete
cancel l ation of the output fromthe front left output only when this
signal is fully to the rear. However in a decoder according to the present
invention it is desirable that the output fromthe |left front output

s hoth!POQ‘éOﬁ sin(ashegestasd tonmaledhemy aloser to eorstanhdondmess forrargteeredect i on

! Go. MRl Cfhild complet %a?%%%ﬂ b P P} pBRt S, R RpPreBtioh® © o

SUBSTBdeEreSerﬁ'Ec@aﬂhErﬂﬂ)e MMWrm/ US98/ 18390 the signal pans
further t fu | re ri sed n the vers 11 decoder
- the one %ﬂfg‘mqt Iiaﬁ‘étg‘ﬁtlﬁﬁ{? erﬁgn# qegﬁt{ &Qﬁﬁélm%l ng
aQOUteleﬂ@Ety\/g%rﬁuﬁ tlabsd ?a@éﬂﬂ@ﬂ%@ 50B¢ Axﬁf we&eﬁhp@&ﬁbhtémm thes |evel

difference |s sufficient for goo perfornance of the matrix, but it is not
as goasea ldldarodebe. 5 This perfornmance can be inproved by altering the

concar L%?Eé%g@mﬁé%%% ﬂer]E emen%gtbe bee%h uﬁ\%aﬁ oundsc} We con

concer ned Wi matri-x e vary ary between
| ef t saywre gaot offblee suat bbbhe sqwaresaﬁHoELgimthlR; udmgAES mpafréx elements

Mul.ti gh S d d for Two- d L Davi d
G odtjamenied 1 dechuc ViEas 4 PSS TG hbve RobR Rk i Bhe et o6 7 g
t10e hahritaat, ﬂieﬁehe £BeBaiipsalahgrtbetiie: fripavbiaiyiddleto tise df5 Widktdxhahdt he

anpl i t ude of left front ut should decrease with the function F(t)
as t YREREY ﬁ%fhoe% Fethy T%V&?ai S0z the pEBdary eptweantsft andigenter. ha‘aleg. ves

t he |xeaﬂ"l'i%?et R gr ... (128)
15 L%bﬁh?(a (?13| gﬁ%‘glFt%é):iﬁa}T &g%(gﬂa%nt*&fs%kje(dfeéiegéé lal‘ge?) Thik, %ggm%f vve choose
F(t) inchudgsstite) dnatr@o”sélnfbfe3 rmetchte midyHe tﬁrtlasq:lanapwhic}l iohard k¢ =

cos(t s ) *sin(4*t) ...(130) LFR =

-(sin %ete) c%fs&(séirt ecla(oél(t) *sin(4*t ) .(131) These el enents wor k weII - the
fibont | ef tFirgt pud c01£s1de1dtlmed1xsnnohda lsym’x of the squares along the ¢s=0 axis.

This dip exists because of the use of G(Ir) in LRR. This choice was entirely

arbitrary — although it makes implementation in analog circuitry easy. Ideally,
we would like to have a function GR(/r) in this equation, and choose GS(Ir) and
GR(r) in such a way as to keep the sum of the squares of LRL and LRR constant
20 along the ¢s=0 axis, and keep the output zero along the boundary between left and
center. This can be done. We would also like to be sure the matrix elements are
identical to the matrix elements in the right front quadrant along the [r=0 axis.

Thus we assume that:

LRL = cos(es) — GS(lr) S ' ...(154)
25 LRR = —sin(cs) - GR(r) - ...(155)
We want the sum of the squares to be one along the ¢s=0 axis, so
(1-GSUrnr2 + (GRUIrN"2 =1 ' ...(156)
and the output should be zero to a steered signal, or as ¢t varies from zero to 45
degrees,
30 LRL*cos(t) + LRR*sin(t) = 0 | ..(157)
These two equations result in a messy quadratic equation for GR and GS,
S
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20 zero aries fromO to -22.5 degrees. FIG 22 shows eft
front Ie‘ﬁ?otg?{% rs{;x el emrent has the correct anplitude al ongﬁcﬂ?ﬁgg?iag#o
center boundary, as well as along the center to right boundary. W want
the output to remain at zero as the steering continues from22.5 degrees
to 45 degrees (full rear.) Along this part of the boundary, 25 LFL =
-sin(t) ...(132) LFR = cos(t) ...(133) Note that these matrix el enents are
rom.the .matri x el.engnts along the |r=0 boundary, where in the

f f
gr e\éllir og'iﬁf}étc@ﬂtbeaﬁ?}lvf*éaﬁqﬁﬁnf Yval ues were LFL = cos(cs) ...(134) 30 LFR

= sin(cs) . Figdad31-shbwsthesnehireicadtiasliies fReGELdndIGRFor cdhdthntWowdr UTE
111 SHEIE;JF RULEQZG) LEEL e e rrr W 99/ 12386 PCT/ US99/ 18390 _FI G
23 shol@¥ 0 kho ics70 @xis,And aerq prtputoalgng Haerkamndayyrhptiveendiefieand| ef t
and full,¢gar. The slight glitch is due to the absence of a point at 22.5
degr ees. need a nethod of snoothly transform ng the above equations into
thé 5 equaflisensf GSoand B asoshoien yesslts inankhrge iagrocamient kdohgahddry0 A

N AR YN R NS T ENCR N
def i nebgufdary Hetwbbe leftidifd céhter Famaths! Mned brastical deden if i frédidly not
bounda%r}E ziizrn%rcr)?%ai{t tolc(:)org%/)e;sai(t;e f!oI' (tll?nps>g1)'ror, but we can attempt to do so with the
following strategy. We will divide both matrix elements by a factor which depends
10  on a new combined variable based on [r and cs. Call the new variable xymin. ( In
practice the divide can be replaced by a multiply by the inverse of the factor
described below.) A procedure for defining xymin (in Matlab notation) is:
% find the minimum of x or y
Xymin = X;
15 if (xymin > y)
Xymin = y;
end
if (xymin > 23)
Xymin = 23;
20 end .
Note that xymin varies from zero to 22.5 degrees. If we multiply it by four,
it will vary from zero to 90 degrees, and can be used below.

In the front left quadrant
LRL = (cos(cs) — GSUr)/(1+.29*sin(4*xymin)) : ...(158)
25 LRR = (-sin(cs) - GRUN)(1+.29*sin(4*xymin)) ...(159)
In the front right quadrant,
LRL = cos(cs) . . ...(160)
LRR = -sin(cs) ...(161)

As explained in the previous paper, these elements are additionally
30  multiplied by the “T'V matrix” correction, which reduces the amplitude when the

steering is near the middle of the plane. We will call the correction for TV matrix

-69- This Sheet Has Been Replaced

AR

SUBSTITUTE SHEET (RULE 26)



. bp =y; end and a new correction function which depends on bp: 15 for x =
1: 24 ax WO B384 46-x)/ 360; front_boundary tbl(x) = PCT/USY8/18390 -
(cos(ax)-sin(ax))/(cos(ax)+sin(ax)); end for x = 25:46 20 ax =

2*pi *(x-1)/360; front boundary_tbl (x) (cos(ax)-sin(ax))/(cos(ax)+sin(ax));
end W then define LFL and LFR in this quadrant as: LFL =
cos(cs)/(cos(ts)+sin(cs)) - front boundary_table(bp) + 0.41*@Ir) 25
...(136) LFR = si n(cs)/(cosﬁ‘cs) +sin(cs + front-boundary-tabl e(bp)

... (1yeerr(Natl & leab)- cBveeat | Bh+des Dds (1395 - of meres )andnh opher the wrgumesd(iss) by
this t 1 s unction 1 - 0.5*@cs), which is the sane as the
Dol byé%gt%g%g%nggﬁi%gﬁaﬁadrant. 30 In the right rear quadrant, This Sheet -
Has Been REHhad2shoes-theldquiarerbot Of thée suid bf thd bqustdd S TRLEGHERR ( RULE

26) WD.99/,1. 2386 PCT/ US984L18390. o LEL .= ts)/ t ' (138
Cok usipg )I}?weﬁ%% Ry ﬁ#ﬁ%’j‘? GS. (ﬁﬁ%‘éfacﬁgs’&ﬁé‘ﬂ Rt B Bas vl | o)
NBt 1 i ger@brsteoh zado wteusresk.f Nutetthat leRtdpt foeahe Wille§ drégtddbgeheect i on

along the |eft-rear g&gndary .This causes the front 5 |left output to go to
zer 0 WRERES comertigngbae sepbaf the pauaresds closedo, onmand woptimuossni ns zero as

the steeringips poe Shveftioh] the ©PY mEIEY ErreBtiO hals/eel! AL 1o ANd | 1

the right rear adrant the function is 1dentic to the Dol'by matrix. FIG
25 shdependenlyeén the @bsohitgialve of ix whleanesnis. frdboted. tPlaisiwilheapsathé n t he

| ef L0 €L DM U5 Bkl Mo S7 Vil b 52 HREHOMh e 18 chEL ofEX g

10 correction for TV matrix becomes tvcorr(|ir]). Tvcorr(|lr|)is -3dB at zero, and 1

when the argument is 22.5 degrees and higher.

The rear matrix elements during rear steering were previously discussed
with reference to FIGs. 14-16. The rear matrix elements given in the 1991 patent
(5,136,650) were not appropriate to a 5 channe! decoder, and were modified

15  heuristically in Lexicon’s CP-3 product. The July 1996 patent application
(08/684,948) used a mathematical method to derive these elements along the
boundary of the left rear quadrant. As described in the previous paper this
procedure resulted in discontinuities along the Ir=0 axis, and along the ¢s=0 axis.
In the decoder version 1.11 these discontinuities were repaired (mostly) by

20  additional corrections to the matrix elements, which preserved their behavior
along the steering boundaries. The software error in the LRR element was shown
earlier in this application, as was the small discontinuity along the es=0 boundary
for the LRL element (see FIGs. 14, 15).

For the new elements described here these errors have been corrected, first

25 by using an interpolation along the ¢s=0 boundary for LRL, where the value is
made to match the value of GS(Ir) when c¢s is zero, and smoothly rises to the value
given by the previous math as cs increases negatively toward the rear. In the new -
software, LRR interpolates along the c¢s=0 axis to GR(Ir). In the decoder version
1.11 LRR interpolated to G(Ir).

30 We will first consider the Left Rear Left and Left Rear Right matrix
elements when the steering is neutral or anywhere between full right and right

-
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10 to recWB%}l_ gfront output to zero along this boundary "ﬁ:ﬁﬁﬁ%%ﬂg goes
fromleft rear to full rear. Once again in the rear direction along the

1r=0 axis and in the rear right quadrant the elenent is identical to the
Dol by matrix. One of the maj or design goals of the design of the inprowed
matrix of the present invention is that the |oudness in any given output
of unsteered material 15 presented to the inputs of the decoder should be

constant, regardless of the.directio f a steer,ed signal ich |s ent

oot hePear, o THRH3S. TRCeoll g0 ot St degiees: AP SHoCHEVRRAENR WrdB® ¢ he

squar egegfecshe matrix el enents for each output should be one, regardless

of the steeﬁn direction. As explained before, this requirenent nust be
n

rel axed whe : r@le!s§ conditigns the sterged romponantedttherinput zhouhd beut put i n
quest | ?éhm@@&}fr(%xﬁnétﬂef 1e¥€0aifuts 2O KL% Shodli%hd ﬁBtOLﬁ:gl)ﬁg%@%tﬁeha%ﬁgftsum of

the squares o matri X €l ement's nmust 1 ncrease eering
goés f ohanhef whewstheasteeeiarg ish®veardcssright ourriglesrear. by pl otting the

t of th f th f the matrix elenents. 25 FIG 26
hows. the.r dite HEFTIomens® ERFOMS the 10 PRRICS TR SHD drbevadutaggoal( For
this pTbleyverededsebeidilthel sd1medsthesOm{ HEkYixCABRRGHE A the 4 BRahREl

quadraat, o we could see how accurately the resulting sumcane to unity.)
Note GReodRvHEhthe pddilonegtithg sintas)bsosgpdcarnects the nosteeregeak as a

si gnal fr : Lo, . e Lr.acticon. . This
ea i WBRes | WA BE 84 Tone e Rt b SRBNY. T WA ol <
dukQ ngnewt furictionts wihaeh ang sitpteeqhal to siiBand hiosinshefts e fhderaRgp) aced
11111111111L§§ES_TI TUTE L] i€ SﬁEET (RULE 26) WD 99/ 12386 PCT/ US9 /é 390 in
t he other qua ant®® tcﬁ‘%'r%'g-m is very close to one, as was th i gn

intent. ThdRRBIein(res)Resrie@es) eft quadrant is not quite equal (yggpne, as
mmtch 1 s pr okt yopBlRE Tk snh LEHo et es sanas 6f cat 0dp -BRS Seimunt add a
b L e B S
onkd t Hesireridp less oetputawhehesteeting 19 nentralhbut rising to the value in the
“Logic 7” decoder version when the steering is more than 22.5 degrees to the rear.
Performance is somewhat improved by making this reduction sensitive to the sum
of |Ir| and |cs|. This is achieved in the current design by reducing both the RRR
and RRL elements by 3dB when the sum is zero, and raising them back to their
20  original values as the sum goes to 22.5 degrees. Once again, the slope of this gain
change is relatively arbitrary, as long as both RRR and RRL are altered in the
same way. We will call the correction for TV Matrix tveorr(|lr|+|cs]).
Tveorr(}ir|+|cs|)is —3dB at zero, and 1 when the argument is 22.5 degrees and
higher. .
25 LRL = cos(~csy*tveorr(|Ir|+|cs|) = sri(-es)*tveorr(|Ir|+|cs]) ...(164)

LRR = sin(-cs)*tveorr(|Ir | +|es|) = sric(~cs)*tveorr(|Ir|+|es|) ...(165)

Notice that we have defined a new function sric(x) which is equal to sin(x)
over the range of 0 to 22.5 degrees, and sri(x) which is equal to cos(x). We will use
these functions again in defining the Left Rear matrix elements during Left

30 steering.

Now consider the same matrix elements as ¢s becomes greater than -22.5
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_ rear vertex has the value 0.5, and the left vertex has the value 1.41. Note
the pe¥RIYIPEG the middle to center axis. The next concRETHUSHHSEWsed in

the present invention is correcting the values 10 of the rear nmatrix

el ements during front steering. The rear matrix elements.in Giesinger's

1989 U.S. Patent No. 4,862,502 are given by: For the front |eft quadrant:

LRL = . 71-.71*@(1r) +.41*. 71*Qcs) ...(140) 15 LRR = -.711GIr) +

41, 71*(3(02& ...(141)_ For the rear left: LRL = .71

71*®gre)es s nyent@nessin Grigsinggr’s emrier ARS- papgy and patents. amd (- cs)

f d
RR J0aticath s php BB sted, 1 RERHRANBide g (15 e er WS PR, AL o
Ief t IﬂﬂRldhanId dedllease td :Izer(Y 1Sﬁh[plle) Hfuhttiond fAfds this: . (144) LRR =
)D % 71* Q,) (145) For the rear left: 25 LRL = .71 -
71*%?(‘%?“1 er thakes 1§ Vel xGIr) ...(147) (the right half of the plane
iss identi g, lw(tco§(‘ﬂﬂ5t|1é3)9$ ﬂaBbst%g))LaR@rl( és)hr t@éos@q -ed)pssi on oryyieee surround

| evel in Dolby Pro-Logic - note that the enents are |dent|cal in
the front LRR <sintée+enict sde-exle boost dependent 30 on cs i-A16f¢ rear.

oL 1 SR R Ao BRBE gy O3, A0S BB 3, Shect

(RULE 26) 'I\NB B&h ¢ 88 6f BT 1Lld8ORe 48 2@t dndrtmfhﬁeadllhght eterhbetsnisymhiths e
decoders are derive all trix.elenents with a
ol g praplsr: r oh Leth Renp Lot Sleien Cinvst SiiaTEirisnipet 2oro to hear

10 maximum as /r decreases from 45 to 22.5 or to zero.. The matrix elements given in

-

the amended application of November 1996 perform this, but as we showed
earlier, there are problems with continuity at the ¢s = 0 boundary (see FIG. 15.)
For the decoder version 1.11 a solution was found which uses functions of
one variable and several conditionals. In Griesinger’s AES paper and the patent
15 applications cited previously the problem at the ¢s = 0 boundary arises because on
the forward side of the boundary the LRL matrix element is given by GS(Ir). On
the rear side the function given by the AES paper has the same end points, but is
different between them.
The mathematical method in the AES paper provides the following
20 equations for the Left Rear matrix elements over the range 22.5 < Ir < 45:
(remember that ¢t = 45-Ir)
LRL = cos(45-Ir)*sin(4*(45-/r))-sin(45-Lr)*cos(4%(45-1r))

= sra(lr) ...(168)
LRR = —(sin(45-Ir)*sin(4*(45-Ir))+cos(45-Ir).*cos(4*(45-(r)))
25 = —srac(lr) ...(169)

If cs <= 22.5, Ir can still vary from 0 to 45. The AES paper defines LRL and
LRR when Ir has the range 0 < Ir < 22.5, as shown in Figure 6 in the AES paper.

LRL = cos(lr) = sra(lr) ...(170)
LRR = -sin(lr) = -srac(ir) .(171)
30 The two functions sra(x) and srac(x) are defined for 0 < Ir < 45.

In the version 1.11 decoder the following technique is used to fix the
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are preselled dssgl f they had a maxi mumvalue of 1.41. In fagleuéfiissco
techni cal réasons the matrix elenents are all eventually sca'ﬁe so they

have a maxi num 5 val ue of one. In addition, when the decoder is finally put
to use, the gain of each output to the |oudspeaker:is adjusted so the-.
sound power is the same at the |I|istening position when a signal is
presented to the decoder which has been encoded fromthe four major

directions <. left, center, right nd rear, | ractice this s that the
et o CRBPDtnRY peSl e e hnn i, B ine 48 Wner Roar ooz0 Litlsand of
the de@/RRrarerothcofialctiondasf € siigilé variahdé. Me fix $heeat0Gf cdhAtnLdGKaRhgdthe

| evel boo&i&oi n the rear  direction in the Dol by decoder neans that during

the cacso? boumdasy e adde fanction of grcarppositespf Guapdics. Fhe new varigble isy

3dB rehaty : ac 1. hemDol. odgr, i n
practi g@TBO\IE%L&eg’}H-g @ : rﬂ)réd%ﬁ%éfz%e b%aygtf_ Ir:&?q c& ?I&lj%?lb?ﬁnﬁcgn gl?&l rence is
not5 t r ivairkdble W enfli¢cientlycumplieatedtthatlewil pregbridt theysehdve QVIARDIABM

val ue (%f gne when there is full steering in one direction, we find that
during P8t eered conditions the el enents fromthe 1989 pat ent have the

val ue 0. 71, lansbiddedssrofest B fHadahediffbrddt®. el enments has the val ue of
one. This 20Q.is Eot ér(ge gf t he Dol by rear elenents when calibrated. LRL
has the unstiféireBounded s03% Jpenlyupdlringessum of the squares is 2, or 3dB

hi gher than Wb%%gl edOW guts. Note that the calibration procedure results
in a matrix Th does not’ correspond to a "Dol by Surround" passive matrix
whth t he matif (454 |sslinstredoadded Ttteubs thy sfualtarusfothpasse valwas ri x specifies
that the rear o_g)t ut %ho_ujl%‘gh_ave the 25 value of .71-"(Ain + Bin), and the
Pro-Logic matthf 081(%15 €8t this specification. If there are two

-

not

speakers shaWengefifié & @t fuhction whichl ishen3dRBo 28btfifferentt Bocwidd tigke al |
five speakers have,apprtixi mat el y _equal sound power when the decoder inputs

are undBRVEIL Aatipiah Wined ¢amlk | Thes EnksaTsaetivencoreectdadounleddt are used,
the sanme calpby ptd QB 4y ocedure results in 3dB | ess sound power 30 fromthe
rear when the decoder 1 nputs are uncorrelated. The elenents for the rear
oulput s in tReamagtizestymestid) aderatfotim@SL(eyel boost when the(1G@) put s

A et Pt LR DA PR 38R A6V cbhlecld Buntlol) f)~! !~ SUBSTITUTE
*tveorr(|Ir|+|es|) ...(173) The
important point about this method is that it works when Ir < 22.5, but it does not
work when Ir is larger. A better technique, which was not used in the version

20  1.11 decoder, is the interpolation technique which is used for LRR.

The version 1.11 decoder’s LRR coefficient uses a better technique. Here
there are two discontinuities. Along the ¢s=0 boundary LRR in the rear must
match the LRR for the forward direction, which shows LRR = -G(Ir) along the
¢s=0 boundary.

25 The choice used in the version 1.11 of “logic- 7" decoder — although
somewhat computationally intensive — is to employ an interpolation based on the
value of cs over the range of 0 to 15 degrees. In other words, when cs is zero we
employ G(Ir) to find LRR. As cs increases to 15 degrees we interpolate to the
value of srac(lr).

30 There is also the possibility of a discontinuity along the Ir=0 axis. We can
solve this by adding a term to LRR which is found by using ¢s_bounded. The term
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WD 99/ 12386 PCT/ US9$/ 18390 fully steered - either to the | éft or right

si des -WO9%dE®¥pl etely to the rear. Thus they follow t hePGBYS¥IEEWNE in
terns of their surround | evel when they are unsteered. To see the

i nportance of this issue, consider what happens when we have 5 an Lnput to
t he decoder which consists of three conponents, an uncorrelated left and
ri ght conponent, and a separate and uncorrel ated center conponent. Ain =
Lin + .71*Cn ...(150) Bin=Rn+ .71*Cn ...(151) Wen Ain and Bin are
pl ayéslsimplt srielss_hhmdasiin s werm; will insurementiriuity acrods phedo=0 iaximl t o
Lin"2 + RN + .G ph2. hree conponents have roughly equal

anpl i tudeg,q'r%’h‘geﬁaae?ilr% %gf—iof’ﬁiéhgénter conponent to the left plus right
conponent cai bdurddedl=4r -\68; woul d | i ke our decoder to reproduce sound power
in the roomw.th  appr,oxi mately.the .same power ratiqQ as stereo, regardl ess
of the power yfégq_@o%deé%ﬁf%%&sgpﬁt%ﬁlae FAMPN KB xpress thi s

r%t hemati cal | yeg b3gg@kHaklos the equal power ratio requirement will specify
the functional formof the center matrix elements along the cs axis, if
all the otheremdhtrix elements are taken as given. If we assume the Dol by
matri x el ene cal.i b ) h : S ' 3dB | ess
than the ot hgﬁ#ﬁ?gg é?épﬁ’géﬁ\%gk%ﬁ%e nlgfrsfngﬁ{eg %@y&gﬁél}{g - i.e. that
20 t he unst eer esl boandieti ed®ir;t he matrix is identical to Dol by Surround,
then the center matrix el ements should have the shapes described by FIGs.
28 and 29. In®®¥G 28, the solid curve shows the center matrix value as a
foinction ghre§ = GXoi1s dB, assum ng sound power ratios identical to stereo,
and using Dolgly{ matrix elenments with 3dB | ess power in the rear than

typi cal | y usebRRrrd-gsaet « (sraer)sGAsNtHE-¢csatl®al val ue of the center
matrix elenments in Pl&ié(egi%unmhb)@&c%mg}md'cfﬁyhe actual val ues give
gnal” 'a

reasonabl e results for an unsteered si fully steered signal,
they are doows =115dB23H8 low in the mddle. Simlarly, in FIG 29, the

solid curve s _the val of .the center. . matri el.enent s assum ng equal
power ratios ?‘gﬁt"e '%r&cglfggr?‘?ﬁ%ﬁsﬁa%‘flgﬁg)él*é’ﬁB’fﬁ‘I*ralﬁol cggg calibration
astual |y usethé deéxldryaddordingiocthe fresent iretntivny BRIhiwcorhpeatealwitdl val ues

of the center. rix ele S in Pro-Logic. Notice that the actual val ues
h1n1:erpo atmrrlrﬁjlust as tlor %: 9

forcs =0to 15
LRL = ((sra(lr) + (sra(lr)-GSUr))*(15-cs)/15)
+ sri(-cs))*tveorr(|Ir|+|cs|);
20 for cs = 15 to 22.5
LRL = (sra(Ir) + sri(-cs))y*tveorr(|lr|+|cs]);
As the steering goes from left rear to full rear the elements follow the ones
given in the AES paper, with the addition of the corrections for rear loudness.
For cs > 22.5, Ir < 22.5
25 LRL = (sra(lr) + sri(cs) + rboost(cs)) ..(174)
LRR = -srac(lr) + sric(cs_bounded) ' ...(175)
This completes the LRL. and LRR matrix elements during left steering.
The values for right steering can be found by swapping left and right in the
definitions.
30 - The next improvements to discuss is the implementation of the Center
matrix elements in the present invention.
-
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SHEET (R 5”@ 6’% 99/ 12386 PCT/ US98/ 18390 are nore than ﬁ’é too low for
all steerings. These two figures show sonmething m x engineers are often
aware of - nanely that a m x prepared for playback on a Dol by Pro-Logi ¢

system can often need nore center |oudness than a m x prepared for
pl ayback in stereo. 5 Conversely, a mx prepared for stereo will.|ose vocal

clarity whe L r.oni I this is not true
of a passi vg‘h%oﬁa%&gggfr{%h}ggle%eco ﬁ1ev\§ ng% efalé)ﬁtfgl-al ﬁlﬁvoe P¥e%Unst eer ed
condi tdﬁfbmhcemﬁropn ahiewentés glelment'ﬁhﬁ threcdelyt 1996 patércinapplieatisic! MIRS'8Bhe
creation of t | ndepen rear , oulputs, as descrl bed bel ow. 10 The nmj or
pr obl eWthW%\@ﬁquﬁg?rfgﬁ%lﬁﬂaé’rﬁtb@ @@W&g&ﬁa tHR e %PBF- elements is that
there is onmrqr@mgde@ﬁ r output. The disclosure given in Giesinger's

1991 U. S. Patent No. 6,650 created two independent outputs at the

si @es, and Qle—nht*h%lﬁgt(ﬁ%‘)t @lrent was incorporated in the fron{1T@¥t
guadr ant b&h_e ﬁnt Application No. 08/684,948 of July 6. The
goal of the } this quadrant was to elimnate the ‘01(1 of a

si gnal steeMIfelanmtéaﬁng to center, while naintaining sone output fromthe
left rear c nnei ﬁ{l unst eer ed materlal present at the sane tlrre To

achi eve thi Bssumed that the LRL matrix el ement woul ¢(h&% the
following f@mn= for the left front quadrant: 20 LRL = 1 - GS(Ir 179)
0.5*¢cs) ... (152 LRR = - 0.5*Qcs) - QIr) ...(153) As can be seen,

t Hdse mat ri DineeHommmatiz elespgnts havap &mele@seabwt tlee 1@"€91gh§ams; t'lgiar

s 1) ek, d Chiad gr ot ek iR A bERRlg By il e B 25
channel of & @3 sbews tthetCentieeflieft ¢AL) mdtpin elengermy @F/tld;%fcﬁﬁ%amﬁél&ﬁ{cﬁd
signal Dolby Pro-Logic decoder plotted in three dimensions. This is also the graph of the
Center Right matrix element if we swap left and right. The middle of the graph,
15  and the right and rear vertices have the value 1. The center vertex has the value
1.41. In practice this element is scaled so the maximum value is one.

In the July 1996 patent application these elements are replaced by sines
and cosines:

For front steering

20 CL = cos(45-Ir)*sin(2%(45-{r))-sin(45-Lr)¥cos(2%(45-Ir)) + .41*G(cs)
...(180)

CR = sin(45-Ir)*sin(2*(45-1r))+cos(45-{r)*cos(2*(45-Ir))+ .41*G{cs)
...(181)

These equations were never implemented. The version 1.11 implementation
25  is based on the steering in the 1989 patent, but with a different scaling, and a
different function of c¢s. We found that it was important to reduce the unsteered
level of the center output, and a value 4.5dB less than the Pro-Logic level was
chosen. The boost function (.41*G(cs)) was changed to increase the value of the
matrix elements back to the Pro-Logic value as ¢s increases toward center. The
30  boost function in the version 1.11 decoder was chosen relatively arbitrarily.

In version 1.11 the new boost function of ¢s starts at zero as before, and
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. power as the steered si gnal was being renoved. We then solved for.
funct i.of© 9@@@%), using the criterion that there should per ’H(g”ﬂsa‘ﬁ)al out put
with a fully steered signal noving fromleft to center. The fornula for
GS(lr) turned out to be equal to &2(lr), although a nore conplicated
formula is given in the 1991 patent 30 (5, 136,650). The two fornul ae can be
shown to be identical. In the July 1996 application these el errents are

corrected by bei ng ven 7- Th Sheet een Replaged | iilllll
1111 nseﬁlwqtﬁlqﬂ 1y $39 amﬁﬁf&@é&%ﬁn&r&ﬁe‘ggﬂ% %gg% HPGWQJ‘ESN 18390
boosipay gééféb(sc Sr)ﬁ&ssﬁ&% )1)11t eh@ﬁ%&e&&?m slceﬁ%rftqnﬁ%@f %mm ﬁ%dé&’chsdﬁor

unst eere mat er i al Wil e COTTp et el Yy successful 1 n the I’Ig front
quadofmcreake in@sr B¢ fnction then vhapgesslopessuth thatiivethenext RBnt

guad r th -I‘I t |t
o BBhses g HHiriX ARtneie Mo kBB adE ulI I BELP ERINANE Sifielt ! c8l L0
| grpl be teuii €ldle Isﬂed;fl%g 1%%1&%‘ dronk” ISdBen'CﬁBEh Hegrdes) tied hefavﬂ?mttmqh eb&inem’fcs am;]eobl ens
can be s n i C t he u t t
cquaeeua o the newraliralogs of 56 RUT matris Sbriiia: & Hin sleRING SORHOBE oder
ver sieindud Fordfandl, (R 1RAP KRG tNétcﬁdtlﬁﬁ’mkréléxﬁéniéBé'ﬁoxﬂx@%&u&p quadrant, there

is a alon the line fromthe mddle to the |left 'vertex and a

nearly 3d ﬂ‘lbe)ogtquﬁﬂ“@ ¢anter cbanngl ishusotiAdBr gesaébméahm ddtoudpatcent er.

The untain.r h

dr awihg? isﬁ Y éﬂnéllvgﬁg S%gﬂ #l\%%%él £E§E€e§?ﬂ1%fstﬁ:ﬁlg g—(rane _
m?]i Chhb&:e}[ﬁ&é]d to see inlthi S projection. 15 Fi rst we consider the dip in

t he sum o e ares, a =0 axi Thi s, ,di p exi,st,s because of the
oo of Mo Bl a3 BhaE et Chfer de b Ity bRimert iy 6 Pafls T uBeeSoon” ¢

mak esyerSneant Ao that, &*émtﬁ& % fieuplot of I8y, - 33, dhalhiddle Walu®dnd fheke to
have a function GR(Ir) in this equat1 on, and choose GS(Ir) and GR(Ir) in

such rghiagndseas vestipes have prepredieed B 4-24BofAs £8 ingreasdathe pentest 20
al ongné% o B ng ff”l‘h e‘g%én’ﬁ’ eQut put zero along the boundary between
e.

['eft "an cen |s can We would also like to be sure the
Aatrix el éﬁhatsshamm forddet ¢antler msedhn veasivinxl. dldemet optimahe ri ght front

quadréonsﬁeraﬂgeter)]i%elx{en%)e %ltﬁ ‘the decoder in practice has shown that the center
portion of popular music recordings, and the dialog in some films can tend to get
lost when you switch between stereo (two channel) reproduction, and reproduction
through the matrix. In addition, as the center channel changes in level a listener

20  who is not equidistant from the front speakers can notice the apparent position of
a center voice moving. This problem was extensively analyzed in developing the
new matrix presented here. As we will see later, there is also a problem when a
signal pans from left to center or from right to center along the boundary. The

~ value above gives too low an output from the center speaker when the pan is .ha'lf-

25 way between.

We now consider the center channel in the new design.

The center channel output must be derived from the A and B inputs to the
decoder. While it is possible to remove either the A or the B input from the center
channel output using matrix techniques, any time the steering is not biased either

30 left or right, the center channel must reproduce the sum of the A and B inputs

with some gain factor, either a boost or a cut. How loud should it be?
I —
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Thus we a@,f,%g@}gsg = cos(cs) - GS(Ir) ... (154) 25 LRR-y hggg;,s) -

GR(Ir V\é vvant the sum of the squares to be one al ong the cs=

axi s, so (1-GS(Ir))n2 + (GR(Ir))"2 =1 ...(156) and the output should be
zero to a steered signal, or as t vari es from zero to 45 degrees, 30 -.
LRL*cos(t) + LRR*sin(t) =0 ...(157) These two equations result in a nessy
quadratic equation for GRand GS, This Sheet Has Been Repl aced 68(I1]1

1111222171 110l 2221111 ,, SUBSTI, TUTE SHE 1 6 .

PCT) Usos1 1615 ABSVRE KA A0E SRR Ao Bante, ab e A vier b as SeomshEishc
numer i eehinSehtutan T nitrsndaldRsi Presentsd aBsvPELFL! Y8 ILER e ded

axis, and zero. _output along the houndary between |eft - and center. Use

of GS ARdemevasthenesnter comnonent of theigput signale merthestepgngn@moveso  axi s,
as int ?&Qﬁ H‘W@Yﬁ SHOKW"' tREANE {1 ﬁ@tséfghglf hh$BesHWNH ﬁe&‘lf&[\gaﬁp@vnh
y I'ns” I'n tica

boundar et ween and center prac des
pr dbablspmeokind ef yrosrsmeezmsu‘cb asoarpeematvmdfthrcohlurcﬂ the mathEIMemta;n

ol cronevely 4Bova s TohPEempinit Uis Batiminle, L5all ot e S Bohgetens)

I'r and lc@moh él@mé}ﬁw YR valien Y11 decdder aéﬁfetdtseaﬁa%elﬁfév@l%n‘één be
repl aced by _a. nultip ﬁﬂthe inverse of the factor described bel ow.) A

pr oced@ceording forthe wgesw nventiomhell sommetaly gaytore theoariginal separationum of
X Or Y TR ¥bikion .11 21drhe Aty it hnY) 1evEY Bblktwlen 53¢ approximately 22.5)

10  also restore the original separation.

However, if the input to the decoder consists of uncorrelated left and right
channels to which an unrelated center channel has been added:

A =Lin + .71*Cin ...(182)

B = Rin + .71*Cin _ ...(183)

15  then as the level of Cin increases relative to Lin and Rin, the C component of the
L and R front outputs of the decoder is not completely eliminated uniess Cin is
large compared to Lin and Rin. In general there is a bit of Cin left in the L and R
front outputs. What does a listener hear? '

There are two ways of calculating what a listener hears. If a listener is

20  exactly equidistant from the Left, Right, and Center speakers they will hear the
sum of the sound pressures from each speaker. This is equivalent to summing the
three front outputs. Under these conditions it is easy to show that any reduction
of the center component of the left and right speakers will result in a net loss of
sound pressure from the center component, regardless of the amplitude of the

25  center speaker. This is because the center speaker signal is always derived from
the sum of the A and B inputs, and as its amplitude is raised the amplitude of the
Lin and Rin signals must rise along with the amplitude of the Cin signal.

However if the listener is not equidistant from each speaker, the listener is
much more likely to hear the sum of the sound power from each speaker, which is

30  equivalent to the sum of the squares of the three front outputs. In fact, extensive

—————
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it (xymn > 23) xymin = 23; 20 end Note that xymn varies fromzero to
22.5 deBO942386f we nultiply it by four, it will vary fPEEUSEVE3¥G 90
degrees, and can be used below. In the front |eft quadrant LRL = (cos(cs) -
GS(1r))/(1+. 29*sin(4*xyinin)) ...(158) 25 LRR = (-sin(cs) - .
GR(Ir))/(1+. 29*sin(4*xymin)) ...(159) In the front right quadrant IRL =
cos(cs) ...(160) LRR = -sin(cs) ...(161) As explained in the previ ous
paper, these el ements are additional | y 30 multiplied by the "TV matri x"

cor r distening has showadthassin fast &hpisinu o théhpowehe of silethel sppakersésr t he

ddl t f TV mat Thi
oot A A p et do G2 Aok SoSRBE i Se] OF eRialiPiilohiotifle (e
26) \Watpats a8 8iee H@Efédé‘i%/ 18390 ' tvcorr (Il 1r (+ I cs (). Tvcorr((lr (+ (cs
TR R TN IR (T eI e g
usl NGl d'€if e (ed8Sv JIOWhER SNEcHiRy bEtvechatblo Y 01‘1 .ﬁa]tﬁ% as a

alley 5 centered on zero steerln%g Not e that excep or t e va
cr eatreproguctien,the saund rowenof sbe (in comuponent mtﬂh@ cember outpat musse to

one r on

has %gg%%?n%ghwgﬁormgepen Igér?ﬁ'{& th el% 3 Q%Fh{]’e e\}'a'?{ n&%}}:é reft %ﬁg lts1 IS

f ront(aitpuﬁn,l andvitsl razhm;mnt]lmethesmdranﬂ;pab@vmn taaldmomlnccahphc?dtmh @mghéthe | r=0
front ection for, TV mat omes

1S 18l Sk bk to i Batd e TosR b S ASar R ARovec Ehis AT OTES o

18 2Zcausdaiec@ntardo Iﬁega% beTé”tﬁne‘ivﬁﬂf, 16wy 86 Eéﬁ'ﬁ{é §aﬁb§ Eokta®Rl WRS eer'i ng
were previously discussed wth reference to FlI 16. The rear nmatrix

el emesars WIiteciis peqnizensnt 508 sat of egualens o) theememd)poappr Gthesate to a 5
Chann@duﬂ?&%dc%n bRDIVE for B éélﬁdfunctlon we need for the center speaker. '

We previously gave graphs showing the energy relations for a Dolby Pro-

Logic decoder under various conditions. The Pro-Logic decoder is not optimal. We

15  can do the same for our new decoder. '

In FIG. 35, the solid curve shows the center attenuation needed for the new
LFL and LFR if the energy of the center component of the input signal is to be
preserved in the front three channels as steering increases toward the front. The
dotted curve shows the center values for a standard decoder.

20 - As can be seen in the solid curve, the needed rise in the level of the center
channel is quite steep — the rise is many dB of amplitude per dB of steering
value. This steep change in amplitude is audible in practice. Also, although the
relative balance of the center channel information in a popular recording is well
preserved, if one is standing close to the center speaker the sudden changes in

25 level can be annoying. Furthermore the loudness of the center channel is extreme.
We tested this curve and found the center balance to be excellent, but the front
sound stage was dominated by the center loudspeaker, and left-right separation
was minimal.

There is a better solution. The center attenuation shown in figure 35 is

380 derived assuming the matrix elements previously given for LFL and LFR. What if

-
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15 heuri %ﬁgﬁ{%@l n Lexi con's CP- 3"pro-du'p'f.. The July 1996 P%@g% (18300

applicati 684, 948) used a mathematical nethod to de

el enents along the boundary of the |eft rear quadrant. As described in the
previ ous paper this procedure resulted in discontinuities along the [+=0
axis, and along the cs=0 axis. In the decoder version 1.11 these

di scontinuities were repalred (nostly) by 20 additional corrections to the
matrix ele d their hehavior along the steering
boundaFeesears é’fe;&#&gﬁlg 7o Shert %QYLER ¢ QReA R AGERRANIVEAPIUter i n
this apghbeal %ﬁﬂe caftepan l;k@xesﬁvérbmdt}fé% hAHIi¥h R ddtputsy=O boundary

for the LRL enent (see . For the new el enents descri bed here
these err or bisteuing sests chove thaidthe V¢I§tl0n A5l hylecadarelaments arpalegdiesslnl ong

o ©> BERRAUAPE Yol Cherhfme VIR Eorl BE oifiifchd. ARUSHLRIHED: 10 Rl ©

GS(Ir en cs I's zero, an® s y Tl
pr évi otlsatrﬂ‘iéy slsoulsl daﬂso eé&%ena@,@t retﬁb\yed ﬁ\m (ﬂhéﬁﬁrﬂmrbe Fiveh® de@iter

ft LRR t | t d d
ver s1 ol idEPERKERRIT Hee AT SPRAVEER PRoTEvsD uncd from thlef i Bighthent ef
Rear L\?/r\%éal@éi@ hﬁﬁtttﬁeﬁfurﬁfﬂa‘la 1%115."11’&1‘ eﬂ‘f?é‘?ﬂ&l% ii§Rch esé (El—igg enw ral

or an ere between full ht and right -70- This She epl aced
NN the cqmtqn power in the ﬂ¢ anfsUBgiuthmekemeend( ﬂLﬂLEerE@)‘ mmm«aenter |
PCTI Usgéé%ig rear. That is, Ir can vary fromO to -45 degrees, and cs
can var fom 0 to -22.5 degrees Under these conditions the steered

cdfponent ofWe heeaﬁepthe spidmiad siyetern dyyofiest dhroegiridha geeﬂ‘tteroﬂdﬁﬁﬁbﬁ fortther e
shoul d. be no o ﬁg‘{ﬁt] mtqng rea Ieft 5 channel rk%he steering is

t owar d'RHEAFE @ﬁ liﬂlf&ﬁ gF OUHRRt A3 P |‘§}‘-T§I‘1éﬁ’eﬁi‘§lugf3 rithaxise Wogean

pat ent thén 53R:ORP)thachi@¥tsd i %maﬁeedea hﬁ%l@rl‘%ﬂe&ﬁ& rﬁ%ﬁd frént Bﬁtﬁ&fﬁ@s the

rear matri x_elenents in the 4 channel decoder, e additi
si n( cskeepdbetroWerorh tae Com cpmpometunsrbemdﬂed)@dnebs ropheponstagti s done

the matrix ¢l RMRNLSHALE tBhTRhE celferthdnti ik 1RdLESY in level by 4.5 dB below

15  the level in Griesinger’s 1989 decoder (4,862,502), or —7.5dB total attenuation.
This is a factor of 0.42.

For front steering,

CL = .42 - 42*G(lr) + GC(cs) ...(184)

CR = .42 + GC(cs) ...(185)
20 For rear steering, _

CL = .42 - 42*G(r) _ ...(186)

CR = 42 (187)

Several functions were tried for GC(cs). The one given below is specified in
terms of the angle cs in degrees, and was obtained by some trial and error.
25 In MATLAB notation:
cenfer_max = .65;
center_rate = .75;
center_max2 = 1;
center_rate2 = .3;

30 center_rate3 = .1;

PR
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10 new functions which are sinply equal to sin and cosine of ¢s over this
range. WORY1238os(-cs) = sri(-cs) ...(162) LRR = sin(-cBSTAUSSH]IBN )
...(163) To conplete LRL and LRR over the range.of ¢cs = 0 to -22.5 we nust
add a gain reduction for the "TV matrix" node. Once again in the."TV
matri x" node we 15 desire 3dB | ess output when steering is neutral,” but
rising to the value in the "Logic 7" decoder version when the steering is
more than 22.5 degrees to the rear. Performance is sonewhat inproved by
maki ng t hil€ (¢sedudi on sensitive to the sum of | Ir | and | cs |. This is
achieved in Lr g8k h g r hidd. both the RRR and RRL el enents
by 3dB V\hen.gtc{b%gigﬁma?slﬁzig@g, E%I%ﬁrr%ﬂgﬁ%gﬁ’t hem back to their 20 original

val ues as thmpsagojead)t o 22. 5 degrees. Once again, the slope of this gain
change is rel.? ively.arbitrary, as long as both RRR and RRL are altered in
the same Sh&SH %<v§/q)l call the correction for TV Matrix tvcorr(l Ir ~ + |
cg |). TVCOfrgc(ds-lijl_:J tiip¥105((¢8- 11 B cerdttB_Bite3£20)); and 1 when the argunent is
22.5 degrees and |%her. 25 LRL = cos(-cs)' "' ‘tvcorr(~Ir I +cs 1) =

sri (-cs)*tvcaf kgalcgl)|> ¢entegsmax) (164) LRR = sin(-cs)*tvcorr(l Ir + 1 cs
) = sric(-cs)* ry(_ I l cs 1) ...(165) Notice that we have
defined a new f'%érgg%fc?n_ g?ﬂl“%(xsn%\rﬁhi ch is equal to sin(x) over the range of O
to 22.5 degremsl and sri(x) which is equal to cos(x). We will use these
functions ggain in defining the Left Rear matrix el ements during Left 30
steering. W consider the same matrix el ements as cs becones greater than
182.5 71 Ebis: BacenbionBoen ORap anstoBUESTARITEOYEET (RULE 26) 1111111
IRE 1111111111 WO 99/12386 PCT/ US99/ 18390 degrees. As mentioned in

G i esi nger ' sifdgefosed) REcsnbeRMMaxdd patents and applications previously
cited, LRL sho 14\ . nore over this range, and LRR should
decrease to ze$uées+51|)rrplc%a eggﬁlﬁ%ghs fulfill this: (renmenber that cs is
negative) 5 BRI = (cos(45+cs) + rboost(-cs)) = (sri(-cs) + rboost(-cs))
...(166) LRﬁli'e = sin(45+cs) = sric(-cs) ...(167) The Left Rear matrix

el enents dtif ng right steering are now conpl ete.

15 This function is plotted in FIG. 36 as the solid curve.

We can solve for the needed function for LFR if we assume functions for
LFL, LRL, and LRR. We want to solve for the rate that the Cin component in the
left and right outputs should decrease, and then design matrix elements which
provide this rate of decrease. These matrix elements should also provide some
20  boost of the Lin and Rin components, and should have the current shape at the
left to center boundary, as well as the right to center boundary.
We assume that:

LFL = GP(es) ' ...(188)
LFR = GF(cs) .-.(189)
25 CL = 42 - .42*G{lr) + GC(cs) ...(190)
CR = .42 + GC(cs) : : ..(191)

The power from the front left and right speakers is given by:
PLR = (GP*2+GF*2)*(Lin*2+Rin"2) + (GP-GF)*2*Cin"2
...(192)

30 . Power from the center speaker is:

_—
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-The behaw(%g,&%ghe Left Rear Left and Left Rear Right el epppigBod/fazsa/ch
nore conpl eX. - %e Left Rear Left elenent nust quickly rise fromzero to

near 10 maximumas |r decreases from45 to 22.5 or to zero.. The matrix

el enents given in_ the anmended application of Novenber 1996 perform'thks,
but as we showed earlier, there are problens with continuity at the cs =0
boundary (see FIG 15.) For the decoder version 1.11 a solution was found

whi ch uses cth ANS AT . A N Akl Rgxseveral conditionals. 4

Gi esi nger'é@Eggagz lgngq'?%é EL?%‘G%Q&@‘S} ieztr:at ions cited pr'égllig(?asl y the
Br Obljlem at hpbﬁzsfsr@mo;mml adpeadt_remdjs_pbﬁﬁ%met‘h@lrmatﬁﬁ dlemealt ‘ sl wad dez_e.ngé Ee
oundary _t he matri x el enent 'i.s gi ven by r). .the rear side the
functi YYH“@WEW%@%%@WP%F“H%@IF I?ét%lé’rﬁ?%&ﬁ' %@B%{é‘?ng pryar d g f f er ent
bet “Be&e%ilﬁ{g: aliPtHEY DRIPLS & csTRMIPHRR S SiR(AFS F3Reh bl §5sakdiethen,
foll ow ng equations for the Left Rear matrix el enments over the range
2255 < |r <PREAR(F&Vditeos(ashiiLint T 1X€inD- simlcs™(Rin+.71*Cin)) "2
cos(45-1r)*sin(4*(45-1r))-sin(45-1r) i cos(4*(45-1r)) = sra(lr) 4_)( 168)
LRR = -(sin(45-ir)*sin(4*(45-1r))+cos(45-/.r).*cos(4*(45- 1r)))"'959—

- srac( (ij vag-assﬁia(ﬁ&):hétg Lﬁf"%ﬁnﬂZR_ﬁll’ﬂ J%r@ apﬁﬁéiihiatﬁé% b!qﬁiﬂ? ifoP g\ngSSﬁféaké'fBﬁ AES
paper defines an 3 en | has the ran <lr < 22.5, ,as shown in
Figure 6 i nPtmlgARkES 5’59’653*\9@95(0&% _?‘3))-—2 §rla‘(“|q% ... (170) LRR-£l @l n(lr) =
- st ac(iphb total pédrbr fAfn HIPsh¥LEMNCIPIORS: PLOPRRAR SRR X) are defined for
O <Ilr <45 '1h the version 1.11 decoder the followng technique is used to

fid0 t he - 72PTH GBh2 et GBAS Bde@ RESLanSY +Rint ) 1111111111 111 ~hi
SUBSTI TUTE SHEET 9 e ARG VU O discontinuity across
P B N G R P A PR i

t he ¢s=0 boundary. and LRR are both
functiondoej a single variable. To fix the lack of continuity along the
cs=0 boundary we add g ,.function ﬁ‘t&éa copposi te of Lr nd ¢s. The new

vari abl e i s The T#3eR4&dn RO NG Fib PAWEE 16 harelare fassuining eatad
defi ni §;8R20ind Rif~2): S
15 RATIO = (GP*2 + GF*2 + GC~2)*(Lin*2 + Rin"2) + ((GP-GF)"2
+ 2*¥*GC2y*Cin*2 + PREAR)YPREAR
= (((gplcs)—gficsH"2 + 2%geles)*2 +.5%(cos(cs)—sin(es N 2)*Cin 2/
2*(gples)™2 + geles)2 + gfles)*2) + 1) * Linn2
= (Cin"2/Lin”*2)*((gp(cs)-gfles )2 + 2%(geles)2) + .5*(cos(cs)
20 — sin(es)*2) / 2*(gp(es)™2 + getes)?2 + giles)™2) + 1) ...(197)
For normal stereo, GC = 0, GP = 1, and GF = 0. The center to LR power
ratio is then: _
RATIO = (Cin*2/Lin”~2)*0.5 _ ...(198)
If this ratio is to be constant regardless of the value of Cin*2/Lin~2 for the
25  active matrix, which is desirable, then:
((gples)-gfles)2 — 2*geles)M2) + .5*(cos(cs)—sin(es)2)
= (gp(es)2 + geles)*2 + gfles)?2) - .b) ...(199)
Equation (199) can be solved numerically. If we assume the GC value
above, and GP = LFL as before, then FIG. 36 shows the resulting values for GF in

30 the solid curve, sin(cs)*corrl (the previous LFR element) in the dashed curve, and
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5 variable is sufficiently conplicated that I will present it. seudo-c

( MATLABYO 99/8338¢ | r bounded =1r - cs: % find the differente/V ??81(’? " bounded
<0) %%only if it >cs |Ir_bounded = 0; 10 if (45- cs | < Ir_bounded) %
use the snaller of the two values |Ir_bounded = 45-cs; W define a new
function which is equal to the difference between the previous equat| ons
when c¢s=0. This is rear_active_correct(lr_bounded). For 0 <x<45 15
Rear-active-correcté = sra(x)-(1-GSL(x)) (172) LRL =

(sri sixpsdsinae dotite rcurue.t Naedbat &6 (remams: nb@a)to »ere unfdasrygaches B0+ | cs

ks wh |
D 5k appshBRES A, pkcly. SRR Bhaldthe WIS Moy iiBledsh 7 ko Whon |1
was myome@ deprebe tv eeaclothe@alud af dFdoldkee the slashed |anidedthbdtcunves echni que

which_ 1s used for LRR The,versi. n 1. 11, decoder ', s R.c t uses .a
bet t s EBHRPY TP eancgllation 0 tp@\ﬁeﬁ?"s‘b H‘HS'? ’%I cs=0

bpun ifod BRtod diBeringar ARUSGI sk antth Rtk oplhbetd %%&'@m@h& Sllaen,

along the ¢s=0 boundary. 25 choi ce used in
the \adong the boundaries| dthese qurvesalideave am&a@ygrmmoma&tmeorrput ational ly

t t |
e range G SveEtfERh AN B b THBRMLOBIALINL S 111G s, s 5 OV0Y
€ : rintkeakes @Edlxﬁlierd\%o flt_:ﬁntenc r Wasresed ta i &thbelgofileending ﬂmsrtgﬂiaazum; ta)thdtrle
‘val ue of srac(lr e so 0SSi a, di sconti nui
\altﬁong’ fit He?’m()lsaw?g elﬁ@“’é“in“’i’é&‘ %u%tﬂ?esg é“é%‘# ﬁi)‘}/% {'ké‘? h‘l"f‘% #FRR whi CK is
10UNg, Ry elA1BE 50 BORRECds WEIE ak Frdth ri ﬁttoﬂ?ér&exgh@?&né‘ﬂﬁﬁd%‘%l Rhired

SUBSTI TUTE SHEET 11111111111111111111 111  (RULE 26) WD 99/ 12386
PCT/ ydoen £83082.5 degrees is to define a difference function between GF and sin(cs).

We then limit this function in various ways.
In Matlab notation,
gf_diff = sin(cs) — gf(cs);
15 for cs = 0:45;
“if (gf_diff{cs) > sin(cs))
- gf _diff{cs) = sin(cs);
end
_ if (gf_diff{cs) < 0)
20 gf diff(cs) =0
end
end
% find the bounded c/s
_ if (y < 24)
25 bes = y-(x-1);
if (bes<1) % this limits the maximum value
bes = 1,
end
else
30 bes = 47-y-(x-1);

This Sheet Has Been Replaced
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-i's sinpl _bounded) . Th| S term W I I I nsure conti nui T,@ggmggot he
| r =0 axi ?35*—'&%6? we define cs bounded es-bounded = Ir - cgd I f (cs_bounded

<1) %this linmts the maxinumvalue 5 cs_bounded = 0; end if (45-11r I <
cs_bounded) % use the smaller of the two values es-bounded = 45-1r; end

10 for cs 0to 15 LRR = (- (srac(lr) + (srac(lr)-Qlr))*(15-cs)/15)
+sric(cs_ bounded)) tvcorr( I' Ir +1 ¢cs I); fores=15t022.5 LRR =

(-srac(lr) + Sﬁég%f ggo,?gd{@))*tvcorr( l it 1 + cs (); 15 I'n the decoder

according to t* ention LRL is conputed with interpolation,
just as for LRRpedari;c%46;0 to 15 LRL = ((sra(lr) +

(sra(lr)-GS(lr))*(15- cs)/15) + sri(-cs))*tvcorr(l it ~+1 cs 1 ); 20 for
cs = 15 to 22.9d R = (sra(lr) + sri(-cs))*tvcorr(l Ir I + ~c¢s 1); As the
steering goegpfiromlieft rear to full rear the elenents follow the ones
given in the AES 1gaper with the additicon of the corrections for rear

| obidness. Fbe IERelement dan rnowbesweBterRL = (sra(lr) + SI’I(CS) +

compl ot o5 { rothinleat iR e BhIBLTBRIAE! WERESFARURERY) oot h. he val ves
Izlce)1[i :1: '?ihgn:t eh ithg cost) dfecolvse)ds kydiBriagpi ng | eft and right in the

the Centor mat i1 £ ZhorbAbs fertheniasy; wag or PRYGia Boiohra. This Sheet Has
Been Replaced  1#3d(47-x,47-y) = -sin_tbl(y)+gf_diff(bes);
10 else
tmp = (47-y-x)(47-y))*gf_diff(y);
1fr3d(47-x,47-y) = -sin_tbl(y)+tmp;
end
Note that the sign of gf_diff is positive in the equation above. Thus gf diff
15 cancels the value of sin(cs), reducing the value of the element to zero along the
first part of the Ir=0 axis.

FIG. 37 shows the left front right (LFR) matrix element with the correction
for center level along the Ir=0 axis. Note that the value is zero in the middle of
the plane (no steering) and remains zero as ¢s increases to 22.5 degrees along the

20 Ir=0 axis. The value then falls off to match the previous value along the boundary
from left to center and from right to center.

We now consider the panning error in the center output.

FIG. 38 shows the center left (CL) matrix element with the new center
boost function GC(cs). Note the correction for panning along the boundary

25  between left and center.

As it turns out, the new center function (if we write it this way):

CL = .42 - .42*G(r) + GClcs) ...(200)

CR = .42 + GC(cs) ..(201)
works well along the [r=0 axis, but causes a panning error along the boundary

30 between left and center, and between right and center. The values in the July
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99/ 1238WO0P1238608/ 18390 The center matrix el ements in the" /53@2@%0 ver sion
1.11 have major differences fromthe center elenments in the July 1996
patent application. The '89 patent and Dol by Pro-Logic have the fol] ow ng

matri x el ements. For front. steering 5 CL = 1 + .41*Gcs) - Glr) ...(176)

CR =1+ .41*@cs) ...(177) For rear steerin‘g CL=1- G(Ir) ...(178) CR
é179 10 Since the matrix. e enment s a sy out the

Ieft1199 matent gpphipation give agmegthafymetions ofy F 152K e‘2‘% be found by

fn\gpggﬁgdg%ﬁ\ﬂ ga’fﬁ?frg%gg? gﬁwﬁlﬂf Beﬁ%@r‘?[ef%%ﬁﬁ cfegtér ”Wé wogli et of

Logit decoder plotted 1 n three dinensions.
Thi s ot mevi ceniee fgmphnd;b hame sigeihare belRight alhtmg thisdioamslaeryi f we swap | eft

and right .,The _m ddl f t d, th 1) ' h
the val ue 1 C#RTR ﬁf%?"%ﬁt]‘?%’gtﬂggét‘ﬂ%t \a}gﬂ? W?’&f %’n (Leﬁlgcg%{h g Ve
&g emMpdding aﬁcﬁddidmix@.l FRRcHi®X bftindal (e M@tl@h(hot:htﬁomhe JuI y 1996 pat ent

application these elenents are replaced by sines and cosines: For front
szieg( ng) z'entir XGH§(ﬂ581iF9I’r§rH(2 *(45-1r))-sin(45-1r) *cos(2*(45-1.1)) +
*cs = GC ter_fix_tabl |
si n(45- 1r)CL si n(2* (249311?.3 +C0(gs)4-iéclerr1 erco}scfza*b(?% 1r)§ .41*@cs) ...(181)
These equﬁRmsﬁlZN@r@CmS\)efCentpr_dimﬂab (xymhenlver si on 1. 11 i npl ement ati on

FIG. 39 shows the levels of the center output aqd the left output as a signal
10  pans from center to left. Noﬁe that with the correction the panning of the center,
while not perfect, is reasonably close to the inverse of the left output. (The values

on the cs axis are inverted). |

We now consider a new five channel encoder (termed “Logic 7") which is
designed to operate correct.ly% with the decoder specified by the equations and

15  algorithms given above. .

There are two major g:_oals for this encoder. Firstly, it should be able to
encode a 5.1 channel tape in a way that allows the encoded version to be decoded
by a Logic 7 decoder according to the present inventio;n.with minimal inaccuracy.
Secondly, the encoded outpu_t should be stereo compatible — that is, it should

20 sound as close as possible to a manual two-channel mix of the same material. One
factor in this stereo compatibility should be that the output of the encoder, when
played on a standard stereo system, should give identi.cal perceived loudness for
each sound source in an original five-channel mix. Thé apparent position of the
sound source in stereo should also be as close as possible to the apparent position

25 in the five channel original.

In discussions with the Institute for Broadcast Technique (IRT) in Munich it
became apparent that the géal of stereo compatibility of the stereo signal as
described above cannot be met by a single adjustment of the encoder. A five
channel recording where all channels have equal foreground importance must be

30 encoded as described above. This encoding requires that surround channels be
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.25 is based on e steering in the:- 1989 atent but with a

scaling,’ vﬁ%&”ﬁ“@?fferent fgnctlon of :cs. DVE found that it &ggh%nportant to
reduce the unsteered |evel of the center ‘output, and a val ue 4.5dB | ess
than the Pro-Logic | evel was chosen. The boost function (:41' 1 G cs))-was
changed to increase the value of the matrix elenents back to the Pro-Logic
value as cs increases toward center. The 30 boost function in the version

1. 11 decoder cho en r l.atively arbitrarily. .n version 1.11 the new
boost FHFE |1B¥P\Iagt?e 8? & eng I SYRLy 3 Ay %@t-}{h & EDYTRS ISSREEETERY Been

Repl aceglat $YBHH Fdﬁﬁeﬁb%? af ithb Bugut bf thé bn&dderl dHduld blelfHel 3dshbl1 WO
99/ 12386 PC'I’/ US9$/ 18390 ri ses Wth cs in such a way as. CL _and CR i ncrease

4. 5dB vegarelesscel Whigh pwt isobeing dyriveryr ddus tqs(rhmarlg.%ﬂl melnde prostfibpase
T
then oRORRY et BXfaxilel Hinel sof 6l Wher® o PRRRARE HefherBoor, BEHAT (b2l

ri $¢ afieelioundsdpdikarsd AlkhoughlstichanssiEndourtes aré noheonirhen sttetbrel prrgsent " hal f
front" (8dB,ar 23 .de es) the n ments are equal, t he ut r al
Vil ues HERE S G IRKERTCE LoLIRinE haREh e uL DEPie, CHBMO b ch b, cBut
forwar dyudib Q-ee&\ﬂlﬁgsi wWHEeOlhd foRé Bg-:}d&rﬂ ﬁﬁeﬂiﬁeﬁe&% estied in ﬂi{beﬁ%wt&hi'e@f

the center channel is thus 4.5d ess than the old output Wwhen_steering in
neut r achappels; vsigh prémardy greyetharationhanthaeean ehannrgs, require ¢ differamt ¢ he
center ., E the Center Left matrix elenent in the Logic 7 decoder
versi ofi™ &ii?gs%o?m?ﬁa relative to the plot of FIG 33, the mddle val ue
antd t he ri ghfitermadserass ofviests abshadRA and relseduaed ibhwad. detBrmised shat

' th t to th | ue, 1.41 i I Jh
ol ut | SR FeEHEnER OL IhTE BPY Wope ALRBHRl ehidein, BHRERY CorapRBP T abl o

experi ga&A wheh thees He6@Ae chahnkIklers tnikad WwiBVEUR |1é\és bb®ef ¢RhRMtheRhel ON
of popul ar nusic recordlngs and the dialog in sone filns can tend to get

| ost wlffbnnyl@ls shhie 3R dowelrhag beew adopied- s anandare for surramd epepding
repr OdHﬁtE&fb e a%?{égét%ﬁdﬁ?& sp¥ciflel 348 IothAN sufdulliCletel¥ &in HRANM for

changes in
15  special purposes. As we will see later, the new encoder contains active circuits

which detect strong signals in the surround channels. When such signals are
occasionally present, the encoder uses full surround level. If the surround inputs
are continually -6dB or less compared to the front channels, the surround gain is
gradually lowered 3dB to correspond to the European standard.

20 | During tests with the IRT in Munich it was found that a particular tape
was encoded incorrectly by the encoder described in the AES paper (preprint No.
4402). A new architecture was developed to solve the problem with this tape.
Although the encoding of this particular tape was only marginally improved, the
new encoder is superior in its performance on a wide variety of difficult material.

25  The original encoder was developed first as a paséive encoder, and it performed
reasonably well with a variety of input signals. The new encoder will also work in
a passive mode, but is primarily intended to work as an active encoder (i.e. one in
which the encoding depends on the types of signal presented to its inputs.) The
active circuitry corrects several small errors inherent in the design. However,

30 even without the active correction, the performance is better than that of the
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20 who is not equidistant fromthe front speakers can notice the apparent
posi ti oWOs®/12W6cent er voi ce nmoving. This probl em was ext Eﬁ?W%?’W%fﬁal yzed
in developing the new matrix presented here. As we will see later, there
is also a problemwhen a signal pans fromleft to center or from-ri_ght to
center along the boundary. The value above gives too | ow an output from
the center speaker when the pan is half- 25 way between. W now consi der
the center channel in the new design. The center channel output nust be
der i vieviously deecribedénBoderput s to the decoder. Wile it is possible to

renove eithgr_th

e oL By aerbift bR S0ral R BEMIENS AR AR GHbBY i)

ri ghtdistdvereéntManghbatalot mlisef timse qﬂ‘ubbmm hasel beeh adlh'eéseahm Ehée nput s
factor, ei,ther, a boost ,or a d i,t,,be? -76-

th
T & rodet R e Hley AL tTed iamaly hrs ppplieg 0 hoth e ok an IR 5 ier
(RUL Ere%g)]}[llﬁgf% of s %ﬁc&’&é&/ 4508 3828%HmED %@@éﬁ"tﬁtuigoeﬂdyd%r Quepht e bidsednds

on the r of the left and right main outputs. matri x val ue

pres ewoef‘arapdsh@ front._ Theapei Lemoé@recmpe@‘aﬁes f%thlérﬁﬁ’ﬁst yencEeAng
corrponent p t | Ve can show
t hat {qart gitﬂ Si %ﬁ% g%eigars]vee%co ﬁ{ta»?l\%% wﬁ{lﬁfs%ﬂgg&n%d kind of cross
m Xersulﬁtahtlai; sareduard comiiet htheretis @l nett t@rmamil baae vémiehtean tendetp above

t he 1989 el t f U S, tent No. 4,862, 502,, J | 1996 i
gppl i qcs?ﬁ%”%ge?\{ gowﬁﬁé’f\fié%é’ggﬂ thecener 8’3%?“%“ ¢ Qﬁd H?ggme*‘?\’%nes
apcor diffith tWhehedRiles ehtelligibehity NIf PartarseumN ﬁhpbxytaheét Tt 260 gifcogenal

separatlon The version 1.11 elenents (with the Level boqQst when cs is
appr ommaem@tegiosyhlﬁoeﬁqe@do}f é%lﬁmgeth%er&@r sharnek mpptia m&@&er i f

the [ HO4 sts of uncorrelated left and ri ght channel S
Ql gﬁﬂ%qﬁ]&gl ‘glt%gg%ggﬁt er channel has been added: A = Lin + .71-*Cin
( 182) Bhe 2w encodéf Ghown i bk sldﬁxentaé:m ﬁmm e H16y 40, dandles ther eases
r eI at i (Ee%tlézl' A % chartnr{eels 1deg%gﬁ3? % tﬁe prevmus design, and identically to
15  the Dolby encoder, providing that the center attenuaf,;on function fen in attenuator
302 is equal to 0.71 or -3dB. '

In accordance with the previous designs of encpder shown in FIGs 10 and

11, the left (L), center © and right (R) signals are présented to input terminals 50,
52, and 54 of the encodeI" circuitry, respectively.’ ThQ'Léft side (LS) and right side
20 (RS) signals are presented to the input terminals 62 and 64 respectively. An
additional signal LFE (for low frequency effects in a § + 1 mix) is applied to a new
input terminal 370. The C and LFE signals pass through attenuator/gain |
elements 372, 374, respectively, where C is amplified by the factor fen and LFE by
a factor of 2.0. These signals are each applied to both the summing circuits 278
25 and 282. The L signal is applied directly to summingr circuit 278 and the R signal
is similarly applied to sdmming circuit 282. The sur.;'*oq.nd signals are also applied
to these summing circuits, but only after some man_ipulation, which appears to be
more complex than i1t reé'lly is. In the surround chaﬁnel attenuators 376, 378,
380, and 382, the functi_o_ns fe() and fs() direct the su_i__ro_und channels either to a
30 path (through phase shift elements 284 and 246) with a 90 degree phase shift

Sheet Has Been Replaced

TN

SUBSTITUTE SHEET (RULE 26)



.L and R tputs of the decoder i's not corrpl etely eI| ess
Gnis W%%Blzgorrpared to Lin and an In general there is a brt 8%’%

left inthe L and R front outputs. \What does a |istener hear? There are
two ways of cal culating what a |istener hears. If a listener is 20 "‘exactly
equidistant fromthe Left, Ri ght, and Center speakers they will hear the
sum of the sound pressures fromeach speaker. This is equivalent to summ ng

the threg fro 0, ydes t.hese con eas S

oy r b o HhBY cBanERSrSR dRoBERY Hineely bho,Res? ShitSelRAR Y |
resul t288) ar Beta paswath nacmmlraé phass ehift ort {ie: bLsit Vnc6deRFBeSone and
regardless of the anplitude of the 25 center speaker. This i s because the

cent er/ScaEer 5§ .tgﬁh the ackivapath igdbrough theH0 degree phage shiftexs anthus,

t L n
o1 ot DO, Smel DaBSE LbtRgngod U bIEKARY b4 Uikertlarkt 806, What8it b |
thé |i mtﬂmpﬂleidsbylaro Sduiadiat zhhen fpasaesam bhe pddke 406t deldrest emenixied withch

| j.kely to he h's h
30 equits et el TS et e ptanaRarraod FRE HatoRbroth pee ThR
fact, %hﬁzﬁéf Y& is thpiddlly 0w el EasrBRetheRRRloase bf fiviel drbbd fee'El fddTE
SHEET FE1irr (RULE 26) 1ELLTTL T WO 99/12386 PCT/ US98/ 18390 |istening
has sheagh saround channeheToamignak themmpagses throyeh a AR degzex phase shifter
t ual ansikder f
a1 ThEBaoR arad MPRY meRd iR FHEA SRR B ot R SRR b RIS
ratd o QBGtﬁmetlasrﬂddemdandqfasBem fo Bhe outﬁuamlﬁnala&cbap ithe €AY exiigmdile nAs in
pouer | SR EREVISUR SUEGTONBE RGPS it SBh B PBE SR/ g PEROPRdHRRrels.

propor the hadt Betpdys ht @8rihindlk st aHadi@eviectively hhee haf imphigudé ahtio
outputs, and its reducéﬁugn in the rear outpyts. An additional conplication

i s t haof +3¥-9 brvhighoresulis iy asteerdng snede ghde & Hegressdo thsoraaTdescr i bed
above. Thi s mid RS signal applied to terminal 64 similarly passes through attenuator

r.rD

15 382 with unity gain to the inverting element 400, and then through an attenuator
402 with a gain of 0.91, as for the LS channel. This signal is then added to —erx
times the unmodified RS signal in adder 408. As for the LS channel, the signal
passes through a 90 degree phase shifter element 246 and thence to an adder
element 280. The R, C and LFE signals after combination in summing circuit

20 282 pass through a phase shift element 288 into the adder 280, where they mix
with the phase-shifted RS and cross-fed LS signals to provide the “B” output
signal at terminal 46.

As usual, for each of the output signals at terminals 44 and 46, the output
level is unity, as the sum of the squares of 0.38 and ‘0.91 is one.

25 While the output of the encoder is simple when only one channel is driven,
it becomes problematic when both surround inputs are driven at the same time. If
we drive the LS and RS inputs with the same signal, a common practice in film,
all the signals at the summing nodes are. in phase, so the total level in the output
is .38 + .91, or 1.29. This output is too strong by the factor of 1.29, or 2.2dB.

30  Active circuitry (not shown, but similar to the active circuitry in the decoder) is

e
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10 cause the center to need to be somewhat |ouder to kee /Q
const arlWOI¥E238¢an wite this requirement as a set of eqtfg(ﬁt %95811?:?'9 t he

sound power. These equations can be solved for the gain function we need
for the center speaker. W previously gave graphs show ng the enerqgy.
relations for a Dol by Pro- Logi c decoder under various conditions. The
Pro-Logi c decoder is not optimal. We 15 can do the sanme for our new

decoder. In FIG 35, the solid curve shows the center attenuati.on needed
for Iméudedmethe ensaderte redugeethengaip by the Re2dR fago é’@h% sifgaieR i nput
si gn s Al ey LL oL 1if3dS hAA"4rddn
incrgﬁ g iowar ntp{]hee ﬁ%%ﬁn‘ ab%tte%j aggrségﬂgﬁgi\?vs%% é center values for a
stanﬂhade.decoder 20 As can be seen in the solid curve, the needed rise in

the | evel he center _ch t B of
anpl i t\tjde 8B CHYOL LR Y xg{]negf%gwg¥H}F°u§{£ﬂ§’utﬁang J‘i“ﬁﬁé*r%gfs‘g?iﬂ e&jl so
a.aJhd' lahle of'i)f}ﬁrséczlhcﬂns RAhse), thel iltwmagienhhgmnrﬁb’airs \stibted cbse thé omup}mmebr
channel information in.a po r. recording is, we eser if one is
st and$ )l cl 98¢ oF P3- h?h&%ﬁp plllé’%elaﬂ%‘i"d@t?é g&aﬂ@ﬁ %ﬁ%ﬁ?@& S’fgﬁla;*sé"’ 8vel can be
a””%g&@ﬁlcfweﬁlemg S:r%(ﬂelsl QHARES THY plefotCEh @Fdes fgﬁaaﬁbed aneidiesied Ve

testée S curve an ound t he center bal ance to be excellent, but the
f r ontsigrsalmnidext ti‘mevmadd@mmaﬁbv—hw rensonabieerlt o mes peasenablathat of t - r | ght

ara t tt t
ot L o WP e oA A O TSP el o
Ve%lB%%l thuﬁnﬂcdﬁ?clr&‘\hm'y (Iflot shifwn) lamiesinnilAﬂ d thzkﬂ uﬁtimeded:duharBeen Re p

[ 11 SU TUTE SHEET (RULE .26) WD 99/ 12386 PCT/ US98/.18 di ff t
el enéﬁ?%eﬂSSﬁéEPf"BE‘é?l(O? F R0 Feat hanp e aep auatasdn 165 ehBEE o' [ he' ©"

cent tg@@%‘e'ﬁ'hefﬁgﬁlttdﬁtﬂ:ﬁﬁg bdiH thiedlehl f)éﬂﬂhﬁ';}lié%ﬁﬁgsd-sﬁﬁwﬂ path fat s

show t version 1.11 decoder elenents are essly rfg}gre sive

abouttheema\rloi@mieés teatd degnep drhase. diffesrnae; W%W%@Jﬁw A5t hat
they sh(g#é l%]%%xsr% rgﬁfnt? "Nl Qﬁsfe% Y §tbrddl! OEHIE 'B%ﬁ’l P&r@ﬁ \effect 0 center

Iouds fenove t I S energ romthe left and
atbght frorin disgeakiens atahe TRIE is ddnoiche ll’dWlds Imtﬁd |that theme 1sra Huropean

achi es\%gn ar& lsﬁg&eurptf eheoder. This encoder simply attenunates the two surround

channels by 3dB, and adds them into the front channels. Thus the left rear
channel is attenuated 3dB and added into the left front channel. This encoder has
many disadvantages when encoding multichannel film sound, or recordings which
20 have specific instruments assigned to the surround channels. Both the loudness
and direction of these instruments will be incorrectly encoded. However, this
encoder works rather well with classical music, where the two surround channels
are primarily reverberation. The 3dB attenuation wa_{s carefully chosen through
listening tests to produce a stereo compatible encoding. It was decided that the
925 new encoder of the present invention should also incorporate this 3dB attenuation
when classical music was being encoded, and that one could detect this condition
through monitoring the r'elative levels of the front an_d surround channels in the
encoder. _
A major function, therefore, of the function fc in the surround channels is to

30 reduce the level of the surround channels in the output mix by 3dB when the

-
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the centgyoReyRgsi N the left and ri ght speakers and the CeggAisoR¥$E 1 N
the center speaker. 10 We create the optiml systemby first choosing a

gentler function for the increase of level-in the center output as cs
increases along-the Ir=0 axis. W can then solve for the decrease in t.evel
needed in the left and right front outputs to keep the power of the Cn
conponent in the soundfield in the roomconstant. Let us assume that the

t 4 . i.
((:Srelneglrnger S 15 ecol%%%?ghﬁ;ﬁgo% the ﬂgngghgﬁgfgﬁs E&fcenu 111%{51' thnis
i s a fteabin the Aec¢aderris pfavaded $6 eempag‘e tﬁb fron¥and redftevedls) ax)xd wl;ii?i the

184 Ear rear .steeri -
4 q F%%)r ICSRle(Si F3dBthe v e of f’%%se e o4 SRFETS A 0B e THseg f or
ac( cs) mabienemes dB \EhedeAtivn i reRdid whln the RIFRH¥ndIe 22 BIB Tss! dtrong
de rees and was obtained by sone_trial and error. 25 In MATLAB not atlon

er than the fxont channels. /Bhis activaseircaidranneans ke work wellenltonakes dhe=

50, o pRG A Bt Y iR i BCBN AERLASEr bk il ghbbe '(cs
< 12) dtqwewer) instrapici(a(whicheateeintented (t8Me) strong in the rear channels are
encoded with full level.

There is another function of the real coefficient mixing path fs for the

. 10 - surround channels. Note that this path, through attenuators 378 and 380 also
passes through cross-feed elements 384 and 386 to adders 392 and 394 in the
opposite channels, with 0.91 attenuator elements 388 and 390 in the main signal
paths, before being applied to the summing circuits 278 and 282. When a sound -
is moving from the left front input toward the left rear input, active circuitry (not

15  shown) compares the levels in these inputs and detects that these signals are

_ similar in amplitude and in phase, and under these conditions, fc is reduced to
zero while f5 is increased to one. This change to real coefficients in the encoding
results in a more precise encoding of this type of pan. In practice, this function is

~ probably not essential, but it seems to be an elegant refinement.

20 In summary, then, the active circuits comprise elements for comparing the
level and phase between the front and rear channels on each side, and for
comparing the relative energy in the front and rear channels. These circuits are
easily implemented in the form of log-ratio detectors and are well known to those
skilled in the art. Dependent upon the outputs from these detectors, these active

25  circuits

1. Reduce the level of the surround channels by 2.2dB When the signals are
in phase;
2. Increase the real coefficient mixing path for the rear channels

sufficiently to create an unsteered condition when the two rear channels are out of
30 phase;
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. tnmp = gc(cs+1); elseif (cs < 30) 5 gc(cs+l) =

t mp* 10AYV é@ﬂ¥§?*center_rate3/(20)) if (gc(cs+l) > centB?Tﬁﬁﬁy“ﬁ%Wcs+l) =
center-max; end else 10 gc(cs+l) = center-max' 10
((cs-29)*center_rate2/(20)); if (gc(cs+l) > -center_nmax2) gc(cs+l) =
center _inax2; end end 15 This function is plotted in FIG 36 as the solid
curve. We can solve for the needed function for LFR if we assune functions
for LFL, LRL, and LRR. W want to solve for the rate that the Cn

conponent 3i nDeprease dhe lavel of die swwopnd shenselsibyiagr ta3dB when then desi gn
mat r These matrix el ements
shou%ﬁm%%%%hmsgg %ﬁf@@%ﬁoﬁ%gﬂ%ﬁé@ﬁn conponents, and shoul d
have t he durhemreasd e latel tamed neﬁﬁvd phasnofthdoesmdelignnels wisdn theirt he

righ en assy hat: LFL = GP(cs) ...(188) LFR =
GF(ci‘?"e?l @g‘frt{?éﬁéifrrxntga“n Ir) + G(cs) ...(190) CR = .42 +
@(cs) . 5(119ﬂa)ke E[fees@ﬁwhdfd}mﬂﬂemwmréaﬂfﬁoeﬁihci!eﬁﬁs%heﬁ%é&ﬁ&& is given
by: PLR = (GPA2+GFA2) * (Li n*2+Ri n"2) + (GP-GR)A2*A nh2 ... 30 Power

f  omSPWECeckSpanningfREy afsont. B@ﬂ'ﬂﬁlf@emsn%ﬁhl%émlﬁced 111111 N
111

1T TiAdditional improvements to the encoder are likely to include a feature for

the front channels such that when the two front channels are out of phase the
encoder will not cause the decoder to place the sound in the rear, as at present,
10  but will detect this condition and make the encoded output appear to be unsteered
(i.e. a quadrature phase shift between the A and B chennels will result.)
While the preferred embodiments of the inventien have been described and
illustrated herein, many other possible embodiments exist, and these and other

modifications and variations will be apparent to those skilled in the art, without
15 departing from the spirit of the invention.

-
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| ~1~I B%é UTE SHEET (RULE 26) .WD 99112386 PCT/ US985pL839s/1
GCr2* (L m@ -5}5%) + 2*@ECr2*Cinh2 . (193) Power from the rear spegﬁers

depends on the matrix el enents we use. Ve will assunme that the rear _
channel s are attenuated by 3dB during forward steering, and that LRL t.s
cos(cs) and LRRis sin(cs). Froma si ngl e speaker, then, 5 PREAR =
(.71*(cos(cs)*(Lin+.71*.Cin) - sin(cs)*(R n+. 71*Ci n)))’\2 .. (194) If we

i N f t ers,
BrEAR = v & not CRERElY Sodh RRRAGH TRt ) Siir ot TR Blgdit ¢ ¢ om
al 12 spamldw npat E’Igﬁia}s H&ludﬁ@éﬁechbuaﬂy elofdd anld3ron-dirddtivhat
(€ 8) ) Lin"2 + Ri % %C@ #AZ + 2* %@*O n*2 + PREAR (196) The
r at Pméoﬁlemto[ lyppalifyofg rmpéu%%&hi‘w}équal Li n"2
andg Rl Mods e&e%@hﬁ'ouﬂdl%hétéﬁﬁ% ai"e@caﬁ)i*%n %&%ﬁn@ Boah or§ (GP-GF) "2
+ 22 G2 * G N2 + PREAR) /P p(cs HEGetce) A2 +. 5
(c&(tﬁﬁt@mwgg)ﬁ@)dme@tamal @Il(tgpto pail fga(ldsr)gﬁt augfu s:gh’al?s andl) *

) A
si i co sy s thieto SPISRL ek tsptedsh liiignd clpig At tRundio, mi
st €f eostmlngmgﬂ théd deaoderGorapfisinhie center to LR power ratio is then:
S o Dk bt oo TS A o R e 1
. A *

der | sk ety bisBiaid SRS e () 7)o (eosier) Sin(c9))
goi(ged nunerd pRmality|af mg.?taglgemmetaﬂp@ agualdbuavice the number of said plurality

11  of output channels, organized in pairs, a first element of each said pair receiving

12 said delayed left audio signal and a second element receiving said delayed right

13 audio signal, each of said multiplier means multiplying its input audio signal by a

14  variable matrix coefficient to provide an output signal;

15 said variable matrix coefficient being controlled by one or both of said

16  steering signals; and

17 a plurality of summing means one for each of said plurality of output

18  channels each said summing means receiving the output signals of a pair of said

19 multiplier means and producing at its output one of said plurality of output

20 signals,

21 the decoder having said variable matrix values so constructed as to reduce

22  directionally encoded audio components in outputs which are not directly involved

23  in reproducing them in the intended direction; enhance directionally encoded

24 audio components in the outputs which are directly involved in reproducing them

25 in the intended direction so as to maintain constant total power for such signals;

26  while preserving high separation between the left and right channel components of

27  non-directional signals regardless of the said steering signals; and maintaining the

28 loudness defined as the total audio power level of non-directional signals

29  effectively constant whether or not directionally encoded signals are present and

30 regardless of their intended direction if present. '
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above, and GP = LFL as before, the resul ting val ues
GF in JWOONE38G|id curve, sin(cs)*corrl (the previous LAECHEVEREAY in
dashed curve, and -81- This Sh S phced 11111 ~111. ~~I111
SUBSTI TUTE SHEET RULE 26) ~ ) | | US98/ 18390 sin(cs).in the
dotted curve. Note that GF remi | o until cs reaches 30
degrees, and then increases sharply. 'In practice we arbitrarily increase GF

beyond 30 degrees to reach the value of 0.71 |ike the dashed and dotted
curves. This causes conplete cancellation of the center channel in the

left d mhah ' . . EN6Lg . st - . ' |
FIEER T AR e T PR
12 gabtiginally encodet fom five diaryielesnthbvslchpanels i whidReimsaidk el ement

ong,the.lr=0 gxis,.as,cs ncreasgs fromzero fa center. .\\e need rrethbd
% Pty ErEbutmdial Ts SvBrich Gt gt 168 gt SehE R Ehe et Siel ot
he PLes PersdediRdofivd BubmsighilslRhieh WPe Repr@duced byCoablificationild as from
right to center. A nethod of daing this _when cs < 22.5 degrees is to
def i applicatipnafdhesaid five ampbiiedcarpat signals ito dive)loudgpeakats anrapged i s
fanct] | | Otk . In Matlab notation, gf diff = sin(cs) - gf(cs);
qS :tg%ﬁgfs&l:ﬁ/(g%gllﬁﬁ %gf diff(cs) > sin(cs)) gof diff(cs) = sin(cs); end
if (gf diff(cs) <0) 20 gf diff(cs) = 0; end end %find the bounded c/s
1 3. The decoder of claim 2 wherein said loudspeakers are positioned at

locations to the left front, center froht, right front, left rear and right rear of the

2
3  listening position, said output signals being typically named according to their
4

intended directional locations relative to the listener’s position.

4, The decoder of claim 3 wherein a sixth audio output signal of reduced
bandwidth, intended for low frequency sound effects, is provided in addition to the
3 five output signals enumerated. '

DO

1 5. The decoder of claims 1 thru 4 wherein said left and right audio input

signals are decoded into said plurality of output signals by means of analog

W

circuitry.

6. The decoder of claims 1 thru 4 wherein said left and right audio input
signals are decoded into said plurality of output signals by means of digital signal
processing circuitry, after first converting said input signals into digital form, and
finally converting said output signals back into analog form suitable for

;M b W N

reproduction on a like plurality of loudspeakers surrounding the listener.

7. The decoder of claim 3 wherein the said variable matrix coefficients
determining the level of the rear output signal sis maintained at a 3dB lower level

when the said left-right steering signal is of small magnitude and rises to the full

AW b R

_mag'.rﬁtude when this signal reaches a magnitude equivalent to a steering angle of
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if (y < S = y-(x-1); ihis 6RG %t hi s I|mtstheﬂ%ﬂ',$pgm,33glue
bcs = 2&63352%3& 30 bcs = i a& & q flbet Has Been epl aced - 82-
IIIIIIIIIIIIIIIIIIIIIII'II SUBSﬂ WHU ULE 26) WD 99/ 12386

PCT/ US98/ 18390 if (bcs <1) % %16; - end end 5 The LFR-

el ement can now be witten: %this neat trick does an interpol ation to the
boundary %the cost, of course, -is a dividel!!l if (y < 23) %this is the

S, 2 el of Dt B0, AR i bl i
- S |&_t Rligaydlt i modedofNperativatintbrded g efleabioh dund r@pﬁdductfbﬂ RhéFsby

equati on apove.. Thus agf . dif 15 cance t he val ue of sin(cs) reduci ng the
vgl Le Froyiiing|lesg warigtionplothe wé] ﬁ% el jof rtgﬁ 16aF Cusputheelative tgthe frpnt;

t@taes aldn M&Pﬁg b&%trs GhRk Rk { redfifinkN18 SO %1{,9&{1 for
center e t

al ong the I'r=0 axi s. Notethat t evaTuels zero I n ddl e
of 9t heansd amo@h@sm@mdgsomrdjeﬁ‘ecNL ns zero as es increases to 22.5
degrees along the 20 I r=0 axis. The value then falls off to natch the
previ ous val ue al ong the boundary fromleft to center and fromright to

cenyer. 8. The decoder of claim 3 wherein the absolute value of one of the said

2  steering signals is limited when the other of said steering signals is rapidly

3 changing, thereby providing improved responsiveness to dynamic effects.

9. ‘The decoder of claim 3 wherein in each front quadrant the coefficients
calculated for the left and right components of the input signal are made such that
the sum of the squares of these elements is equal to one when the center-surround
steering signal is close to zero, so as to reduce unwanted variations of the total

power delivered to the loudspeakers as a result of steering.

oo W N

(=

10.  The decoder of claim 3 wherein a center boost function is provided
such as to result in minimal apparent motion of central sound sources in the front

while retaining maximum left-right separation of unsteered sounds.

w

11.  The decoder of claim 3 wherein a new center front matrix coefficient
is made dependent on the said center-surround steering signal in such manner
that up to an effective angle of 30 degrees toward the front the center channel
output rises to a value of 3dB lower than a standard type of decoder, then rises
more rapidly to reach the same maximum level used in the standard type of
decoder at full front steering, additionally cutting the level of the center
component of the signal in the left and right front channels so as to preserve in
the sum of the powers from each output of the decoder the ratio of the power of
the center input signal to the total power of all other input signals into the
encoder from which the said left and right audio input signals to said decoder

were derived: thereby preserving in the outputs of the decoder the same balance

W 0 I & Ut b W N =

Pt e
= O
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W now consider the panning error in the center output. FIG 38 shows the
center WePPIPBE) matrix el enentThifiShast HayBean@®eploent er  boo®¢ TP ¥n' (cs).

Not e the correction for panning dary 25 between |eft and
on (if we wite it this way):

center. As it turns out, the ne
CL = .42 - . 42*QIr) + G&C(¢cs) ...(2 - .42 + &C(cs) ...(201) works

well along the 1r=0 axis, but causes a panning error along the boundary 30

between | eft and cenpter, and between right and center. The values in the
1241 ybetveeen qepter gndbethersigaals awwrs qeasent hefore the signals were|encoded, |

UBS, % ]ﬁt ke ) 6 . _
1g’ppl ;%g% gl v-é:vg m)o???@gc%%%%éﬁgggéﬁgﬁﬁﬁg%&#%gﬁ?Sﬁ@{ﬁg%sundary,
hi coriginedlyemiged fothtwarchangebplayback! ef t and center. W would |ike our
new center function to have. simlar. behavior along this boundary. W can
make a correction to the matrix elenment which will do the job by 5 adding
qn8additisfa.al) Mngéﬁ@ﬁgﬁtod@trﬁz'mé%al{m)a fb@%ié(@&ﬂiﬂgtfa&é a?ann?lsfbtf‘?ﬁlbl}‘i ? t bl -
=.8*(corrl-1); CL = . - 427 r) + .cs) + center_fix table(xymn
2 4 andmﬂ%syu%%%ﬁ%ﬁwq PRtRulrhangels, said ﬁ%\@ immtghspnelfhbemg el s of the
nt ; ; ' l; to left.
%t e‘?{:ﬂﬁ%ﬁ@fy Pe?ﬂﬁto?ﬁ, t&itler FOMRY hﬁ%niﬁ?ﬁnﬂéqgg reat %r%ﬁoﬁﬁ@,\’;%t‘lﬂf gi%'g:t

at W th the correction the p _ the center,
der f vear, ox surmsasch abidysaidcsypub channels\eomgprising keft deft and right of Bhe val ues

t CS_iaXi e inv .. \\ now consider a new five channel encoder
gerﬁﬁﬁnnilgd'iegp t?"%’l g{hﬁ%)ﬂ%%\g gned to operate correctly' with the
@é:coder sﬁesﬁ,fsieecﬁx@y?ﬁht, foquth hﬁdsﬁf&hdnpﬂlﬁti@ﬂrgﬁrdlé h‘ﬁﬁssiﬂgvl%ft ﬁ?lﬁv,e. “There g

e two j or goals.for this encoder. Firstly, it shou e able t encode
Ts eeRicE AL, frﬁntale?b_%mﬁ&p aPPéW@%%“‘EBBBééE}%P&%? Bﬁﬁﬁeﬁnﬂéﬁﬁecoded
y a Logi gn7aierQeehr GFEAE doRfedted tD%abd 8860Hd {nPiRdrRinKl for ™ ni mal

| naccuracy. X )
9 attenuating said center front signal by a factor fen;

10 first and second summing circuits, said first summing circuit receiving the
11 attenuated center front signal from said attenuator circuit and the left front input
12  from said first input terminal directly, and said second summing circuit also

13  receiving said attenuated center front signal and the right front signal from said
14  third input terminal directly;

15 first functional attenuator with attenuation function fe(l, Is) for attenuating
16  said left surround signal received from said fourth input terminal;

17 second functional attenuator with attenuation function fe(r, rs) for

18 attenuating said right surround signal received from said fifth input terminal;

19 third functional attenuator with attenuation function fs(l,ls) for attenuating
20 said left surround signal received from said fourth input terminal;

21 fourth functional attenuator with attenunation function fs(r,rs) for

22  attenuating said right surround signal received from said fifth input terminal;

23 first, second, third and fourth cross-feed attenuators having an attenuation
24  factor -crx each receiving the output signal from said first, second, third and

25 fourth functional attenuators, respectively; |

26 first, second, third and fourth fixed attenuators having an attenuation

27 factor of 0.91 each receiving the output signal from said first, second, third and
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Secondl| deblggn goded out put 'shoul d be ster eo corrpatl bI e - plciAlsokAgsobt

shoul d 20" sound as cl ose as possi bl &hisgh *channel m x of the
sane material. One factor in this’ st lity should be that the
out put of the encoder, when played o tereo system should

gi ve identical perceived |oudness for each sound source in an original
five channel m x. The apparent position of .the sound source in stereo

{ he ‘apparent position 25 in the
ﬁcﬁ#%ﬂ f%%claél %g%%gﬁn%&g{;%%?g#%%ivﬂh h the Institute for Broadcast
Tashm qg e (S, fse&oﬂﬂnthali}dlatnd ﬂﬁmtﬁégﬁreﬁﬁh geg@t‘%ﬁgw ¢hg oalkpet Ei‘g&ﬂl@@xl;om
ati of th ereo .S escri bed above cannot be pet by a
|esekﬂ Bt Seon, HE SRACIED Serl AL LRHBIRSI ToSPECHI o R ddiang t0
chgnnekgetoMts SRS scri bed
arl?ca)ive ﬂ?’%l S engg%\tgilr egﬁﬁgggtsﬁg%ég;ﬁrﬂg;ﬁ% channe%ﬁdbe -gfhs%?\f;eggsheet Has
Be¥h Raptmws;,msmqmmlwn u llrrrrr - SuBSTI TUTE SHEET ( RULE 26) V\D
2386 P 1 0 e nto the uI of he C n -a vvay
tﬁéﬁ1 t he egg g?%%g %?c ?gr%%s shifter i cmfsnh Y& p&wg ﬁtdi%t"‘r‘ft’
t I8 enceckbrisd thié dubputmfeaadeﬁrstragias«suoesiswﬂeme@bemwy Is bei ng dri ven
Thj techni e ARy i‘&%l | m sources and 5-ch MusSi C sQurces
i nstr Haﬁ? B ase Shiftercrguits haging \?eplll%ﬁﬂj% ‘hﬁ‘é‘#"stmfAl t®ough
susél ”%bﬁvﬁ%‘%ﬁ@% %ﬁté“@ltséiﬁrm‘%@ d 5&8%n Hrﬁﬁﬁ%nﬁlélﬂan%éu %‘%élﬁch% ly, said.

i nventor's pIrnion that they w | econe common | nusi c
r e2or difirgs amd@@onﬁesumneggmtmelspmmngrtbe pMputs phsaidethfird mnd hr ee

G T or St ABaBI MR 0 P Eh iRl thel it e TR RERS e Bt Erdhty
eI 3&vm dnpnut istgras Idepecftmeiy' Ctogéﬂier withi ther méﬁdafwﬁcéﬁtei‘ fréntt sipAaVVEFoen

essfu encaoded.in.a ster npafi bl e . formwhen the surround
B o et abteTATOR ot Bl S gnGl Seand IHGRBRRAG hanmel o Thi s - 3dB

I efypl has baﬂ*ﬂr@d@ﬁhﬂﬁ@&@uﬁtm%&&nﬁﬂg tﬁh'ro'iﬂﬂﬁﬁi sfgamsi'fﬂﬂn s'aﬁ'd %ifseaﬁd but

the standard specifies that other surround |evels can be used for
spt2i althiid phase shifeneirgnits respeqtinaly to mrevitensaiddetieor Aoouf@msmam tea

(s::%gng: tﬁrst"t‘f‘ﬂtﬁﬂt‘é@frﬁﬁrxalﬁ rong signals in the surround channel s. When such

44 fourth summing circuit for summing the output signals from said second

45  and fourth phase shifter circuits respectively to provide said right or B output

46  signal to a second output terminal;

47 first, second, third, fourth and fifth log amplitude detector means for

48 detecting the amplitudes of the signals applied to said first, second, third, fourth
49  and fifth input terminals;

50 first and second comparing means for comparing the log amplitudes of the
51 front and rear signals on the left side and on the right side respectively;

52 means responsive to the output of said first comparing means for reducing
53  the function fe(l,ls) of said first functional attenuator from one to zero and

54 increasing the function fs(1,ls) of said third functional attenuator from zero to one
55 in a complementary manner as the predominant signal direction changes from left
56 front towards left surround;

57 means responsive to the output of said second comparing means for

58 reducing the function fe(r,rs) of said second functional attenuator from one to zero

-95-
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occasi onal | resent, the encoder uses full surround level. If the surround
i nput s QX fitinual Iy -6dB or |ess conpared to the fr RETURBAE0S. t he
surround gain is gradually |owered 3dB to correspond to the European
standard. 20 During tests with the IRT in Minich it was found that a_
particul ar tape was encoded incorrectly by the encoder described in the
AES paper (preprint No. 4402). A new architecture was devel oped to solve-
the problemw th this tape. Although the encoding of this particular tape

5%s andyngeasing the funeien &r,rehel Saidvfoérﬁibﬂmctlmaé @steriuator frimszero
f 25 Th |
oL FROIE o Bortplhienifhy (Ralind o el kb BBREY bidic) Hirebior hal®

GrIeanmabnglvtEﬂran\lthandwaghéBmmundjput signals. The new encoder will also
rk in ssive m)de but mar i i.nt ended an act ve

gc oder ( ?hig% ERPTINE FReARS f ‘&IB éﬁﬁ elbtr\“ﬁﬁw%g%? S

a3 esqntiethadse bﬂﬁld Forr & al‘ghe active circui t ry corrects several snal I

errors inherent in the gn. However, 30 even wi thout the active
rrecti of2eanfcrasp PﬂéWﬁeﬁQctélel euipastistgnalifiom: said third pempasingrmieansifort Has

B 1R ﬂué%é}%é%é‘é"‘%%é&?’?ﬁ oo e S A Bt e Hatle v

66 st byiumto 8dBeoramagapl | problens with the first encoder were d| scover ed.
ny, but g;not,all of .these pr ens_have. n addrgsse new

éﬁcoder Eoyrth,comp f’e‘m%‘éﬁa‘gﬁ gqre%m%?‘b'ﬁﬁg §h5r1§‘a§ﬁ;ﬂ”r Iﬂtygp eti&eRr ont and

gghe bhe befe samptind ahdtﬁghesﬁmﬁhdam %@m dppied fohenifFout-tH R FreRder

gut put i s biase @Z far to the front he néw encoder conpensates for.

6% smpytety “Wafﬁic?r sing the rear bias sI i ghtly Li kewi se we have found

fghat when pgeddd f@s‘p’%n@ﬂfé%eﬂle"‘b %)ut%igﬁé ﬂL{foﬁ?H{' 01?1 art o?l (Lilp‘gre I's a

" net rearward bias which can ten uce t e sig alog in
the €enrestucihgthelgaiiof saihfirgfeandisecarahfuncticital attenuatom byaipltal og

11 o A D8 SR

A i gt maneahmg’uﬂlesgmne rodf |sa1d) blsird Tdred frawtke rfﬁndﬁﬁnalsmvenuatbrb lwkén shbemat i ¢
{6 T3 o S8 o ngEA S o e BASLS AoSSRE' 02! 1Y
5 .

the A and B outputs to be in quadrature phase relationship representing an

76 unsteered condition.

13. The encoder of claim 12 further comprising:

a sixth input terminal for receiving a low frequeh'cy effects signal;

a gain stage of gain 2.0 for amplifying said low frequency effects signal;
said amplified low frequency effects signal being applied equally to

additional inputs of said first and second summing circuits so as to appear equally

1 O O ke W N =

and in phase in both A and B outputs at said first and second output terminals
respectively. '

S
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15 the Dey@ygpRgeder, providing that the center attenuati opchHesARGyfCn in
attenuator 302 Is equal to 0.71 or 61zgsB In accordance with the previous
11,

desi gns of encoder shown in FIGs 10 the left (L), center (c) and
right (R) signals are presented to input terminals 50, &2,” &d 54 of the

encoder circuitry, respectively. The left side (LS) and ¥ side 20 (RS)
signal s arg.presented tg the input tgrmnals 62 @&nd., 67 respectIvely.
addltlen,a-kflgnal LEEAHOr | ow freguency effects"ln ]a 5 +(1ihiex] is appl!ied
to a n® ilnput tersi nal 370. T@Cnd LFEﬁnIs ass hm
at t €MUAroY /|gaFn —e emrent s=S72=—37# [ espeeti veby re s is: lified bl/

; a factor f 2.0. Thesg¢ signals ch applipd

,‘x signal _is plied

's si gyl ayf yNapplied tp

. | /_to DNese
FonlE ) : Larion® ars togbe |
mlly |a, I n gle sur&oun dnnel . at t enuaf or s 16,

ME& NMct FoRr _ i'm"ﬂ tg SHY 1D ctﬁnne[s

120
126

DELAY
>~
>
s

6\
' Yad
I(M\_\
_T_

(RIGHT) ||

; s 1131] | e | 2| |
¥l 9%l 1p38&2PETI 80§/ Y39
hi Ot dred hdh/t h S ZEdr s
) th nblrel &tilve Iphase >h|1t. | h it hd bdsire
encoder,] fc is dne and—fSeifmgs solt el active pat iSthl’OLgf' tLe
90 degr ge -pirase<st - ' b—s-ghalpassesiunchal |
bl 0Ck=3716-=t0 attenuator. 3986, ere L 1s.5> qultiplied by a~ﬁ. 1 factor,
theyj pagses to the adder 2¢0F, re it{is mxed wth th@ SS- couple"a"RS
signal flromthe attenu ' ain of -crx._ e lejpf crx.is
typilcally 0.38. It coniyols tihe pno§nt {of negative Cr @ss fedd flor ¢ each
surround channel . siygnal Rasse¢s through 9 ¢ shiftbr
234|and an adder =7 e iftw Fxed wth theoyh : l < r¥m phas
shifiter {10 286 t& : passés to the%3 _'rﬁlr 47 as th
"A" ISI gnal. As in e prievious encodedf, when therejfis dnly an isput to_Pne
of tlhe gurround <€hannel s, = w T =
~ A : <<
I D /l' (4o
| ;i 814l 8 Jl 8 g8l
=
=3 = L 3 S |
< = y :
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the A and B outputs at termnals 44 and 46 respectively have an anplitude
ratio WP9/1Z8F 91, which results in a steering angl e of PEYUSIEIWees to
the rear. The RS signal applied to_termnal 64 simlarly passes through
attenuator 15 382 with unity gai nzl“bgthe inverting el enment 400, and_ then

t hrough an attenuator 402 with a gain of 0.91, as for the LS channel. This
signal is then added to -crx tines the unnodified RS signal in adder 408.
As for the LS channel, the signal passes through a 90 degree phase shifter
el ement 246.and thence to an adder elenent 280. The R, C and LFE signals
after conbination in summng circuit 20 282 pass through a phase shift

el enrent 288 into the adder 280, where they mx wth the phase-shifted RS
and cross-fed LS signals to provide the "B" output signal at term nal 46.
As usual, for eagh of the outpyt-signals g§stermnals 44 and 46, the output
| evel s unity, aSLOE SUM of THESSIUAr es~ 038 "and»s0. 91 i s gne. 25

Wi | e theoufput ghe-bhe €ncoder swaf si MPre whgn.onl yone chapgel: is driven,
it becones pﬁebl"é‘rf‘a‘t’ﬁ"cﬁnen both $urround TNpATS are driven at the sane
time. If we drive t fnputs with the sane signal, a cormnon
practice in fib@Regalls the|signals at the, sumri ng nodes are in phase, so
the total |evel demmréh ut is .38 +19.°§_;/ r 1.29. This output is too
strong by the faéesp of , of 2.2dB. 30 Active ci rcuitry (not shown, but
simlar to the gg{ive i ' TN ithe degpder) is _87_ laced h tHBe'lll
Vi 114l r sSSUBSTHIFE - PGILUSRY 1833Q i ncl uded
i n the sepeoddr—t o Ledyce [tTE tre—2. actor—wrensui:s situation
occurs, i.esgonherrthetwo surtogmdTiannets—are—stmlar in anplitude and
are in phase. Anothdh\error mf—s—mlnen t he 'ﬁwo surround i nputs are equal
in level and 5 out é%sphase. BAOEhi s case, tfe;two attenuation factors
subtract, so the output |eveldB s ceQd - .3§‘ or . 53. This signal wll
decode as a center. directi odBifgrinduratit a > T adlced | evel . This error is
severe. The previ ous encoder®pttfufe® an unsteered

FIG. 2
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si gnal URggbg/iRgse conditions, which is reasonable. It is pgiaseasanabl e
that signals applied to the rear input terminals should result in a center

oriented 10 signal. Thus, active cir@dléry (not shown, but similar to that
in the decoder) increases the value of fs when the two rear channels are
simlar in |evel butg antiphase. The result of mxing bth the real path
and the phase shifted path for the rear channels is a ®0 degree phase

di fference betwegnghe output channels A and B, yhichFepresents an
unsteered signal¥ this bel ng the desired effect. ‘

<15 | n @i scussions at the

| RT in Munich, 4#twas ed that there is a Europear—standad surround
encoder. Thi Iy attenuates the twg~sfirround chapnels by 3dB,
and adds thkem Noto the rnt channel s. Thus the | &{% rear “hannel is

attenuat ed <3dB ghd addedinto the left front Rannef—ThAT S €ncoder has

many di sadvant gges when encodi ng nul ti channel fil recordi ngs
whi ch 20 haye 8| eci fic ingtruments assigned to thg opannel s. Bot h
t he | oudness$ | tion ¢f these instrunenfs wij i tly
encoded. Hohev i s _tencoder works rather i g [ nmusi c,
wher e t he/t ywo Bur thaandl s are prinaril : tf{gn.SThe 3dB

attenuati‘onjwd®® darefdl ly chdsen through |Ii i ; w dduce a
stereo ¢ 3 g ing. It was deci dedebha of the
present Thventyo 31S0 i ncorporate tRis —Ahen
cl assi cal 8T i encoded, and that one c »—- s condition
t hr ough -@ -k ai-lve-lovel s of the front ar U o‘ channel s
in the eBcdde Arrajor | prrf ore, of Lh the
surround Thannk el s | 3D reetTe the | evet—af tf 11 E anmels in
t he out put XD the-88- Thi s Sheet Hap~lpeey TC NERERN
LLEE 1 AR PR ) 1T N _SUBSITI TUTE SHEET (RULE 26) ‘ *
PCTNS98/ $8390 upfaund chphnnel s are h softer 12 annel s
Gircuitry?sini|af t® _thatlinthe decoder_ s provlded t@:care &he front
and' rear level's, and when the =
- T ¥ F 7 -
=
=
X
§ o
o~ S o~ ‘ .
e 5 | S
amd 2 L 2 1Ll T oz F v &ﬁ
" 5 [%p) O =
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.rear is less by 3dB, the value of fc is reduced to a maxi mum of %dB. Thi s
maxi nunV84913886enuat i on i s reached when the rear channel $CAEEHE ess
strong 5 than the front channels. Thig active circuit appears to work well.
It makes the new encoder conpatible with the European standard encoder for
classical nusic. However, instrunments which are intended to be strong in
the rear channels are encoded with full level. There is another function
of the real coefficient mxing path fs for the 10 surround channels. Note
that this path, through attenuators 378 and 380 al so passes through
cross-feed el enents 384 and 386 to adders 392 and 394 in the opposite
channel3, with 0.91 attenuator elenents 388 and 390 in the main signal

pat hs, Ppefore being applied to the sunmng circuits 278 and 282. \Wen a
sound ®s noving from thgnt ¢ i nput toward the left rear input,
activeiircuitry (not 15 sh§ e levels in these inputs and

det ect sZt hat* t hese signals & S M __dgté}pd in phase, and
under t g conditions, fc; #le ts is increased to
one. ThEs” ¢hange to real results in a nore
preci séengpdi ng of s function is
probabl31pﬁt>‘*e_, gef i nenent. 20 In
sunmar yg en, gnmparing the

| evel d phasggbew gsi-de,. -and for
conparizig the rel ati Is. These
circuit® are easif@ i SR
wel | known to thO@%nténg% % (sl
t hese detectors, these tiv gvt. Reguee=the level of the
surround channels by 2.2dB gien aﬁa are in phase; 2. Increase the
real coefficientirniddatyp path for t rear hannel,g __,_%u__t_é.ii ciently to create
an unsteered condition when the two rear channel™ a@é out of 30 phase;
-89- This Sheet Has Been Repl acedFL}I [EXaazaatirrrrtill 11 SUBSTI TUTE
SHEET ( RULE 26) (_Lr' D

upd;h the outputs from

Left Front Right (LFT2) matrix element

FIG. 6
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WO 99/ 12 S$8/ 18390 3. Decféése the level of the s nnel s
%g§38§%&9 %&ﬁﬂﬂ%ﬁn%ﬁ@

by up to en the surround level is nuch | ess (-8dB) than the ont
channels; 4. Increase the |evel and Qﬁggtive phase of the rear channels
when their level is simlar to the front channels; and 5 5. Make the -.
surround. channel m x use real coefficients when a sound source is panning
froma front input to the corresponding rear input. Additional inprovenents
to the encoder are likely to include a feature for the front channels such
that when the two front channels are out of phase the encoder will not
cause the decoder to place the sound in the rear, as at present, 10 but

wll detect this condition and make the encoded out put appear to be
unsteered 7 (i.e. a quadrature phase shift between the A and.B channels will
result.) V%ile the preferred enbodi nents of the invention have been

descri be®and il ust rigked ei n, many ot her possible enbodi ments exi st,
and thege_and other nodif and \.a 2-0NS W || be apparent to those
skil | ed-imtthe art, w thoy the spirit of the invention
Thi s Sheet Has Been Repl a [ 11l kasd 1TILIT I -90

SUBSTI TUFEN SHEET ( RULE 26 W3/ 18390 1 1. A surround sound
decoder fon redistributi ight 2 audio input signals
i ncl udi B2 onal 3 components into a
plurality af ‘ B ©rough 4 | oudspeakers
surroundidhg. a | i.skemsk ) s for 5 determining the
di rect ilolhl COHR aks.and 6 generating

t heref rom at :
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8 dela means for delaying each of said left and right audio si gnal s
to Q¥ ¥EB%el ayed I eft and right audio signals; 10 Jcﬂ"ﬁgé 15%99
nultlpller means equal to twi ce the nunber of said plurality 11 of output
channel s, organized in pairs, a fi P16 el ement of each said pair recejving
12 said del ayed left audio signal and a second el enent receiving said

del ayed right 13 audio signal, each of said nmultiplier. nmeans nultiplying
its input audio signal by a 14 variable matrix coefficient to provide an
out put signal; 15 said variable matrix coefficient being controlled by one
or bath of said 16 steering signals; and 17 a plurality of summ ng neans
one Eor each of said plurality of output 18 channels each said suming
mean3 receiving the s onals of a pair of said 19 nmultiplier nmeans
and ‘Broducing at its Outjsis ; L plurality of output 20 signals, 21
t he ecodér havi ng sai d S 4485 S0 constructed as to reduce
22 d:rpei onaIIy encode B CANEOHEIT S8yt pdeesr which are not directly
|nvobve i n reprQgd d direction; enhance

dir et i ; itputs which are directly

N
|nvo %ﬂ ction so as to

nalngaln | e preserV|ng hi gh
sepaEat i on @@t 3

non-@i rectional s
mai nt ai ni ng the5028
non-di recti onal =3ager,

h
de
al

& si gnal @0 and
udi oaﬂ)wer | evel of
oy her or not

directionally encodé€ S|g % Ls@ regardl ess of their
i ntended direction if pr??- = Sogeet HatDBeen Replaced 11111111 IIIIU
FEEE 1EE T - @B 111 TT T ] Blt2@111111 [ 1i _SUBSTI TUTE SHEET ( RULE

26) CL Ms WD 99/12386 PC /US9%/ 18390 Thi s Bheet>F¥as Been Repl aced 1 2.

The decoder of claim 1l wherein said | eft and right audio input signals were

2 originally encoded fromfive igaﬂﬁgl nto two channel s and wherein said
i S

3 plurality of output signals ch that said left and right audio
I nput signals

left front left mwating eleanent

SUBSTITUTE SHEET (RULE 26)



4 are deGggag gk 0 five output signals which are reproducegd by cos/ 18390
anplification and 5 application of the said five anplified output srgnals
to five | oudspeakers arranged 6 to surround the listener. 1 3. The decoder
of claim2 wherein said | oudspeakers A& positioned at 2 locations to-the
|l eft front, center front, right front, left rear and right rear of the 3
| i stening position, said output signals being typically named according to
their 4 intended directional |ocations relative .to the listener's
position. 1 4. The decoder of claim3 wherein a sixth audio output signal
of reduced 2 bandwi dth, intended for |ow frequency sound effects, is
provided in addition to the 3 five output signals enunerated. 1 5. The
decoder of ctarms<L TNTU 4 wherein said left and right audio inpuf 2
signal s q@quecoded Mt o said pluralirty-aof output signals by neans of
analog 3 Citcuitry. 1 6N The decodér of clains-1.thru 4 wherein said left
and rightcasdi o input 2 signal s are decode&= nto sdi~d.plurality df output
signals by neans of digital signal 3 processing circuitry~-after:first
converting %aid input signalsNnto digital form and 4 tLﬂérIy converting
said out ppt signals back info anal og formsuitable f reproduction on a
i ke pIuraI? y of | oudspeakers suxrounding the LisTener. 1 7. The]decoder
of claim @& gherein the séid variabhNe matrix efficients 2 deternitning the
| evel of thejrear output signal sis i e at a 3dB | ower levél 3 when
the said Feft-right steering signal is/of small magnitude and rises to the
full 4 giitude when this signal reaches a magnitude equivalent-to a
steering anglie of .-92 SUBSTI TUTE SHEET (RULE 26) " 11" LI 1LIIILI"~"1) 11~
[T 111 TWD 99/ 12386 This Sheet Has Been Repl aced PCT/ US98/ 18390 -
Frrerererrrr e vt 1l 5 22.5 degrees or nore, but is. independent

of the saﬂd1¢énfer-surround steering 6 signal, in a node of operat.ion
i nt ended fobf'r el evi si on. saund reproduction—t-hereby—7-provi-di-rg—-ess
-~ -

—Pt e+Rg-t¢€
variation of Othe sound Wvel of tR€ rear out3Uts rel ati® to the FFont 8
out puts when steering occurs in the forward direction resulting in nore
natural 9 and smoother surround sofnfi(gif eftfs.

caaier

loft front lefl inatix eletnent

Ir {45=0)
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1 8. The decoder of claim3 wherein the absol ute val ue of Of the said

2 steerVR§*4?3¥hals is linmted when the other of said st e%ﬂong”z‘i%Jﬁm s is
rapi dly 3 changi ng, thereby prOV|d|n9 i nproved responsiveness to dynanic
effects. 1 9. The decoder of clai mB8ltherein in each front quadrant -t he
coefficients 2 calculated for the left and right conponents of the input
signal are nmade such that 3 the sum of the squares of these elenents is
equal to one when the center-surround 4 steering signal is close to zero,
so as to reduce unwanted variations of the total 5 power delivered to the

| oudspeakers as a result of steering. 1 10. The decoder of claim 3 wherein
a center boost function is provi dedg@@giich as to result in mninmal apparent
not on of central sound sour ce nt 3 while retaining maxi num

| eftz right separati tof 2 ddwe decoder of claim3
wher®in a new center I s made dependent on the
sai €& cent er-surroy, Ber 3 that up to an
effébtlde : S . ent er channel 4 out put
risg-id a - S p Engecoder, then rises

5 ng?e Iﬁ_ld|y % A e standard type of
6 dgqugj ¥ . o S | evel of the
centr co t front channels so as
to @ eservegpn /f“mel decoder the
rat ¥ of the pome fotal power of al

ot her input si gl e hd left and right
audi o i nput S|gn£ ; | t hereby preserving in
the outputs of the e
.......................... -- SUBSTI TUTE SHEET
(RULE 26) | | @ @did Vi lTIRTTIMNGATT i 200 M s WO 99712386 This Sheet Has

Been Repl aced PCT/US98/18390 Ly -~ Illllllcil%ﬁ%i% 1111111 12 between
center and other signals as was present before the signals were encoded,

FIG. I3

O
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13 and al g rving the bal ance’ betmeen center and ot her
recor di ngs #ﬂﬁ§$rglnally m zed for two channel playback. quﬁgﬁﬁ%ggtrve

encoder suitable for encoding five channels of full 2 bandw dth audio onto
two output channels, said five input ¥H&nnel's being 3 respectively left.
front, center front, right front, left rear or surround, and right 4 rear
or surround, and said output channels conprising left or A and right or B
5 channel s respectively, conprising: 6 first, second, third, fourth and
fifth input terminals for said left front, 7 center front, right front,

| eft surround, and right surround channels respectively; 8 an attenuator
circuit connected to said second input termnal for 9 attenuating said
center fromt signal factor fen; 10 fi and second sumring circuits,
said first :sunm ng crr d?% e elyrnovrhgy t erRFEd center front signal
from sai d attenuator crrcu Bl LA g nput 12 fromsaid first

i nput term;nal directly, g circuit also 13 receiving
said attenuated center fr iht front signal fromsaid
14 thrr dnput term nal i onal attenuator with
attenu function fc( 16 said left surround

si gnal rec ived from sa 17 second functi onal
attenuator (with attenuar or 18 attenuating said
right surggund sign g termnal; 19 third
functi qmal L35 S for attenuating
20 said Ieft SUMToRHR Msy _terninal; 21
fourth functional Sl
attenuating said rr@ht SUTH
termnal; 23 first, second

F EEES . rs) fBIEC 22
ﬁ:s-”?oqrsard frfth i nput
crleBs>Feed attenuators having
an attenuatron 24 factor -crx receiving the output signal fromsaid
first, second, third and 25 fourth functional attenuators, respectively; 26
first, second, third and fourth fygﬁﬂ;%trzjgators having an attenuation 27

factor of 0.91 each receiving thetodt nal fromsaid first, second,
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L1111 YOOYE3BSurth functional attenuators, respectivelyt ¥P - second,
third and fourth adders each receiving the output signals from 30 said
first, second, third and fourth fitgdi6attenuators, respectively, and addi ng
to 31 themthe output signals fromsaid second, first, fourth- and third
cross-feed 32 attenuators, respectively; 33 first and second phase shifter
circuits having a phase shift function -90 34 receiving the outputs of
said first and second adders respectively; 35 third and fourth phase
shifter circuits having a phase 'shift function -0 36 receiving the outputs

of said £irst and second CITCurts respectively, sard 57 first and
second’ sunnlng c;;cukfsfgfggnrgge|V|ng the outputs of said thind and 38
fourth quers respectively and conmbining themw th the left frgnt and right

front 39 input signals respectively together with the attenuatled center
front gignal from 40 said attenuator circuit connected to said second
|npq5 t'e nlnal 41 third summing circuit for summ ng the output] signals
frOHPSQIg first and 42 third phase shifter circuits respectivgly to.

provigde. “faid left or A output signal to.a--43-first-output termnal; 44
fourdh sypming circuit for sunwi-ng” ‘t'he output signals fromsaiq second 45
and T oJr#i phase shifter ciTCuits respectively to provide saidlright or B
out put 95 signal to_a- ‘Second output termnal; 47 first, second, third,
fourthaAg fifth | o¢ anplitude detector nmeans for 48 detectlng t he
anplltudes of the signals applied to said first, second, third,| fourth 49

and fif'th input’ termnals; 50 first and second conparing neans Jf or
conparlng the | og anplltudes of the 51 front and rear S|gnals on the left
si de and'gn The rggnt STU§ Tespeg 1 Vel BghZ2 MEas respanst ve 19st he out put
of said first conparing neans fafs+eduesng 53 the function fc(l,ls) of
said first functional attenuator fron1one to zero and 54 increasing t he
function fs(l,ls) of said thirdngqg attenuator fromzero to one 55
in a conplenentary manner as th do ant signal direction changes from
left 56 front towards | eft surround; 57 nmeans responsive to the output of
sai d second conparing neans for
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26) 11111111111211 hill 11111 11 I!IEHMg 99/ 12386 PCTI US9%$/18390 59 and
increasing the function fs(r,rs) of i'@ fourth functional attenuator £rom
zero 60 to one in a conplenentary manner as the predom nant signa
direction changes 61 fromright front towards right surround; 62 third
conparing neans for conparing the |og anplitudes of the front signals 63
with those of the rear signals; 64 neans responsive to the output signal

from sai dt Fhi+d—corpati-nRg—rBans-for 65 & ) . by up to
3dB as thejfront signals exceed the rear si 66 by up to 8dB or nore;
67 fourPhafonparing means for conparin e phase and anplitude between 68

the |l eft- gurround and right surround-tnput signals applied to said fourth
and fifth {69 input termnals; apned” 70 neans responsive to the output signal
from sat-d™tourth conparing neanéﬂaa% for reducing the gain of said first
and secand| functi onal attengafors by up to 72 2.2dB when the two surround
signals~are simlar in anpkitude and in phase, and 73 for increasing the
gains ofgsgid third and #ourth functionaltggtenuators when the 74 two
surround sijgnals are sjfrilar in anplittde 2 anti phase, therepy forcing
75 the R4frd B out pu to be in quadrature phase relationship repyesenting
an 76 ups ered condition. 1 13.,-The encoder of claim 12 further .
conmprising} 2 a sikth input terminal for receiving a | ow frequency effects
signal ; B2& gain/stage of galn 2.0 for anplifying said |ow frequehcy
effects signal , 4 said anplified | ow frequency effects signal be|ng

appl i ed ®diial 4y to 5 edditional inputs of said first and second shimmi ng
circuits g@as. i appear equally. 6 and in_phase in both A and B outputs at
said firstCand second@utput te@Bnals 7 ré@spectivel yadhis SheetnHas Been
Replaced | 1"I | 1' ~ Ste=nng angie in degr2es plus cne
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5-2-5§ MATRIX ENCODER AND DECODER SYSTEM

Cross-Reference to Related Applications
This application is based upon the U.S. Provisional Patent Application

No. 60/058,169 entitled “5-2-5 Matrix Encoder and Decoder System,” filed
September 5, 1997. ‘

Field of the Invention
This invention relates to sound reproduction systems involving the
decoding of a sfereophonic pair of input audio signals into a multiplicity of
output signals for reproduction after suitable amplification through a like
plurality of loudspeakers arranged to surround a listener, as well as the

encoding of multichannel material into two channels.

Background of the Invention

The present invention concerns an improved set of design criteria and

their solution to create a decoding matrix having optimum psychoacoustic
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- performance in reproducing encoded multichannel material as well as standard
two channel material, that includes maintaining high separation between left
and right components of stereo signals under all conditions, even when there
is a net forward or rearward bias to the input signals, or when there is a strong
sound component in a particular direction, while maintaining high separation
between the various outputs for signals with a defined direction, and while
maintaining non-directionally encoded components at a constant acoustic level
regardless of the direction of directionally encoded components of the input
audio signals, including frequency dependent circuitry that improves the
balance between front and rear signals, provides smooth sound motion around
a seven channel version of the system, and makes the sound of a five channel
version closer to that of a seven channel version.

Additionally, this invention concerns an improved set of design criteria..a
and their solution to create an encoding circuit for the encoding of multi-g
channel sound onto two channels for reproduction in standard two channel
receivers and by decoders according to the invention.

The present invention is part of a continuing effort to refine means of
encoding niultichannel audio signals into two separate channels, and then
means for separating the resulting two channels back into the multichannel
signals from which they were derived. One of the goals of this encode/decode
process is to recreate the original signals as perceptually identical to the
originals as possible. Another important goal of the decoder is to extract five
or more separate channels from a two channel source that was not encoded
from a five channel original. The resulting five channel presentation must be
at least as musically tasteful and enjoyable as the original two channel

presentation.
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The presentinvention is concerned withimprovements tothe derivation
of suitable variable matrix coefficients. To assist understanding of these
improvements, thisdisclosure makesreference to Griesinger’s U.S. Patent No.
4,862,502 (1989) which will be referred to as the ‘89 patent: U.S. Patent No.
5,186,650 (1992), which will be referred to as the ‘92 patent; the July 1996 .
Griesinger U.S. Patent Application No. 08/684,948 referenced as the July ‘96
application; and the November 1996 Griesinger U.S. Patent Application No.
08/742,460, referred to as the November ‘96 application. Commercial versions
of the decoder based upon this last application will be referred to as Version
1.11 (or V1.11). Some further improvements were disclosed in the Provisional
Patent Application 60/058,169 filed September 1997, which will be referred to
as Version 2.01 (or V2.01). These versions V1.11 and V2.01, and the present
invention, will be referred to collectively as “Logic 7” decoders.

Additional technical references cited are: [1] “Multichannel Matrixz
Surround Decoders for Two-Eared Listeners,” David Griesinger. AES preprint"
# 4402, October, 1996, and [2] “Progress in 5-2-5 Matrix Systems,” David
Griesinger, AES preprint # 4625, September, 1997.

Summary of the Invention

The means employed to realize the two goals of récreating the original
signals encoded from five to two channels and of creating a perceptually
satisfactory reproduction of two channel material in a five channel format have
evolved as we continue to better understand the physics and the
psychoacoustics involved. The previous patents and patent applications
referred to above presented a design philosophy that produced useful decoder

devices.
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The present invention is concerned with the realization of an active
matrix having certain properties that maximize its psychoacoustic
performance. In another aspect it discloses frequency dependent modification
of certain of the outputs from the active matrix. In a further aspect, it provides
active circuitry that encodes five input channels into a two channel output that
will perform optimally both with standard two channel equipment, with
decoders according to the invention, and with industry standard “Dolby Pro-
Logic” decoders.

The invention is in part an active matrix decoder having matrix
elements that vary depending on the directional component of the incoming
signals. The matrix elements vary in such a way as to reduce the loudness of
directionally encoded signals in outputs that are not involved in the intended
direction, while enhancing the loudness of these signals in directions that are,
involved in reproducing the intended direction, while preserving at all times
the left/right separation of other signals that may be present at the same time.
at the inpﬁts. Moreover, matrix elements in accordance with the invention
restore theleft/right separation of decorrelated two channel material that has
been directionally encoded by increasing or decreasing the blend between the
two inputs - for example with a stereo width control. In addition matrix
elementsin accordance with the invention are designed to preserve asmuch as
possible the energy balance between various components of the input signal,
such that the balance between vocals and accompaniment is preserved in the
decoder outputs. As a consequence matrix elements in accordance with the
invention preserve both the loudness of non directionally encoded elements of
the input sound and the left/right separation of these elements.

Additionally, decoders in accordance with the invention include

-4-
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frequency dependent circuits that improve the compatibility of the decoder
outputs when standard two channel material is played, that convert the
surround outputé from two for a five channel decoder to four for a seven
channel decoder, and that modify the spectrum of the rear channelsin a five
channel decoder so that the sound direction appears to be more like the sound
direction from a seven channel decoder.

Encoders in accordance with the invention mix five (or five full-range
plus one low frequency) input channels into two output channels such that
when the input level of a particular input is strong the energy present at that
input is preserved in the output; such that the direction of a strong input is
encoded in the phase/amplitude ratio of the output signals; such that strong
signals can be panned between any two inputs of the encoder and the output

will be correctly directionally encoded. In addition, decorrelated materla\

applied to the two rear inputs of the encoder will be encoded to two channels_

in such a fashion that the left/right separation of the inputs will be preserved
when the encoder output is decoded by decoders according to the invention
such that in-phase inputs to the two rear channels of the encoder will produce
a two channel output that will decode to the rear channels of | decoders
accordingthe invention, and decoders according the Dolby standard, and such
that anti-phase inputs to the two rear channels of the encoder will produce
outputs that will correspond to anon-directional signal for decodersaccording
to the invention and to decoders according to the Dolby standard, and also such
that low level reverberant signals applied to the two rear inputs of the encoder

will be encoded with a 3dB reduction in level in the two channel output.

Uy
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Brief Description of the Drawing

The novel features believed characteristic of the present invention are
set forthin the appended claims. The invention itself, as well asother features
and advantages thereof, will best be understood by reference to the following
detailed description of an illustrative embodiment when read in conjunction
with the accompanying drawing figures, wherein: _

FIG. 1 is a block schematic of a direction detection section and a two to
five channel matrix section of a decoder according to the present invention, but
not including aspects further shown in FIGs. 2 and 3;

FIG. 2 is a block schematic of a five-channel frequency- dependent active
signal processor circuit which may be connected between the outputs of the
matrix section of FIG. I and the decoder outputs; '

FIG. 8 is a block schematic of a five-to-seven channel frequency-
dependent active signal processor which may alternatively be connectedi
between the outputs of the matrix section of FIG. I and the decoder outputs;

FIG. 4 is a block schematic of an active five-channel to two- channel
encoder according to the mventlon,

FIG. 5 is a three-dimensional graphical representation of the prior art
Left Front Left (LFL) matrix element from the ‘89 patent and Dolby Pro-Logic,
scaled so the maximum value is one;

FIG. 6 is a three-dimensional graphical representation of the prior art
Left Front Right (LFR) matrix element from the ‘89 patent and Dolby Pro-
Logic, scaled by.71 so the minimum value is -0.5 and the maximum value is +
0.5;

FIG. 7 is a three-dimensional graphical representation of the square root

of the sum of the squares of the prior art LFL and-LFR from the ‘89 patent,

-6-
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DECODER SYSTEM Cross- Reference to Rel ated Applications This application is
based upon the U.S. Provisional Patent Application No. 60/058,169 entitled
"5-2-5 Matri x Encoder and Decoder System" filed  Septenber 5, 1997. Field
of the Invention This invention relates to sound reproduction systens
i nvol ving the decoding of a stereophonic pair of input audio signals into
a multiplicity of output signals for reproduction after suitable
anplification through a like plurality of |oudspeakers arranged to
surround a listener, as well as the encoding of nultichannel material into
two channel s. Background of the Invention The present invention concerns an

I nmpr ovecgcgﬁgdgy‘tmhgnnﬁﬁwﬁﬁéasm their solution to create a decodi ng
mat ri x havi n%‘ opti mum psychoacoust o e I
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FIG. 10is a three-dimensional graphical representation of the partially
completed Left Front Left matrix element in the present invention:

FIG. 11 is a graph showing the behavior of LFL and LFR in the present
invention along the rear boundary between left and full rear;

FIG. 12 is a three-dimensional graphical representation of the fully
completed Left Front Left (LFL) matrix element in the present invention as
viewed from the left rear; \

FIG. 13 is a three-dimensional graphical representation of the fullyi
compléted Left Front Right (LFR) matrix element in the present invention:

FIG.14isathree-dimensional graphical representation of the root mean
squared sum of LFL and LFR accor&ing to the present invention:

FIG. 15 is a three-dimensional graphical representation of the square
root of the sum of the squares of LFL and LFR according to the present
invention, including the correction to therearlevel, viewed from the left rear;

FIG. 16 is a graph showing with the solid curve the center matrix
elements that should be used in a prior art Dolby Pro-Logic decoder as a
function of CS in dB, and with the dotted curve the actual value of the center
matrix elements in the Dolby Pro-Logic decoder; |

FIG. 17 is a graph showing with the solid curve the ideal value of the

center matrix elements, and with the dotted curve the actual values of the

-
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mai nt ap,ni ng non-directionally encoded conponents at a constant acoustic

| evel ‘regardless of the direction of directionally encoded conponents of
the input audio signals, including frequency dependent circuitry that

i nproves the balance between front and rear signals, provides snooth sound
notion around a seven channel version of the system and makes the sound
of a five channel version closer to that of a seven channel version.
Additionally, this invention concerns an inproved set of design criteria;
and their solution to create an encoding circuit for the encoding of nulti-
channel sound onto two channels for reproduction in standard two channel
receivers and by decoders according to the invention. The present invention
is part of a continuing effort to refine means of encoding multichannel

audi 0 si goddes rhRt:9x bYmERRAMA R0 F BADSILS, PR, oEteN means for separating
the resulting two channel s back into the nultichannel signals from which
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the July 1996, G ' fent Application No. 08/684,948 referenced

iesinger US P
as the JBFSP tﬁgﬁ?ip gESRNVEREIOY e Novenber 1996 Griesinger U.S. Patent
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Commer ci al versions
Center Left (CL) matrix element of the ‘89 patent four channel decoder (and the
Dolby Pro-Logic decoder) which can also represent the Center Right (CR)
matrix element with left and right interchanged:

FIG. 22 is a three-dimensional graphical representation of the Center
Left (CL) matrix element in Logic 7V1.11 decoders:

FIG. 23 is a graph showingr with the solid curve the center Output
channel attenuation needed for the new LFL and LFR, and with the dotted
curve the center attenuation for a standard prior art Dolby Pro-Logic decoder;

FIG. 24 is a graph showing with the solid curve the ideal center
attenuation for the “film” strategy, according to the present invention, with the
dashed curve a value that works significantly better, and with the dotted curve
the center attenuation for the standard Dolby decoder for comparison;

FIG. 25 shows the center attenuation used in the “music” strategy in the

present invention;
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of. t he.decoder based upon this last application will be referred to as
Version 1.11 (or V1.11). Sone further inprovenents were disclosed in the
Provi sional Patent Application 60/058,169 filed Septenber 1997, which will
be referred to as Version 2.01 (or V2.01). These versions V1.11 and V2. 01,
and the present invention, will be referred to collectively as "Logic 7"
decoders. Additional technical references cited are: [1] "Ml tichannel
Matri x" Surround Decoders for Two-Eared Listeners,” David Giesinger. AES
preprint # 4402, Cctober, 1996, and [2] "Progress in 5-2-5 Matrix
Systens,"” David &iesinger, AES preprint # 4625, Septenber, 1997. Summary
of the Invention The neans enployed to realize the two goals of recreating
the original signals encoded fromfive to two channels and of creating a
percept ual | y prptd{a biph EROWRIPFi{IPhObolidRus P BRE vallRd 6f G nddued five
channel format have evolved as we continue to better understand the

physi cs fordcemstany snergnombins with the|“mewsicTeenter attannation GG ofridepat ent

applications .referred to 0 pr,esent ed a design_phil os : roduced
usef ul dBEHELE 1HERATIQR, W%gRégﬁAegﬁﬁe%l\ﬁmgﬁEﬁe rng%Y Oé]'?ﬁ%eel%r esent
i nvent i ogin(8s)®esedr, et witlhthédotted durakithe valuasfaixiey)y matrix having

certain properties that maxim ze its psychoacoustic perf ogn‘ingéa I n
anot her asped1G{27dsathsee-dimepgional graphicabranresenfationgfithg Le Front ai n of

the out pgfi%hﬂ‘ ({LEF;/‘R% ﬂ%tﬁ&tew@ggﬁ;ﬂ tRe néwW iAvéMibhSin ASRE the dorPE Q¥ IfsH

active circul at enco Ive I nput channels into a two channel out put
that w ténteelévelmlopg thalt0bsish with standard two channel equipnent, with

decoders acc ' to e invention, ;and with industry,.sta r d~" Dol by Pro-
Logi ' decodd e %81 p hEre AR ARphicel rePRORIRRI PR hg
matri X Bef@I)SmhbEk eVahntleitinthagewehber oot Fanotioh; andponent of the

I ncom ng Si s, The matrix el enents vary in ch a s to reduce the
| oudness of gﬁ%-&ﬂ’i“&rﬂ{?l’ V%‘i/:'(?g‘dgﬂtsstt‘tﬁ%t? 'theYFj#bWPsth\lleﬁéftafé?’ét?l'b‘ip“r%vol ved
in the i (i&R€@Eurve) and the center output (solid curve) as a strong signal pans from

center to left.

Detailed Description of the Preferred Embodiments

The design presented here preserves much of the design philosophy of
the previous decoders. but the actual design has changed in many ways. It is
not possible within the bounds-of a &ocument of readable length to completely
describe the evolution of this design. To keep the document coherent we will
present here the most important elements of the design philosophy, show the
mathematical solutions to the problems presented, and make claims on the
solutions that are original with this filing. It may be useful to consult our
previdus filings on this subject, but it should not be essential.

Experience with the decoder and encoder as described in the July ‘96
and November ‘96 applications and the September ‘97 pfovisional patent

application has led to additional improvéments that have not yet been

9.

REPLAGEMENT SHEET

02 MAY 2000




dig ection, while enhancing the | oudness of these signals in directions that
are.., ' involved in reproducing the intended direction, while preserving at
all times the left/right separation of other signals that maybe present at
the sane tine at the inputs. Mreover, matrix elenents in accordance with
the invention restore the left/right separation of decorrelated two
channel material that has been directionally encoded by increasing or
decreasing the blend between the two inputs - for exanple with a stereo

width control. In addition matrix elenents in accordance with the
I nvention are designed to preserve as nmuch as possible the energy bal ance
bet ween vari ous conponents of the input signal, such that the bal ance

bet ween vocal s and acconpani nent is preserved in the decoder outputs. As a

CONs eqUCHIGRIJIBA" Thif nBFHYaEidr wafl FHABAE Sl bidst BsetIUP MatARePLFIHeve DOLN

the | ou Ss Of non tironally "enc el enents o e i nput sound and
t he | ef timpxpvedsarader and decod éreefthe prazens invehlion paad will neked@ims n
accordance with t i nventi i ncl ude - REPL HEET.. 0, .2 s' 2000
f requencS® Hé?)@ﬂ&%lﬁliaﬁnf"ﬁ}l&?g??ﬁﬁ eepRdsied singe ﬁocﬁg/ggg‘fﬂﬁi EP&IIS?“PHQ‘G Yecoder
out puts ggygazsteprdard two channel material is played, that convert the
surround outputs fromtw for a five channel decoder to four for a seven
channel decoder, and that nodify the spectrum of the rear channels in a
five chﬁnesheiqpn,g;h& 4 Sfthd deoggind direction appears to be nore |ike
on tr

the sound—drrect M a Seven nnel decoder. Encoders in accordance
wi th the i nv@lie decoder in $leis(applicatinif wlill-beadgscrilpédi as @oasisbting € gweancy)

i nput channels into ut put channel s. sych that ,.when the jnput |evel of
b ¢ | CHRBRTaEe Batta: Tt R eHaaBR HiAR e tha o it FRFnBecer ved
in the opitBYive sUtfut ladniidls. dhick biomsahlly idehoiTibd APbéniet, 16MFRERE, i N the
phase/amplitude ratio of the output signals; such that strong signals can

be pannddsbbftgrh lafhreatand sight war fheprcsnst parfcanmstsriserigsof pe
correct |d’e1Q¥ﬁ%ﬂd AN Xh8PGRESTy thi é’ﬁ@t{'ﬁ%ﬂanéﬁ?@r%@l&ﬁt @ﬂgi@k%' Alar
et ncoder w |l ed

i
applied to wo rear inputs of the e r )e encoded to two
channel soutputsuOmexfithefirnotivhaof thesdesind parghis todexivannaddifionabpainput s
wi Il be & o%%{ﬁ/g,qeft side and right side, when a seven channel version of the decoder;

is desired. In application No. 08/742,460 the second part was not explicit — thel

p

two additional channels were derived from an additional pair of matrix
elements in the original matrix. .

In mathematical equations describing the decoder and encoder we will
use the standard typographical conventions for most variables, simple
variables being shown in italics, while vector quantities are in bold lower case
type and matrixes are represented by bold upper case type. Matrix elements
that are coefficients from a named output channel resulting from a named
input channel will be shown in normal upper case type. Some simple variables
such as Ir and cs are described by two-letter names which do not represent
products of two separate simple variables. Other variables I/r and ¢/s do in

some sense represent the values of left-right and center-surround ratios, but

-10-
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when t.he encoder output is decoded by decoders according to the invention
such that in-phase inputs to the two rear channels of the encoder will
produce a two channel output that will decode to the rear channels of
decoders according the invention, and decoders accordi ng the Dol by
standard, and such that anti-phase inputs to the two rear channels of the
encoder will produce outputs that will correspond to a non-directional
signal for decoders according to the invention and to decoders accordi ng
to the Dol by standard, and al so such that |ow |evel reverberant signals
applied to the two rear inputs of the encoder wll be.encoded with a 3dB
reduction in level. in the two channel output. -5 REPLACEM i ENT SHEET 0 2
MAY 2000 7 'i ..,.y... Brief Description of the Drawi ng The novel features
bel | eveq,(RAATrehhb! Sighh WRaPLLaGH od RUSIIHAR ralits. PREsd Grlvintionhe
appended clal ns. e rnvention Ttselt, as we as other features and
advant agesvetdles beén uwed in thesprdvéoumtie s Patzhth pnddP atent dpplisatings citiedowi ng
detail ed description of _an illustrative _epbodqinent when read.in,conjunction
W th 1 hanaERSn SRR PR FeEments Son e MatAD HREHRES T AU Behonm |
of a di rfiglihgRishRHERy fHe w6t bP WiffeferdtWBypd faté ehd hdielsizgtahidX byect i on
of a decoder according to the present invention, but  not including aspects
furt her iodewkingthesedines. dignaions will bej numbpreshitosdintipguish tdrery from
five-ch |,.freaue - i . 8] i re Ul i ch
may b CORREb BE IR s PRERERT wr Ao i ich ARGt IR RT MRl T

t he decaltseribedhetrein.FIG 3 is a bl ock schematic of a five-to-seven channe

frequency-, pendent .acti.ye signal 0CeSS [ may, alternatiyely be
connect ed bgﬂg%e ‘E’ﬂg’holﬁ b‘x‘f%t‘%ﬁ ?%.ﬁhat‘fi‘?ogegji%%e Application, Nq., o
decoder g8/7921480, Bh&ws4a iblock 'Bigetans Tt firsOfparh ciCthe/ deboder; Ghawoel to
t wo- channel encoder according to the_ inventiaqn; '

FIG 5
t hr ee- diohemaiebibalfive apameel xA®niEhe daft dralf ok B1G.o} PI&?ﬁi?iOE@ﬁthFPont
Left (LR)rt{TBi Bhdhéd RREUhoWLMhens £ &)&Iiﬁ'ﬁtg ﬁf@t@@'&é@ﬁ’ﬁé’%&%& lr

and c¢/s. These voltages represent the degree to which the input signals have

an inherent or encoded directional component in the left/right or front/back“s5
directions respectively. This part of the FIG. will not be explicitly discussed ini
this application as it has been fully described in the above patent application
which is incorporated herein by refer_ence.

In FIG. 1 the directional detection means of decoder 90 comprising
elements 92 through 138 -is followed by a 5 x 2 matrix to the right of the
vertical dashed line. The elements of this matrix 140 through 158 determine
the amount of each input channel that is linearly combined with the other
input channel to form each output channel. These matrix elements are
assumed to be real. (The case of complex matrix elements was described in U.
.S. Patent Application No. 08/742,460 and will not be discussed here.) The
matrix elements are functions of the two steering voltages I/r and ¢/s. U. S.

Patent Application No. 08/742,460 presented mathematical formulae for these

-11-
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scal ed,.so the maxi numvalue is one; FIG 6 is a three-dinensional graphical
represéntation of the prior -art Left Front Right (LFR) matrix el enent
fromthe 89 patent and Dol by Pro- Logic, scaled by.71 so the m ni mum val ue
is -0.5 and the maximumvalue is + 0.5; FIG 7 is a three-di nensional
graphi cal representation of the square root of the sum of the squares of
the prior art LFL and-LFR fromthe 89 patent, -6 REPLACEMENT SHEET | 0 2
MAY 2000 , scaled so the maximumvalue is one; FIG 8 is a three

-di mensi onal graphical representation of the square root of the suniof the
LFL and LFR matrix el enents from application No. 08/ 742,460, scaled so the
max value is 1; FIG 9 is a three-dinensional graphical representation of
the Left Front Left (LFL) matrix elenent in V1.11; FIG 10 is a
three'd'{{‘ﬁ{&ié}f@'Pa&ft%@hsﬁbvé 'iﬁEmLaZ:?ﬂ&'&tfbfnlfx&ﬁnﬁ?x{ljﬂo%méntseé'ﬂk@éeed Left
Front Le trix el enment |nt e pres I nvent i on Is a graph

showi ng fdrentleleavWer préseinilthesd foFRulae ghaphicadlbnand igive ani explahatignt he

rear bou dar eft an rear; FIG 12 is a three-dinensional

gr aphi cat® %YE@%’%%‘T%PF dtélef‘fd‘ﬂ conpl eted Left Front Left (LFL)
matrix el errent In the present |nvent|on as viewed fromthe left rear; FIG
13 is a three- d| rrenS| onal raphl cal represent ation of the fully conpleted
Left FrohiAdiriefdescriptio ilegrng volbages: present invention: FIG 14 is
a three-dinengj apfmc | § d sum
of LFL and LFR accorgfnng toil‘[ eggé%zg%%lnv nt |é)§ngﬁd l&%rlé;&iégvg&'f%ﬁ

t hr ee- di thenbgernidhmofite madio ofdhedefirinput empditutlb at $eprainal 92dotthefrighte sum

ncl udi OGS BBHPRT rErEEAD e dnd BYbios Y AR enTERE I PREY .

16 is a ghplitudé evithe dwféﬂwcbensﬂtmmec qmvees‘cmlﬁgaheinmkretléme@&eﬁrem s that

shoul d- be useqd in a prior by Prq-Logi c decgoder as
conven?ent to exri)press lﬁ' }s as angles t}gat vary ?rom +45 degrees to --45

degrees. In the decoders of V1.11 and V2.01 these voltages have the units of
decibels. We can convert the steering parameters to angles, where .

Ir= 90 — arctan (10~ (({/r)/20)) ' ...(1a),

cs =90 — arctan (10 ™ ((c/s)/20)) ...(lb)i

The angles Ir and cs determine the degree to which the input signals
haveadirectional component. For example, when the inputsto the decoder are
decorrelated, both Ir and cs are zero. For a signal that comes from the center
only, Ir is zero, and cs has the value 45 degrees. For a signal that comes from
the rear, Ir is zero, and cs is -45 degrees. Similarly, a signal that comes from
the left has an Ir value of 45 degrees and a c¢s value of zero, and a signal from
the right has an Ir value of -45 degrees, and a cs value of zero. We will assume
in our design that the encoder that creates the encoded signal has the
properties that when we encode a left rear signal Ir = 22.5 degrees, and ¢cs =
22.5 degrees. Similarly, a signal applied to the right rear input to the encoder

produces values of [r=22.5 degrees, and cs=22.5 degrees.

-12-
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functigon of CSin dB, and with the dotted curve the actual value of the
center* matrix elenents in the Dol by Pro-Logic decoder; FIG 17 is a graph
showing with the solid curve the ideal value of the center matrix

el ements, and with the dotted curve the actual values of the -7 REPLACEt
EI NT SHEET 0 2 MAY 2000 center matrix elenents in prior art Dol by
Pro-Logic; FIG 18 is a three-dinensional graphical representation of the
square root of the sumof the squares of LRL and LRR, using the prior art
elements of V1.11; FIG 19 is a graphical representation of the nunerical
solution for GS(Ir) and GR(Ir) for constant power |evel along the cs=0
axis, and zero output along the boundary between |left and center; FIG 20
is a three-di nensional graphical representation of the square root of the

sum of the sgiy %‘P&é’fiehﬁ&;@ﬂgokgﬁa&ﬁi é/9a H%h\égiéf?\?atfi@ﬁ of# @ﬁ‘&’ﬁﬁt cancording

to the present invention I's a t ree-di nensi onal graphical
r epr eserhasaeonthoft thiestpni d‘mharabsoﬁd:retmiueef tr 40l ps nanoixbe geeater tbﬁnt he "~ 89

patent f chann degpder Dol b ro-Lo ode h can
Pea s o P Begrot cTpaifiveg yAesdsir 20 & forrunant agriounged bR aRe: coi
interc hallagagl of Ebﬁlrﬁ&bb&sa—%r&grdémy Ok £ §i§ﬁahtl€@d prodRices eahﬁésl g of
the Center Left matrix elenment in _Logic V1.11 decoders: FIG 23 is

a graph a8 Cffgth/ﬂttlhe plangthe bowndary ?ﬁ@lééﬁfﬁce@f‘pﬂf 10%%461 thatisnuat i on
needed f; LR ﬂQ{
attenuatl?'on Fggwgts?rﬁﬁn% pri ol}ﬁg?atél%o%}bgﬂgr 0- %g?%m eco Bgﬁqéﬁ 24 is a
graph shdireetgomi t h the solid curve the |deal center attenuatlon for the
"film strat accoy.di to th sen | nventi o t dashed curve
2 val et hat TPE SERliRRARRLRe T BaRE P ean g vRias S nbe i dbe RaEIR, he
center adleivumabifddtiéhe oved this dvdaotlhﬁeﬂﬁ@ﬁdersufrwcecomﬂagén?eqal theG 25
shows the center attenuation used in the "music" strategy in the_ present
i nvent i rlvatlon of the matrix elements will be different in the four quadrants of this

surface. In other words the matrix elements are differently described

depending on whether the steering is forward or rearward, and whether it is

to the left or the right. Considerable work is devoted to insuring that the)

surface is continuous across the boundaries between quadrants. The occasionall

lack of such continuity is one of the problems with the decoder of V1.11 that

this application will address.

3. Frequency dependent elements

The matrix elements shown in FIG. 1 are real and thus frequency
independent. All signals in the inputs will be directed to the outputs depending
on the derived angles Ir and ¢s. (In the current art low frequencies and very
high frequencies are attenuated in the derivation of Ir and ¢s from the input
signals by filters not shown in FIG. 1. However, the matrix itself is broadband.)

We have found in practice that there are several advantages to applying
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- 8: REPLACEMENT SHEET 0 2 MAY 2000 FIG 26 is a graph showing with the
solid turve the value of GF needed for constant energy ratios with the
"music" center attenuation GC of the present invention, with the dashed
curve the previous LFR elenent sin(cs)*corrl, and with the dotted curve
the value of sin(cs); FIG 27 is a three-di nensional graphical
representation' of the Left Front Right (LFR) matrix elenent in the new

i nvention, including the correction for center level along the | r=0 axis;
FIG 28 is a three-dinensional graphical representation of the Center Left
(CL) matrix element with the new center boost function;, and FIG 29 is a
graph which plots the output level fromthe left front output (dotted
curve) and the center output (solid curve) as a strong signal pans from
center t

left. tailed De | Qti t f '
desi gn pré¥BRYd Q%B?’:Eée&c{e?é?\%{gé H:%L@h% g{gn[a:fé % £ee§‘i g%é P |th§8§th (g]E §heﬁ%§
previ ousfrdgaeAey depbhdentciragitsal thdqshape stift néweddl 70 atehy righytsidet is
not possibl'e within the bounds of a docunent of

. | readabl e | ength t
conpl et edutputekBP iindFiGiel evhasbeen described i@l §h. ‘*FSnReAeRPelt“F?él%g\Iﬁmnt
coher ent | | tmor t ant el enents of the design
phi | osop?‘u ,4?hioév9 ?ﬁ%%%m{ehfg%%ligﬁcso utﬂll%gr%s' to the problens presented, and
make cl ai s @®@IG.h2 showsta ofige tdhotnrel eversign nefl thet additiondli frequercy may be

useful to consult our ., prayious.fil.in on this subject, but . it | d not
be essen‘f‘?%ﬁn. oBd, GHiC f£ '&X‘f’ﬁe tﬂﬁc‘ﬂgﬁg‘i‘érn‘%g‘a@'ﬁcgﬂ% i’?rﬂgxseéﬁ'%zg%:én t he
July " 96preglignbPHAADE el b3Baditt ib depéndén ottt Hd ¥t eSripigaritass Irdh dys0Thei onal

patent application has led to additiqgnal i.rTBrovements t hat have not yet
been - cirewitaesroERiiskigeraral purppges. Mypet, in ppthypditeshannetand agayencat i on

wi Il pr e&%ﬁnél%c%éi‘, BSEdtit AIna SRHEREs Alowife apparent loudness of the
rear channels to be adjusted when the steering is neutral (Ir and ¢s 0) or
toward the front (cs> 0). In U. S. Patent Application No. 08/742,460 this
attenuation was performed as part of the matrix itself. and was frequency
independent. We have found with theoretical studies and listening tests that‘%i
it is highly desirable for the low frequencies to be reproduced from the sides of
the listener. Thus in the decoder presented here only the high frequencies are
attenuated by variable low pass filters 182, 184, 188, and 190.

This is accomplished by attenuating the frequencies above 500Hz in the
rear channels by means of elements 188, 190, and above 4kHz by means of
elements 182, 184, when the steering is nearly always neutral or forward,
using a background control signal 186 to be defined later in this application.
Occasional presence of sounds that are steered rearwards reduces the
attenuation, a feature that automatically distinguishes surround encoded
material from ordinary two channel material. o

Further elements 192, 194, in the five channel version modify the

spectrum of the sound when the éteering is toward the rear (cs < 0) using the
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| nproved encoder and decoder of the present invention, and will nake clains
on the'novel features that have been added since U. S. Patent Application
No. 08/742,460. 1. General description of the decoder The decoder in this
application will be described as consisting of two separate parts. The
first part is a matrix that splits the two input channels into five output
channels. which are usually identified as center, left front, right front,
|l eft rear and right rear. The second part consists of a series of delays
and filters that nodify the spectrumand the |evels of the two rear
outputs. One of the functions of the second part is to.derive an additional
pair of outputs, left side and right side, when a seven channel version of
the decoder. is desired. In application No. 08/ 742,460 the second part was
not eXpléA?'sti fall f?ﬁ sdctP tALE 'thbol'?)%lds | Setf Erl'o\‘.ﬁﬂacf beHiAd the
additio g matri x elenents n the original matrix. In mathemati cal
equat i orl$sﬂéasc;e\tum@ theéir agtualipositiod isbe tidesi deeThvemhodifis leftesugranddr d

t ypogr aphi conventigns for nost vayiables, si i abl es .bej ng shown
el e Tl Biyebngrognaln pbper &) bvmninine A9 agn 08RG

MBL T i XEeSA AR R BRI Thid AkbuipRRNL ®2S BivietiP en d\/ﬂﬁﬁérxs&&t@&?rﬂfsthﬂshat are
coefficients froma nanmed out put channel resulting froma named i nput

channel distlospeeshown in normal upper case type. Sone sinple variables

such as 20 K1t BN LG DHaher LaHhgh JIotES N Gilnd St coet

products of two separate si e var| es. her vari cls do

in sonmlemmﬁsrﬁgbeﬂﬁatthbhérstademmfﬂferlsdfsz,rlm 1884 190;Ihet’erﬂmlte ahed
rati os, but

10 REPLA NT, SHEET 0 2 FLAY 200Q.in terns . of c r ol
i gnal VERReIGEETHERFIGR AT PRoHASHAILrGaT S Y NEEB Hhs RYERTIPB I nOREAR oF 50
been US%rbv'&rﬁhead&'iﬁ%%ouedsbyp@ﬁér%écl@?@uﬁat EGﬁtr‘mpHgﬁﬁl PS‘@ G]!‘K:‘.%d In
this docunent. Program seg;rents in the Matlab | anguage w al so

di st i nguatéapuatipniaieo pesul naadmr%f@mardﬁwmdamamw%wn be nazlﬁl%tﬁd by
LY 1 ATRR oD RO A38a BB AMEOE b8 B e 1o
f eat ur estotherear, additional circuits 202, 204, 206, 208, act to differentiate the side
outputs from the rear outputs. As steering moves rearward the attenuation“!
mentioned abovein the side speakersis first removed by elements 204 and 206--.
to produce a side oriented sound. As steering moves further to the rear the
attenuation of elements 204 and 206 is then reinstated and increased. The
result is that the sound moves smoothly from the front loudspeakers to the side
loudspeaker(s). and then to the rear loudspeakers, which have a delay of about
10 ms, produced by the delay elements 202, and 208. Since the low frequencies
are not affected by these circuits, the low frequency loudness in the side
speakers (which is responsible for the perception of spaciousness) is not

affected by the motion of the sound. Again, a later section of this application

will provide additional details of the circuitry in FIG. 3.
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described herein. FIG 1, which is identical to FIG 4 in U S. Patent
Application No. 08/742,460, shows a block diagramof the first part of the
decoder, a two channel to five channel matrix 90. The left half of FIG 1
partitioned by a vertical dashed |line shows a neans for deriving the two
steering voltages Ilr and c/s. These voltages represent the degree to

whi ch the input signals have an inherent or encoded directional conponent
in the left/right or front/back! directions respectively. This part of the
FIG wll not be explicitly discussed in, this application as it has been
fully described in the above patent applicatiron which.,i s incorporated
herein by reference. In FIG 1 the directional detection neans of decoder
90 conprising elenents 92 through 138 -is followed by a 5 x 2 matrix to

the righ f th ver.ti.cal |.he. The elenents of this matrix 140
t hr ough T epbril debEibhic of‘lﬁéﬁ% od I‘neach i nput channel that is linearly

combi ned wi t FIGhet shbws a blvpktdiagramelf 410 ehoodercdesigned tutautbmatitallyThese

matrix el ements, are _assupged to be real, (The ca of conpl ex atr|Xx
el enent S¥% IV&egmqtu'elm%T%}ntostwwe%n?t anpels: ?@w P«EP&“E%’F‘?’ZPZ,‘%GB“’&nd will

not be dy;pfdienednlons Sthe PhRoafRIddstiritle@Meh! £.25€ Patnk RBE(I)&BtiToBe N4
steering voltages I/r and c/s. U S. Patent Application . 08/742, 460
pr esent @B/f42460at Thalobjentofithe rfegr designds to prefEvebEVENFicBHBETAan@®s2 MAY

P e P eed nT e AT st S P TR f ' . f th
novel Ty ShEEfiEe shpelgrigipal whiteproiding el PRTiy8e uey Bhin fleh
present gHeaadginl fiveahagheioda dxtracteddyvhealecodpl . aTteé pviohi®énddilert hey

take the s e.they do, 2. A brief description of the steering voltages As
shown i MP slmijar gpls, buk EhREe bare hgen improyaments in the mathods useddo t he

| ogari t hypHibvé Peedettdals.Cfhd pﬁeéemti'gg R @dTRA BA14G e84 iRV Ahpditdnt t he

right 1nput anplitude at term nal , and the logarithmof the ratio of

t he sumindhs enceder:Qneoéthi primmanygeurnoses ofitlee eneodprds to butnmaticalt ri x

iLE”ﬁQ;?cggét%% t_v?é’lghﬁ%%f‘ﬂni&%feé%?é ¥nhnhefMeSldingS tRROWAR SR in'8hY from

ordinary two channel system with the same artistic quality as the five channel
original. The new encoder design includes active elements to ensure that‘g
musical balance is preserved. :

Unlike the encoder of the November ‘97 application the new design
allows input signals to be panned between any of the five inputs of the encoder.
For example, a sound may be panned from the left front input to the right rear
input. When the resulting two channel signal is decoded by the decoder
described in this application the result will be quite close to the original sound.
Decoding through an earlier surround decoder will also be similar to the
original. '

A detailed description of the encoder will follow in a later section.

5. Design goals for the decoder active matrix elements
The most basic goals of the current invention are identical to the goals

of our previous decoders, particularly the one described in U. S. Patent

-16-

REPLACEMENT SHEET

!
0 2 MAY 2000 i
i




degrees. In the decoders of V1.11 and V2.01 these voltages have the units
of decibels. W can convert the steering parameters to angles, where Ir=
90 -arctan (10 ™ ((Ilr)/20)) ...(1la), <c¢s =90 - arctan (10 ™ ((c/s)/20))
...(1b), The angles Ir and cs determ ne the degree to which the input
signals have a directional conponent. For exanple, when the inputs to the
decoder are decorrelated, both Ir and cs are zero. For a signal that cones
fromthe center only, Ir is zero, and cs has the val ue 45 degrees. For a
signal that comes from the rear, |Ir is zero, and cs is -45 degrees.
Simlarly, a signal that conmes from the left has an |Ir. value of 45 degrees
and a cs value of zero, and a signal from the right has an Ir value of -45
degrees, and a cs value of zero. W will assune in our design that the

ncode PRIPERER, NG, RTTEREB0%SSThUHyeifor 1y ARBERY AR Bl v

Sim | ar | avihgs vgfibleépnhtdd vHlulebesd icohbtrmgedi apad ialuceedireetidaally
produces val ues of|r=22.5 degrees, and cs=_22.5 degrges. -12 RF[PLACEI\/[L" EN i
SHEET 0 ¢negdedogpdio) compopentsdnqeytnits; whichareynot,directly,jpyalyed in

derivati r%glglg{né‘@ﬂeﬁsim tle ERndRq tﬁ’%@&i&ﬂ?&snfégﬂcé e cBionalls ebsiiedt e

val ue of I cS cannot be greater than 4 egrees. The all owed val ues
of |r anaudi® ¢oanpraestsinade dwipwde winiehtdre directly involyed inmepabdycisig=45

degrees. ;Any .i nput_ sSi | ;.that produces values of lr and es that |ie along
Che! bounthshy th ERE el ait AR L O RN ES il Riai5 e Rbtan ko WREp ot A aniekt %7
si ngl e sgigndld; Wihilbpsestaeing highledpdatioibefween thehsft aadirdght éhawedl on. I n
this application we w |l  nmake e>itensi ve use, of géﬁ%hs of, the magrix

el enent sCeFePPRARtS efRonsdivectional signals regardiass oktiie steeringsignals; and; ne

derivat i aiRfainffg e lotidele38TdUEndd lds fife €bid1Ca&dio pBwklGelOLbf Gl ant s

of this surface. In other words the matrix elenents are differently

descr i bediregtipoatisigmadseffretively eanstantwhether or not direstivmallyenended and
et e g kS s R e 2
quadr ant s. TIMoslcc,:ﬁS]hmmagqals are ostensibly shared by all matrix decoders. The
novelty in this application lies in part with knowing how to implement the‘@l
above rule more accurately, and in part with knowing when not to apply the‘-;
above rule. However much of the methodology of U. S. Patent Application No.
08/742,460 is retained. One of the most important of the previous goals is the
explicit maintenance of high separation between the left and right channels of
the decoder under all conditions. All previous four channel decoders are .
una‘blé to maintain separation in the rear, because they provide only a single
rear channel. Five channel decoders from other manufacturers compromise
separationin many ways. The decoder described in this application meets this
goalin a similar way as that of V1.11 - but it meets additional goals as well.
U. S. Patent Application No. 08/7'42,460 also describes many smaller
improvements to the design, such as circuits to improve the accuracy of the

steering signals, and a variable phase shift network to switch the phase of one

of therear channels during strong rear steering. These features of the decoder
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| ack of:«such continuity is one of the problens with the decoder of VI1.11
that this application will address. 3. Frequency dependent el enments The
matrix el ements shown in FIG 1 are real and thus frequency independent.
Al'l signals in the inputs will be directed to the outputs depending on the
derived angles Ir and cs. (In the current art |ow frequencies and very
hi gh frequencies are attenuated in the derivation of Ir and cs fromthe

i nput signals by filters not shown in FIG 1. However, the matrix itself

i s broadband.) We have found in practice that there are several advantages
to applying -13 RERLACENMENT SHEET LliiL frequency dependent circuits to
the signals after the matrix. One of these frequency dependent circuits -
t he phase shift network 170 at the right side output 180 in FIG 1 - has

been desgrihed in U S. Patent | i catjon. No 08/ 742,.460.and not Dpe
further S ddrresatpined ingPefsy dbign Bt pOLOG e feeregundnis domrbrat-
addi tional fraopeacy tHeM@BHEThpatlSighhl LIMGSthd R @rblsppited @b iR fixed
paranmeters. The fre uencgéand evel behavior is dependent on the steering

val ues |terariaales507hé and pdutespestivelyp i shd fegerdireqsly pothe addprs278i n both
a five ¢ . el 1 . ef. .t addj tjonal. el ement.s al | ow
The. appab it 282 RAe8u P8l iR BRE® oiBREPHTtires AVToRARL4d PUR Rt TR G

st eer i ngattenuatd3T2 béforabdingapplied to inpwts@fbbch hadets XTSand282l Thd. S.
Pat ent Appl j cation BP. 08A742,4$g,this attenuation was performed as part
of the n@wirgapeney etfectapignal Ll bdespassed thigughadain of 1\ inglementiRd4wi t h

t heoreti =Y =y n it is highly desirable for
théH qbgﬁea% Hdth A 278543 583

the low frequencies to be reproduce romthe sides of., the |istener.
Thus in the JBuoserroumdsimpuicsigeals bfland RS #regapplied dbnongls twocinput

tt ted h b able | filt 182, 184, 188, 1 .This i
scconp! | EnattelFes BB 4-RRnBiR R ea R s acenBtete RB A (b e siggal
channel sthypatiathraiglebtteiriatol 8378 AQS gadn Fs@Iey andiitie RS JiRAASpadses
el enents 182, 184, when the steering is nearly always neutral or forward,

usi ng a BHOREPGLROrIESROREING AtheRuater 380 withygnim &erirs) o Therputipuss of

appl i catiyide are passed into cross-coupling elements 384 and 886 having a gain factor
of -crx, where crx is nominally 0.383. The cross-coupled signals from theséf@
elements are fed to summers 392 and 394 which also receive the attenuated:
LS and RSsignalsfrom 0.91 attenuators 388 and 392. The outputs of summers
392, 394, are applied to inputs of the adders 278, 282. This positions the
elements respectively at 45 degrees left and right of center rear in the decoded
space.
The other signal branch passes the LS and RS signals through
‘attenuators 376 with gain fe(l,ls) and 882 with gain fe(r,rs) respectively, and
then throughasimilararrangement of cross-couplingelements 396, 398, 402,
404,406, and 408, the summers 406 and 408 having outputs representing left
rear and right rear inputs at 45 degrees left and right of center rear, as before.
However, these signals now each pass through phase shifter elements 284 and

246 respectively, while the left and right signals from adders 278 and 282 pass
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Ocecasional presence of. sounds that are steered rearwards reduces the
attenuation, a feature that automatically distinguishes surround encoded
material fromordinary two channel nmaterial. Further elements 192, 194, in
the five channel version nodify the spectrum of the sound when the
steering is toward the rear (cs < 0) using the -14 REPLACE ~ ENT SHEET FO
2 MAY 2000 yyl cls signal 196 such that the | oudspeakers seemto be | ocated
behind the listener, even if their actual position is,to the side. The
nodified | eft surround and right surround signals appear at term nals 198
and 200, respectively. Additional details of this circuit will be given in
a later section of this disclosure. FIG 3 shows the seven channel version
of the frequency dependent elenments. As before the first set of filters

outputs bhesmatiaseaBitearelemensag RER 244 ehbeRa el Bch  eheifis, The
backgr oupgire e Rlendd B all8fass Hltetr. tihd pRAE¥dsPBnse BOingQH) foF elémantdr €

forward sound i mage, and can be adjusted to the |listener's taste. As the
st eer i ng286pard Ff%dang eiE-90F sfori glements 2 rand 2486.t Galcplation pfdthe onal
circuits 202, 204, .206. 208 C ' ' | t rom
Che r ear coAPRRPRt voiBog redired B bndsd uisle SiP| RhSvwh 18 ¢ BFt, a8t Bt 0

above i npklieschiseed spEAke Mere SThe result dsokiattiy oatmimrifsuitesnd08Gmd t 0
produce a side oriented sound. As steeri%% rther to the rear_ the

f
at't elnua_t A08 are spusachite bgathose 26@dﬁ|§rst ﬁmﬁ?‘é ?\ggit‘éﬂ ?Qndegﬁtﬁ?lse%éal. Thﬁ
t t t
resuft | ﬁg&;&%ﬁﬁfg?%&%@%g@\gﬁoﬁgﬂ?ha aNl-HAL Tl 0P n bEwbiksl BUBBREAHEFFGL O the

side lou e rear | oudspeakers, which have a del ay
of about 4. Theeytputs ol atldpass ndtwordks 234 and 86 are2new cambiredin Sinmgeen he | ow

f ' t affect these. Ci its, .t f d
n the oPAB todisadugs e i ferford ousBRE skl @t rePioinal iy Whilp B Sipbuts™ e
spaci ouspefitters 248aind 288 aéé 86mbindd by ERinnist 280 tH prédutecthe/B torright) at er

section of this application wll provide additional details of the
circuitr 9u1:p}lq:qlgla13qt terminal 46.

The gain functions fs and fc are designed to allow strong surround
signals to be presented in phase with the other sounds while weak surrounci
signals pass through the 90 degree phase-shifted path to retain constant power
for decorrelated “music” signals. The value of crx can also change, and varies

the angle from which the surround signals are heard.

6. Design improvements since the application No. 08/742,460

One of the most noticeable improvements in the present invention
relative to that of U. S. Patent Application No. 08/742,460 is the change in the
center matrix elements and left and right front matrix elements when a signal
is steered in the center direction. We learned that there were two problems
with the center channel as previously encoded and decoded. The most obvious
problem is that in a five channel matrix system the use of a center channel is

inherently in conflict with the goal of maintaining as much left/right separation
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-15 FEEF EM1 E T F, EET AY 2000 4. Ceneral description of the encoder
FIG 4'shows a bl ock di agram of an encoder designed to autonmatically mx
five input channels into two output channels. The architecture is quite
different fromthe encoder described in U S. Patent Application No.

08/ 742, 460. The object of the new design is to preserve the nusical

bal ances of the five channel original, while providing phase/anplitude
cues that allow the original five channels to be extracted by the decoder.
The previous encoder  had simlar goals, but there have been inprovenents
in the nethods used to achieve these goals. The preser.vati on of nusi cal
‘bal ances is highly inportant in the encoder. One of the prinmary purposes
of the encoder is to autonatically create a two channel mx of a five

channel SSB85dbIY 1t tittnatdd Pl brdductly oBEHREOBAIDHHIR AR oRHEHET v 1

t he sane a tlstlc qual |ve channe he new encoder
desi gn i twé etieanekstereo ehmmls wihenetteutweo tihptit chauﬁels Haveahaneft/night

d. Unl t he der f t venber,, 97 a Ii t'o t he .new
s on ' STEGRST G Cestteh o it Ehe SR o6 the ietendighbut s o
t he encogffyut ctﬁemewam&@bom !EHél!lKi't WR¥odE BEgCsnd %H@H d&foaef iRpat | Nput

to the right rear _input. Wien the resulting two channe ignal is decoded
by the d@qéberrepqudwthmcqnﬁeg sppprare and@ounds thatwere mgnnaiév quix e

cl ose to; g %gp e ndwdecoder
w il al scl)'I Ege gléfr.iﬁ f&a{'ltgmr@ﬂam&%e%az{lgoybd al d%(g %ggé:ﬂfll{) |g%£€ h
encoder yeasult inwist be/that thé apparesﬂs(nosttmons of tHeeeisgandowild bfeQiraTmetcdﬂwder

active nmatrei nents T, Si ¢.go0als of th cur ent [nvention are
i dent i caﬁm‘%l)ét‘ﬁlet pEym- %?‘ g iwgﬂgh %bﬂoa%cﬂ’gs BP’L’ 2ap oudaegte
descri begf fhe déntér clhabwsll - 16 REPL ACEME T SHEET 0 2 MAY 2000 Application

. 08/742, 4 - "The i ention i s a surround sound decoder
No 6(? S. Patents Nos. 4,862,502 and 5,136,650 used matrix elements that

had a minimum value of 3dB compared to the left and right channels. When
the inputs to the decoder were decorrelated the loudness of the center channel
was equal to the loudness of the left and right channels. As steering movedﬁé
forward the center matrix elements increased another 3dB. The effect of this.‘
high loudness is to strongly reduce the width of the front image. Instruments
that should have sounded at the left and the right of the sound image are
always drawn toward the center of t_he sound image.

U. S. Patent Application No. 08/742,460 used center matrix elements
that had a minimum value 4.5dB less than the earlier values. This minimum
value was chosen on the basis of listening tests. This attenuation causes a
pleasing spread to the front image when the input material is uncorrelated —
as with orchestral music. The front image is not seriously narrowed. In U. S
Patent Application No. 08/742,460 as the steering moved forward these matrix
elements increased, ultimately reaching the values used in the Dolby matrix.

Experience with the V1.11 decoder showed that although the reduction

in center channel loudness solved the spatial problem, the power balance in the
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havi ng .vari abl e matri x val ues so constructed as to reduce directionally
encoded audi o conponents in outputs which are not directly involved in
reproducing themin the intended direction; enhance directionally encoded
audi o conponents in the outputs which are directly involved in reproducing
themin the intended direction so as to nmaintain constant total power for
such signals; while preserving high separation between the left and right
channel conponents of non-directional signals regardless of the steering
signals; and naintaining the |oudness defined as the total audio power

| evel of non- directional signals effectively constant.whether or not
directionally encoded signals are present and regardless of their intended
direction if present.” Mst of these goals are gstensibly shared by, al

matri x d@@memgnamneas not airegenved tthreugh the aaatrix. |Matherpatigak antYﬁ“knowl ng

how to | néto g?pf;})llétt ﬁét ,o%li’]g%@ag vllﬁliln?ﬁ ﬁ%@&c U %hﬁ’D@B?h'(ﬁc &f{g g“‘ﬂit&uknow' ng

when not bove r wever ogy of U.
S. Pat engreffigitd detodsrsNeere @340/ 44, irOr ) sPlaeh@omeally,(hh:hohghhﬁlmsnter

I nportant. of the previous als s the cit |nte nce,  gh
separ at |Q§W‘B&1\Mé%t?91éhl°§gt Hﬁblt}P‘? S]Eﬂ EQké‘eB’Fo ‘?ﬁ’éﬁ‘ﬁa‘g}e al |
condi ti 0fgng Adade! GY v td Weakh 86 pRbsétee Opl or %%.Pandénai‘-ﬁ@ pr6bIRL Ria N
separation In t%e rear, because the Erow de only a single rear channel.

Fi ve chapmtimdedacsgwsref fco'rﬂl@tdﬁ@pd%ﬂﬁ lertbe@éwim elbysdgeadex-ilon in
many wa The I n a
o 1 oy s, AABARRE Bty BESGHer R rbfl Uil PR SBRRR: PREH In bl decld

Pat ent Am)batéiitl No. HB620602.48s é6ﬂasaltsmdeentelrbdmmmhynusabbestrongqrrm/errent s
to the design, such circyipts to i.nprov he agc C teerlng

si gnal s, PERTATYP vawagﬁleﬂmaﬁ‘b AR Of POMRS MAITRPC i Lo &yﬁ'ilgefpﬁgwé

the rear &é}aa%h%nﬁm'ﬁmb&tns 88 theznols Rcbdér. DEIBY rekominté s ﬂfatttﬂfé
decoder -17 REPLACE NT SHEET } MAY 2000 V1.11 are retained in the

new desi gaundoppix mmnmwhgeléems@dlstﬁnttnut&tedmém«m irough theapatrix,(@ f r ont
i nput  si g{elﬁ atk Luf é)%a@e% eeu??f)é hadrikGan! a’lgéléoxhﬁéxgéa&éh%u‘i%g tife ﬁﬁfﬁ@

respecti rec to the
process. Unfortunately modern films are mixed for five-channel release; and

automatic encoding to two channels can lead to problems with the dié.log level.’

Additional analysis and listening tests showed that films and music
require different solutions to the balance problem. For films we found that it
was most useful to preserve the left and right front matrix elements from U.
S. Patent Application No. 08/742,460. These elements eliminate the center
channel information from the left and right front channels as much as possible.
This minimizes dialog leakage into the front left and right channels. In the
new “film” design the power balance is corrected by changing the center matrix
elements so the center channel loudness increases more rapidly than the
standard decoder as the steering moves forward (as ¢s becomes greater than
zero.) In practice it is not necessary that the final value of 'the center matrix

elements be higher than those in the standard decoder, as this condition is
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ang 282.:respectively, while the Csignal is first attenuated by a factor
fcn in® attenuator 372 before being applied to inputs of both adders 278
and 282. The |ow frequency effects signal LFE is passed through a gain of
2.0 in element 374 and then applied to both adders 278 and 282. The
surround i nput signals LS and RS are applied through two input termnals
62 and 64 respectively each to two separate paths: for the LS signal, the
pat h through attenuator 378 has gain fs(l,ls) and the RS signal passes

t hrough a corresponding attenuator 380 with gain fs(rrs). The outputs of
these are passed into cross-coupling elenments 384 and 386 having a gain
factor of -crx, where crx is nomnally 0.383. The cross-coupl ed signals
fromthese. elenments are fed to sumers 392 and 394 which al so receive the
at t enuat eejchedSvheml oRYy theneh terfohamr®] 34 aativenliaisordy 388 easary3diat thiee

out puts of su r 392, 394 e applied to i,nputs.of the adders 278, 282.
Thi 0 posFaniEhe IT¥A b8 Braneet, BncERe oFipndbrs AieSaet v PEp, AR 4Bt o
center rggpriximdtelyleqadbdevalpancthd RnebP@hanin@handthBClefPandesighte LS
and RS signhals through attenuators 376 with gain fc(l,ls) and 382 with

gain fc(?l,l-#fsl}ellsespect ively, and then through a simlar arrangenent _

of Cr 0ss- couplyig, £\& Rt gt%ﬁte%rzgh? %gﬁtTr ??élnnélloﬁmdﬁ%gsi gﬁnctte'%%ea%mr S

406 and 408 havi.ng outputs repr nting le rear a r t rear Inputs at
45 degr epeedeefé thea gowieg Mialad ceciantther inpartrsi gaal shwhdlecmin insizéng the témets

signal s now each pass thro phase shifter.elements 234 and .246

e Tnact i SRt hgans th SR RARRF aRtoutes THie STRE i Srobesgoator, a2
pass - 1f1ERkheFe MaNhafoiRide of\Mhé ctRiier EhaRbelisTBRAaRI0E] 484 aiA6RTEsmB86 and
288 respectively. Each of these phase shifter elepents is an all-pass

filter. Postiomsothepthamthe eantgyismetesnected.drhamajordigadyantags of tlis
f)-90 p s j ues

gul  ocrBbedy B TRRL AnftithVHorE P sigh@hichil ol Beckiify - COHPRR BBk

di scusseuhahyr types 6f pepulfinemusinu -t thes frdwdt ilhage dsimeurrewed. Howeyes th@s and

108 o Sk rh B O Blod (PR 575, B P et
FI G excellent power balance — outweigh this disadvantage. :
For music we adopt another strategy. In this case we allow the centerg"
channel loudness to increase at the same rate as in U. S. Patent Application‘
No. 08/742,460, up to a middle value of the steering, where cs > 22.5 degrees.
: To restore the musical balance, we alter the left and right front matrix
elements such that the center component of the input signals is not entirely
removed. The amount of the center channel component in the left and right
front is adjusted so that the sound power from all the outputs of the decoder
matches the sound power in the input signals - without excessive loudneés in
the center.
With this strategy all three front speakers reproduce center channel

information present in the original encoded material. The most useful version

of this strategy limits the steering action at the point that the center compdnent
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4:.:The:.out puts of all-pass networks 234 and 286 are now conbi ned in sunmer
276 to produce the A (or left) output signal at termnal 44, vhile the
outputs of filters 246 and 288 are conbi ned by sumer 280 to produce the B
(or right) output signal at termnal 46. The gain functions fa and fc are
designed to allow strong surround signals to be presented in phase with

t he ot her sounds while weak surround signals pass through the 90 degree
phase-shifted path to retain constant power for decorrelated "nusic"
signals. The value of crx can also change, and varies the angle from which
the surround signals are heard. 6. Design inprovenents.since the
application No. 08/ 742,460 One of the nobst noticeable inprovenents in the
present invention relative to that of U S. Patent Application No.

08/ 742, 4gPihinpit i§ BaBGRronperlia the eshtr siput thah éweither afithe to otinel ri ght
front matrix elements when a signal s .steered in.the center direction. W

| ear ned froat outpuis. JEhig if ggne Bym%iinwlﬂg f'ﬁ"%é’ct?ém’%?’a]é‘ﬁé’ﬁﬁ& as
previ ousl y enfﬂﬂ%vﬁ%aﬂ%éﬁgﬁﬂoyﬂgﬁﬁ@ﬁntgpﬁﬁgﬂﬁ?l (%?Jgn%ﬂrf‘e'ﬂtiﬁ cbhflfrbm a five

channel matriXx systemt se o center channe i nherently in
conf | i ct allithihed frent spéaleirs naidliniitingghe stearimg hetfion whemtthespnterntisGdB - 19

REPLACENMENT, SHEET .0 000, as, possible. 1f,the trlx i 0 _progduce a
sensi bl elWfsghap, he %8%@1 i%f'lgh?’\/\gurma%hte#o E?éefg%ﬁ%tt S Sl} ?:y %E)lse?lpt he
tWwo i Npuindi@nNnBbeh kA¢ede® fiwi-Ehdngdlt migsyanide 8 dinaey ciwd-cliaake nidkesrust be
driven with the sumof the left and right input channels. Thus both the

| eft decdeeqde with agstrhlgecentgny a&écmaﬁtﬁpﬁﬁpar&ki@ b?,t“fe@ﬁr g ceBtE t he
center SpRAKRL. ﬁapﬁ}gﬁowsaw%gﬁer eNJE Oinad! hyTiRE! Yrevidud BEcoRit €Y

right) channe so be repFoduc romthe center. The result nust be
t hat t hesepgrationt beivaieni cardenfandhlefe andnight i% deliberatelywnot completeniAddl e of

(1, 0Tk 58 b B e o R P ]
el ement snbbahe dther avayi atdtnd. v Fovenadic IHB kighphiterhltsephiwtioeahdasteble ght
f Egngglnts gqovx\gﬁg}ﬂgtg P:ﬁailz t[,lPl ts%rattgggtr g&exgseglﬁgv%rigl\{\seglﬁs (iiae‘ﬁ‘ocr‘fr c%lnﬁglgtge ée%%réﬁgg.” ess of
Listening tests with this setting on films reveal that although there is somé?
dialog coming from the left and right front speakers the stability of thei
résulting sound image is quite good. The result is pleasant and not distracting.
For this listenér hearing a film with the decoder set for music does not detract
from the artistic quality of the film. Listening to a music recording. with the
decoder set for film is more problematic.
Possibly the next most obvious of the improvements in this application
-is the increase in separation between the front channels and the rear channels
when a signal is steered to the left front or the left rear directions. The decoder
of V1.11 used the matrix elements of U. S. Patent No. 4,862,502 for the front
channels under these conditions. These matrix elements do not fully eliminate

a rear steered signal unless it was steered to the full rear position - half way

between left rear and right rear. When steering was to left rear or right rear

-23-

REPLAGEMENT SHEET

f
l% 02 MAY 2000




was equal to the |oudness of the left and right channels. As steering
noved; * forward the center matrix el enments increased another 3dB. The
effect of this, high |Ioudness is to strongly reduce the width of the front
i mage. Instrunments that should have sounded at the left and the right of
the sound image are always drawn toward the center of the sound i mge. U.
S. Patent Application No. 08/742,460 used center matrix elenents that had
a mninmumvalue 4.5dB |l ess than the earlier values. This m ninmum val ue was
chosen on the basis of listening tests. This attenuation causes a pleasing
spread to the front inmage when the input material is uncorrelated - as with
orchestral nusic. The front inage is not seriously narrowed. In U S

Pat ent Application No. 08/ 742,460 as the steering noved forward these

matri x Ghanfuil sedmdhedsfidor righitfaort yutmachadgnt ot pudl AddBs1assdatianrthiene

Dol by matri x. Experience wth._t V1.11 decodgr owed that .alfhou t he
reduct i ofrTefPRR Feéﬁa}}w&?t-|183§ﬁ8§§s%19§8nﬁﬁgigﬁ§?%mﬁ%"d’ﬁﬁte e power
bal ance e Wdtified G oREPAREENuSIEFIm (e frod YWwRBAGtbeMitE i8i iy isetaS not
preserved through the matrix. Mathematical analysis revealed that not only
was V1. 1hetween left reanand nighbsedy. decoder and our previous decoders were
also in error. Paradoxically, although the center channel was too strong
fromthe standpoint of reproducing the wwdth of the front image, it was

t oo weak7i Impreseanentptvilre mranatrix élemeniab| em was particularly severe
for the decoder of Mandel - the . standard, Dol by decoder. ard

Ip. the.s d
Dol by decoderlthdmpraversnts dpthe rear F’(ﬁ‘fﬁ’é‘re%?f"isna’ﬁﬁjpogémlaiﬁ pat ent
No. 4, 86gbelddstba tﬁ?fcﬁﬁubﬁeﬂé}@’l“hﬁﬂé Rhpfévdinehtd Borhedtrayidulitd@brd it tHY eserve
power bal ance. The | ack of power balance _in the center channel has been a
cont i nuafoptinpityafithe mptrinelementsaerass the bepundszigshetweenmtadrgatssound
m X engi i t | o)
the | ack“%?&séﬁfhﬂaﬁ%@ﬁﬁt%ﬁ @ﬁ%@%ﬁ%ﬁ%&&%ﬂg gf%éé'i‘*ﬁe
m xi ng pigvedsyndeintariousconditionsd rhathematicahdestiptaen b wagnize|
rel ease, Aan a 1.6 _encodi t. apnel s: can d to problens with
he ar ol SR thaR R CRSRR 1 R TRBI BaRr GARERE Shoed that 111 s
and nusi c ) ' y

3
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8. Detailed description of the active matrix elements
The Matlab Language

The math used to describe the matrix elements is not based on continuous

3

functions of the variables ¢s and Ir. In general there are conditionals, absolute
values, and other non-linear modifications to the formulae. For thisreason we
will describe the matrix elements using a programming language. The Matlab
language provides a simple method of checking the formulation graphically.
Matlab is very similar to Fortran or C. The major difference is that variables
in Matlab can be vectors — that is each variable can represent an array of
numbers in sequence. For example we can define the variable x in the
following way:
x=1:10;

[

emrvae
AT
pommReEP ‘

02 MAY 2000 |
| \ ]

I —
l

- -24- REPLACEMENT S CET

H S —



require.different solutions to the bal ance problem For films we found that
it was nost useful to preserve the left and right front matri x el enents
fromU S, Patent Application No. 08/742,460. These elenents elimnate the
center channel information fromthe left and right front channels as mnuch
as possible. This mnimzes dialog | eakage into the front left and right
channels. In the new "filnl design the power balance is corrected by
changing the center matrix elenments so the center channel |oudness
increases nore rapidly than the standard decoder as the steering noves
forward (as cs becones greater than zero.) In practice it is not necessary
that the final value of the center matrix elenents be higher than those in
t he standard decoder, as this condition is -21 REPLACEMENT SHEET 0 2 MAIL
2000 r edEhth&tﬁﬁcmbu ihMatlabtereatdsman stingofdenimembers withothhe vabmsssar y

that the _center ron tha the t andard decq there are
appr oxi rﬁ%wt%‘iﬂi‘al 'i‘ﬁ%\YéF‘éEi‘hxtlggl ten vatHes- gtrfﬂ‘féﬁ%ngg‘%fivﬂf Tifght

channel sy b&vltd"' (oifix. fAh%dﬁ;laﬁEFﬂﬁn{mﬁ‘ Wwihiflea€haRREIr éa&ilg@%%@eds%d'cﬁ'cr eased
to preser e power balance in the input signals, while mnimzing the

center mhaaipalatednorexanipleathe exprassian outputs. This strategy seens to
be i deal for flJ , Where the maj or use of the center channel is for
di al og, and |aI ogﬂfrom positions other than the center .is not expected.

The maj owilipebithafeunih wemharof therwactey xite theayalusd.i Yariehlasceansalso
Si 9.”' fi Cttaeﬁ)treg f{;wﬁtd?ﬁ hgﬂ)nalm fs{_@igfﬂ&:&le mgﬁﬁ t)ﬂeelﬁa xQQP"ﬂ

musi c - I mage 1's narrowe wever t ant ages

m ni rruma:hséagmgl irealsimpdlarntay:t he front channels and  excel |l ent power baI ance
- outwei gh tgg(? )dl foadvant age. For music we adopt another strategy. In this
case we all ow ﬁe cénter channel |oudness to increase at the sane rate as

inU S wmtaesﬂgn,aqm valaei Bhto tle segymdirowemd third golumn | thevmatrixX. t he
st eering, e Q i L we

S Ter T 1o S oI ERHER Sr enlmaPRL B VR E8lo D0 RS
conponenideatidabeoi ﬂmJﬂesenjpaba pusbhsheérihmeﬁéz;endee[rﬁ}v&me ili355 4 h:mthmtemf t he

Center R ehat DIB20sad. The biior Gifrefitees aPes |
1. Reference [2] includes the “tv matrix” feature. This feature reduces thé _
level of the rear outputs when the steering is forward or neutral. In this
application this function is achieved through the frequency dependent
circuits that follow the matrix. Therefore we have left out the “tv
matrix” correction.
2. The section on the center matrix elements has been modified to include
references to the “film” strategy, the “music” strategy, and a strategy
that limits the action of the “music” setting. Reference [21 described only

the “music” setting, without the limit.

9. Matrix decoders in equations and graphics
In reference [1] we presented the design of a matrix decoder that can be

described by the elements of a n x 2 matrix, where »n is the number of output
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front is adjusted so that the sound power fromall the outputs of the
decoder’ matches the sound power in the input signals - without excessive

| oudness in the center. Wth this strategy all three front speakers
reproduce center channel information present in the original encoded
material. The nost useful version of this strategy limts the steering
action at the point that the center conponent -22 REPLACEMENT SHEET 0 2
MAY 2000 ... ~. s of the input is 6dB stronger in the center output than in
either of the two other front outputs. This is done by sinmply limting the
positive value of cs. This new strategy - allow ng the center channel
conponent to cone from all three front speakers. and limting the steering
action when the center is 6dB |ouder than the front left and right, turns
out to behanmelsl duchfmrtpalticanyhreseenfas alinear cBmiblinationddchiei twe isipartsg!

m xes and, or di har wa- chapnel .m xes coewthastablecnter and
oquar TLERE HAF HRISERE Bh Chn T com DRSS Sty oPey i Elements G

Not e t haghe/mlaitkE. mﬁm%aea@a@&éﬂ%g aré%ﬁﬁbar&y@% 14551 dosilinhtiyd | eft
and right is deliberat not conpl ete intended to cone fromthe
left is eflepters: BGftfl}e@#PhﬂedQ?@mhgd&:ﬂmmbhnnb ndneevetmehennelrdm;iear ound.
For nusi a I g\ n ta ront_ i e that .this
strat egy@okp&é@r@%g dif he‘ﬁﬁ ?ﬁgp(ﬁ\ gﬂ?(i’p tgc%r‘r’% ef?%a%%epl r*§t O ¥ 46 o1 é?e‘iheng
tests w friequbnsy gmptenrlgnmpa‘rtldfstheedeed;déﬂ;a;‘o Rétdareglwilln@sserilse 80fiRe- di al og
com ng fromthe, | eft ang'rlght front speakers the stability of the

resul tin AecAdgEOPY - quite good. The result is pleasant and not

di stracting. 1tfebbbidus friost 8PRIMERT tHME @efﬂéemeul &éhcfrh?e énggp@ﬁsvﬁﬁtoff or

nmusi ¢ does not detract fromthe artistic qualit zh m Listening to
a nusi c PRlycridielements h thacentiex elements; thetwoile fwgnhalesnpntﬂalaadchec

PoSSi bl Yyl o8 thr ERShe R BriBhe lenbBY SHPRRIP pid 1RES AR Leation i

the increase in separatlon bet ne S an
when a ssgﬂahlngtlmEbnéx:tytafleftaﬂchhghtr’bheseoarlehimtbaié rear directions. The

?g(r: O?ﬁ; ?fr?.]; nt\fﬂhe ma ﬁ%%léglgnt or {;he fe&rﬁigﬁi cﬁfanrllJél t% thlzaéeer?éerlg%tpﬁt 862,502

CR: Thematrixelement for the Right input channel to the Center output
LFL: The Left input channel to the Left Front output
LFR: The Right input channel to the Left Front output
LRL: The Left input channel to the Left Rear output
LRR: The Right input channel to the Left Rear output

These elements axe not constant. Their value varies as a two
dimensional function of the apparent direction of the input sounds. Most
phase/amplitude decoders determine the apparent direction of the input by
comparing the ratio of the amplitudes of the input signals. For example, the
degree of steering in the right/left direction is determined from the ratio of the
left input channel amplitude to the right input channel amplitude. In a similar
way, the degree of steering in the front/back direction is determined from the
ratio of the amplitudes of the sum and the difference of the input channels. We

will not discuss the method for determining these steering directions here,
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channel s under these conditions. These matrix elenments do not fully
elimnate a rear steered signal unless it was steered to the full rear
position - .half way between |eft rear and right rear. Wen steering was to
|l eft rear or right rear -23 REPPLACE AE-i T SHEET 1 0, (not full rear)
the left or right front output had an output 9dB | ess than the
corresponding rear output. In the present invention the front matrix
elenents are nodified to elimnate sound fromthe front when steering is
anywhere between left rear and right rear. 7. Inprovenents to the rear
matrix el ements The inprovenents to the rear matri x el enents are not

I mredi ately obvious to a typical listener. These inprovenents correct
various errors in the continuity of the matrix elenents across the

boundar i gghbaghdcsyicTalbcatbss difféiettonl stanidapd Aéod&xes fipnuiicdirtlpie hoket ween
steered signals and_unsteered signals under various conditions. The

mat hermat PRig|is dougr | Weiagsunre that theisipering direskians have hieen dategminad) at er

i ncl udes | ; : ' LRt ' trix
el ot s oThe e ERRAREL hodk diTELabREE: ERERE Db dll SRR T T
i s not bdiredtion (ydnandovedor thefrondfmcf(cemerianirabhdbdirectiod (2s). The

gener al %her ar e ond'IionaIs,i ab(fol utg v%ees ag\f ot her non-|inear

Todi {1 catTORET I AiFerbiontate Seed vanables, When hothn ndictare sra the ma 11 x

el ement sinjitiggRaldar@aisteated -Uhat g ehe the ilYplik ehanhalRaiRIMm ddrPYIadesd. @
si npl e met hod_ of checklng the forpulation_graphically. WMtlab is very
¥

simlar to FoVkenthginpul epnsishs of aginglesigral whichhhas hean dinestionapiyvat | ab

can be vggisded thd Ralo Ft%e?ﬁ?é" d‘{PJd%?oltﬂr?ghgﬂée‘ t&g{r}ir gﬁa%fgfmﬁﬂ \?e{lﬁg.y Iﬁ{)vﬁ\%inber S

in sequence. For exanple we tan X In OW ng
way: x -unden;theps mEmiitiansEthegHEFT ndl2 inddpéndent. The advantage to

representing the steering values as angles is that when there is only a single

signal the absolute value of the two steering values must sum to 45 degrees.
When the input includes some decorrelated material along with a strongly
steered signal, the sum of the absolute values of the steering values must be;
less than 45 degrees.

lir +lesl< a5

-..(2)
If we plot the values of the matrix elements over a two-dimensional plane
formed by the steering values, the center of the plane will have the value 0, 0)
and the legal values for the sum of the steering values will not exceed 45 . In
practice, due to the behavior of the non-linear filters it is possible for the sum
to exceed 45 — the application No. 08/742,460 claimed a circuit that limited the
lessor of Ir or c¢s so their sum did not éxceed 45 degrees. This claim will not be
further discussed here. We will assume the mathematics for the matrix
elements is well behaved during overruns. When we graph the matrix
elements we arbitrarily zero the values when the legal sum of the input

variables is exceeded. This allows us to directly view the behavior of the
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Thi:s specification in Matlab creates a string of ten nunmbers with the

val ues' of one to ten. The variable x includes all ten values. It is
described a vector, a 1 by 10 matrix. An individual nunmber w thin each
vector can be accessed or manipul ated. For exanple. the expression x(4) =
4; will set the fourth nmenber of the vector x to the value 4. Variabl es can
also represent a two dinensional matrix. Individual elenents in the matrix
can be assigned in a simlar way: X(2,3) =10; will assign the value 10 to
the second row and third colum of the matrix X The detail ed description
of the matrix elements that follows is nearly identical to the description
published in reference [2]. The text has been sonewhat inproved. The nmjor
differences are: 1. Reference [2] includes the "tv matrix" feature. This

f eat ur & JIgHGEaILNE th BYRhdRLy {iediBRy -@HbRYARROEGS Tl IAved Bt sbibrigly  Of war d

or neutral. ) application this function is achieved through the
f r equencsteesssigonl. The graphics weae creatied by Matlah. rintheMatlghlangnagray e

left out,the "t i X" : _ ! ! ; ve
el emrent B ssitrre Rt i X6, 6] rdHande MERRLIRGLIAY off ahdfe R 87 01
the "mute'l mloratitgn thedictual aaghgyalidiaHopefully thie witl not bef otédy" musi c”

setting. Reference [21 described only the "nusic" setting, wthout the
limt. confdeing decoders in equations and graphics In reference [1] we

present ed th@r@@ﬁ%@&ig@sf@%ﬁ%iﬁﬁ@@&@é %8k ﬁ%%ﬂn@ﬂer@ﬁ?ﬁfﬁ@ﬁgh?ﬂotrhe

rs
elements of a n x 2 matti x, ere n is the nunber of output -25-
REPLACENEthe3nEfTIx to @rstnongly stBered signalit- thah ipthe behauiprpfl theanatrix

comb! et ifa b5yt Wiy RS oGO £ Bl 435, |
el enent soutl 6ok .dWhier yeulstudyereil sigmals oeithezifilanor nfusiet you findidfatithece [ 1]
Cee oo R Lreh s s R TaSae e Fadte milE pSoPYEERLR" O
wobble around the middle of the plane - slightly forward of the center. The
behavior of the matrix under these condifions is of vital importance to the
sound. When you compare our elements to previous elements you can see a
striking increase in the complexity of the surface in the middle regions. It isi
this complexity which is responsible for the improvement in the sound.
Such complexity has a price. Our original 1987 design — see the 1989
patent — was simple 1;0 implement v'vith analog components. The new elements
aredesigned tobe almost entirely described by one-dimensional lookup tables,
which.are trivial in a digital iﬁplementation. Designing an analog version
with similar performance is possible, but not trivial.
In this application we contrast the several different versions of the
matrix elements. The earliest are elements from our 1989 patent. These
elements were used in our first surround processor, and are identical to the
elements of a standard (Dolby) surround processor in the left, center, and right
channels (but not identical in the surround channels.) In our design the

surround channel is treated symmetrically to the center channel. In the
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f requency dependent part of the decoder, so here we will describe a five-
channel’ decoder only. It is obvious fromsymetry that we need to descri be
t he behavior of only six elenents - the center elenents, the two |eft
front elenents, and the two left rear elenents. The right elements can
found fromthe left by sinmply switching the identity of left and right.
These elenents are: CL: The matrix elenent for the Left input channel to
the Center output CR The matrix elenent for the Right input channel to
the Center output LFL: The Left input channel to the Left Front out put
LFR: The Right input channel to the Left Front output ,LRL: The Left i nput
channel to the Left Rear output LRR The R ght input channel to the Left
Rear output These el enments axe not constant. Their value varies as a two
di mensi opgdndd+aqiDoIby dedoder éResuiound dhe@iniePi t¥batdtEdiffdiéht OHAAEhidVbst
phase/ anpl i tude decoders determ ne the, agg.ar ent direction of the input by
conpar i niFstgevilbbe dissussed ah hgngthjdader i1 thisanpljnation.gnal s. For exanpl e,
the degree : i i [ ght f i i i i m t he
ratio of the ThepREetthiidetafedheiddrbicl sthGEbBol OB, ThRRRHES

anpl i t udthey arapsesantad sowhut thhandéepred wiflusiofthend the ridie zéroniatbek

. direction is determined fromthe atio the amplitudes of the sym and
the diff _Elreé?m‘é%tscﬂ“?ﬂ’éaﬂﬁslﬁe%ﬂ{’aﬁ&°%Qlfmﬂaictw&tthaie¥%tﬂ§§t§ e URAhYd f or
det er ni njéilel kP eShaRIhAh PhIuRUficalh d18hent is dRe BETLACHYENy shfeEIn a

~O2PAY2000 al t hough Logic 7 decoders differ from standard decoders

si gni fi cHmel yproducsuthe wealing abihe plementsnis tadditionallyt ¥eriedgindithect i ons

h b o , . ti I )
one. angl S BERIGh BFShedleB Fhdgtl tb s BRlseitEd Bold RS ANI SRR .l
(cent er / tabe scaildplaby appraprigtesdonstémts.t wo st eering directions are signed

vari abl es. When both Ir and cs are zero the input signals are unsteered
-that is, the two input channels are uncorrel ated. Wien the input consists

of a si nybeThieqoft frht finthncelbfRMtelin 66+1801tkit encoded the two steering
directions have their maxi numval ue. However .
Assume that cs and Ir are the steering directions in degrees in the
center/surround and left/right axis respectively.
In the ‘89 patent the equations for the front matrix elements are givené_
as:

In the left front quadrant:

LFL = 1-0.-5*G(cs) + 0.41*GUr) ...(3a)

LFR = -0.5*G(cs) ...(8b)
In the right front quadrant: .

LFL =1-0.5*G(es) : ...(3¢)

LFR =-0.5*G(cs) ..(3d)
In the left rear quadrant (remember es is negative):

LFL =1-0.5*G(cs) + 0.41*G(lr) ...(3e)

LFR = -0.5*G(cs) ...(3)

In the right rear quadrant:
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under these conditions they are not independent. The advantage to
representing the steering values as angles is that when there is only a
single signal the absolute value of the two steering val ues nmust sumto 45
degrees. \Wen the input includes sone decorrelated material along with a
strongly steered signal, the sumof the absolute values of the steering
val ues nust be,, |less than 45 degrees. Ilr) +lcsls45 ... (2) If we plot
the values of the matrix elenents over a two-dinensional plane fornmed by
the steering values, the center of the plane will have the value (0, 0)

and the |l egal values for the sumof the steering values, will not exceed 45
. In practice, due to the behavior of the non-linear filters it is
possible for the sum to exceed 45 - the application No. 08/ 742,460 cl ai med
a circuit thauFLi=1t-adl5#8€cs)l essor of Ir or es so their sumdid ngBgpxceed
45 degrees. This claimwll not be further discussed here. W wl]| "assume
t he mat hemat |ICE§T'DF Oiv&Glesdrix elenments is well behaved during o8k} uns.

When we graphr&@‘i‘uﬁﬁiﬁhx(}(ﬁ'ﬁ%%fﬁéﬁer‘fﬁin%ﬁbéiéiegﬁﬁxfﬁtéﬁg??ttﬁ‘é 1939 oo waen the

| egal sum of the 1nput variables Is excee us |réctly
view t heabéfia\smplftﬁd medhenpatiélBr in 'the EQNWnBI-H:ETan&; fron/iBYt 2 DG 2l enment

| t he_bhound t t he .t t
St eored SPORRTromb o Semdel rsnateting tagh e forh B atnctoat Ko %nguage
the unst eeapsibotlspbiidive)iG(x) ¢8n bé%)mwhﬂf@yé Rqlfal t@@-hoqwfl WPRere)

vari abl e o be 1 nore than the actual %e val ue uIIytﬁrls WI|| not

be over | y/|aE@RaeEight and left mmltmwgﬁsd% %FFP)@I%&Q)@WQW termonsi der
| h h
only t eobﬁt@%ﬂe‘éhné&néﬂ@ u@?ﬂ%{(r&s(rlg?g gtl)qléfx?ﬁz[e};g b% é?%g& 8 h0a; s the

behavi or of e matri x el enme r surface Thi s
i s a funpatent; andemother willdbetgiven latdirdn tmsldecuniynt.eSée FIGnEIzmdrFHEt her

Lo Bty AL bR or B o RS el o0
sl i ght | ythrwesdimlendiohhtyapainst thelie and cs axes.

In reference [1] these elements were improved by adding the
requirement that the loudness of unsteered material should be constant
regardless of the direction of the steering. Mathematically this meansthat the.
root mean square sum of the LFL and LFR matrix elements should be a‘
constant. It was pointed out in the paper that this goal should be altered in
the direction of the steering - that is, when the steering is full left, the sum of
the squares of these matrix elements should rise by 3dB. FIG. 7 shows the sum
of the squares of these elements, demonstrating that the above matrix
elements do not meet the requirement of constant loudness. In FIG 7, notice
that the value is constant at .71 along the axis from unsteered to right. The
unsteered to left rises 3dB to the value one, and the unsteered to center or to rear
falls by 3dB to the value 0.5. This part of the graph is hidden by the peak at left.
The rear direction level is identical to that at the center direction.

In the application No. 08/742,460 and Reference [1], we corrected the
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behavi or: of the matrix under these conditions is of vital inportance to the
sound. 'When you conpare our elenments to previous elenents you can -see a,
striking increase in the conplexity of the surface in the m ddle regions.

It is this conplexity which is responsible for the inprovenent in the
sound. Such conplexity has a price. Qur original 1987 design - see the 1989
patent - was sinple to inplenent with anal og conponents. The new el enents
are designed to be alnost entirely described by one-di nensional | ookup
tables, which are trivial in a digital inplenentation. Designing an anal og
version wth simlar performance is possible, but not trivial. In this
application we contrast the several different versions of the matrix

el enents. The earliest are elenents fromour 1989 patent. These elenents
wler e useaim;plitﬁdé érirbfgd i? uFf(gu;?d bpr replacing, tlaeﬁd”uabﬁiohdehl(w)i li:xa:ctHeOnidteix g
el ements of a standard (Dol by), surgou processor in the left, center, an
ri ght cwrﬁmrss,cfﬁgh singg ai“déi?ﬂ’t’éFé ﬁ%g « 840F the repultingsaprh of the sum gesi gn
the surgeupds ' WERRL 12 t1oR L OR: In '
Lhe - 5o, SR Fhagiet che obiiBBlebisuiEl LIFIA6ha it WRIACHS oSBTy |

(Dol by) thecenimtianse(4adr (Hhdbkelowannel is treated differently, and this

issue wll b i squssed,at, | engt h l,at.er..in this apphicatign. The el ements
pr esent ed heﬁg&grtg‘en%qnsﬁ?%%ﬂ%o& 'g?tlflythsec%}téfﬁ r’l#%’é’ﬁg?gﬁ‘e plane.
pr esent ethegentiatriselto onetbeardihedeftereptedt.ne of the non-zero matrix

el ements_are for any given channel is one. In practice the elenents are
usual |y Fortheleft frantauadrapbim val ue of each el enment is one or less. In any

case, in a fliimak= QMR otderG@p) i ng of the elenments is additi onacfby
varied in the <calibration procedure. The matrix el ements presented here

should be asddiR& —-sin(¢m scal abl e by appropriate constants. 10. .Ttdb)l ef t
front Wé}éhee%ﬂ%?}énécﬂlaoﬂa'n%g patent Assune that es and Ir are the

steering directifons 1n tegrees'in the center/surround and left/right axis
respectivel y LRI =téms(c)9 patent the equations for the front matrjixel enents
are given  AY:pR = —sin(es) | ..(4d)
For the left rear quadrant: L
LFL = cos(~cs) + 0.41*G(Ir) | ...(4e)§'
LFR = sin(-cs) ...(4f)‘
For the right rear quadrant:
LFL = cos(—cs) | ..(4g)
LFR = sin(-cs) ...(4h)

11. Improvements to the left front matrix elements
In March pf 1996 we made several changes to these matrix elements. We

kept the basic functional dependence, but added an additional boost along the
cs axis in the front, and added a cut along the c¢s axis in the rear. The reason
for the boost was to improve the performance with stereo music that was

panned forward. The purpose of the cut in the rear was to increase the




| n.the lkeft front quadrant: LFL = 1 - 0.-5*Gcs) + 0.41*G (Ir) ...(3a) LFR
= -0.5*@cs) ...(3b) Inthe right front quadrant: LFL = 1- 0.5*@cs)
...(3c) LFR =- 0.5*@Ecs) ...(3d) Inthe left rear quadrant (renenber es
is negative): LFL = 1- 0.5*@cs) + 0.41*Ir) ...(3e) LFR = -0.5*G cs)
...(3f) In the right rear quadrant: -29 REPLACEMENT SHEET 0 2 MAY 2000
LFL = 1- 0.5*@cs) ...(3g) LFR =-0.5*@Fcs) ...(3h) The function G x) was
determ ned experinentally in the 1989 patent, and is specified

mat hematically in the 91 patent. It varies fromO to 1 as x varies fromO
to 45 degrees. Wen steering is in the left front quadrant U and cs are
both positive) G x) can be shown to be equal to 1-1rl /111 where rl and
111 are the right and left input anplitudes. x) can al so be described in
terns QlephPstish astwtbnAtiNé EFontsthénNelsi Hutb themaut ahantets efhenhetegebs. gi ven
in the 91 . patent, and another will be given later in this docunent. See
FI G 5 anusicivas pannesd tophgraaral representations of the LFL and LFR matri x
el enent t1 - di sionally against the Ir and cs axes. In

refer encs%&J[ g‘?ﬁggie%ﬁgﬁgkﬁﬂv\ere i nproved by adding the requirenent that
t he | oudnessLdfL sr(sbefrsed Onklt*€3 (la))*bbaatilecdde constant; regardl es®adf the

direction of _steering., Vat ically this neans that the rogt ,nmean

square sum oF‘tl‘Jliﬁé' ([Eﬁlneﬁgg*lyﬁﬁsﬂg{rﬁgﬁx el enents should be a consta .) It was

poi nt ed st therighefiaRuddiahtt hi s goal should be altered in the direction

of the steerﬁge-r{;hat IS, when the steering is full left, the sumof the
=rkge

squares of t sleg) BThaestli(es)shoul d rise by '3dB. FIG 7 shows(&Be sum
of the squar ¢l G—Qﬁ??cs‘ﬁ %q,(cgpnbnstrati ng that the above ['[p(t5rdj)x

For the left rear quadrant: -

LFL = (cos(—cs) + 0.41*G(ir))/boost(cs) ...(5e)

LFR =(sin(cs))/boost(cs) (50
For theright rear quadrant:

LFL = (cos(es))1boost(cs) ‘ ...(5g)'-.-i

LFR = (sin(cs))/boost(cs) | .(5h)

The function G(x) is the same as the one in the ‘89 patent. When
expressed with angles as an input, it can be shown to be equal to:

G (x) = 1-tan (45-2) e (6)

The function boost 1 (cs) as used in March 1997 was a linear boost of 3dB

total applied over the first 22.5 degrees of steering, decreasing back to 0dB in

the next 22.5 degrees. Boost(cs) is given by corr(x) in the Matlab code below

(comment lines are preceded by the percent symbol %).
% calculate a boost function of +3dB at 22.5 degrees
% corr(x) goes up 3dB and stays up. corrl(x) goes up then down again
for x = 1:24; % x has values of 1 to 24 representing 0 to 23 degrees
corr(x) = 10~ (3*(x-1)/(23*20)); % go up 3dB over this range
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et ement.s do not neet the requirenent of constant |oudness. In FIG 7, notice
that the value is constant at .71 along the axis fromunsteered to right.
The unsteered to left rises 3dB to the value one, and the unsteered to
center or to rear falls by 3dBto the value 0.5. This part of the graph is
hi dden by the peak at left. The rear direction level is identical to that
at the center direction. In the application No. 08/ 742,460 and Reference
[1], we corrected the -30 REPLACEMENT SHEET 0 2 MAY 2000 anplitude errors
in FIG 7 by replacing the function (x) in the matrix equations, with
sines and cosines: See FIG 8 for the resulting graph of the sum of the
squares of the corrected elenents LFL and LFR, which are described by the
equations (4a) - (4h) below. Note the constant value of .71 in the entire
right half okorrb@) glcarex), and the gentle rise to one toward the left
vertex. Fozeﬁ({ue Ieftb;ront quadrant: LFL = cos(cs) + 0.41*Ir) ... (4a)
LFR = -sin(cs) ... (4 For. the right fraont quadrant: LFL = cos(cs) ... (4c)
LFR = -si n(f?é}‘??{’.‘%sﬁﬁb‘f—‘&rdmf’ﬁzmlc %meeéél?‘swgﬁ?‘gm%df **& cos(-cs) +
0.41*1r) . corr@@)141FR = sin(-cs) ...(4f) For the right rear quadrant:
LFL = cos(- C3drrix) Bek48-FR = sin(-cs) ...(4h) 11. Inprovenents to the

| eft front maatrix el ements 1n March of 1996 we nmade several changes to
these matri X el enents. We kept the basic functional dependence, but added

an addi t i onalSebdBi3. Qfenthe plot ofsLELi resulting dram eeuationg. (Saktédle). Netet al ong
e o notiied theied8t a6 Bhe sflbiild RRREs ehhrd BntBR92 hpifisa bch R thd /1°

= 0 axis, and along the left to center boundary. Note also the reduction in level

as the steering moves to the rear.

The performance of the March 1997 circuit can be improved. The first
problem is in the behavior of the steering along the boundaries between left and
center, and between right and center. As a strong single signal pans from the
left to the center, it can be seen in FIG. 9 that the value of the LFL matri:g
element increases to a maximum half-way between left and center. Thisz

‘ .increase in value is an unintended consequence of the deliberate increase in
level for the left and right main outputs as a center signal is added to stereo
music. '

When a stereo signal is panned forward it is desirable that the left and
right front outputs should rise in level to compensate for the removal by the
matrix of the correlated component from these oﬁtputs. However the method
used to increase level under these conditions should only occur when the Ir
component of the inputs is minimal ~ that is when there is no net left or right
steering. The method chosen to implement this increase in March of 1997 was

independent of the value of Ir, and resulted in an increase in level when a

strong signal panned across the boundary.
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panned- forward. The purpose of the cut in the rear was to increase the -31
----------- F IT SHEET (c) SAY 2000 separation between the front channels
and the rear channel s when stereo .nusic was panned to the rear. For the
front left quadrant: LFL = (cos (cs) - 0.41*EIr))*boostl (cs) ...(5a) LFR
= (-sin(cs)) *boost 1(cs) ... (5b) For the right front quadrant: LFL =
(cos(cs))*boostl(cs) ...(5¢) LFR = (-sin (cs)) *boost 1 (cs) ... (5d) For
the left rear quadrant: LFL = (cos(-cs) + 0.41*QIr))/hoost(cs) ... (5e)
LFR =(sin(cs))/boost(cs) ...(5f) For the right rear quadrant: LFL =
(cos(cs)) Il boost(cs) ...(59):, LFR = (sin(cs))/boost(cs) ...(5h)" The
function x) is the sane as the one in the 89 patent. Wen expressed
with angles as an input, it can be shown to be equal to: G (x) = 1-tan (45

[) X) ... f ( gzj The bfolust:isi fmmyg%ﬁedhlgﬁgzthaﬂru‘;gfhgdlédl meﬁhlrlf&&?om@smthé near
oost O B ota 1 ed. over t 1 rst egrees o st eering,.
decr easi Mft Eﬁ@i@“ﬁe‘é‘t fiﬁmt beibogstad: %Q‘Z‘ 15'0'@6@‘@@51’9 lysd by msing, an Qﬂ‘i‘/‘%ﬂe by

per cont vt abulfahafil QBRGNS mbiad of LRl WATARE § dBbaRAgRi fifet e
corr(x) Qaasia:rphﬁdﬁdamdahleaiylsh tlpa.fOIiwing(l\@tlzgumdeup then down again for x.=
0, =
N Ca(xe 1)/ AR and & 3 8e B0 R e S Ron oY RCevenT SikET
(assume cs and Ir follow the Matlab conventions of varying from 1 to 46)
% find the bounded c¢/s
if (cs < 24)
bes = es-(Ir-1);
if (bes< 1) % this limits the maximum value
bes =1;
end
else
bes = 47-cs-(Ir-1); _
if(bes < 1) i
bes=1; :
end
end
If es < 22.5 and Ir =0, (in Matlab convention ¢s < 24 and Ir = 1) bes is
equal to cs. However as Ir increases bes will decrease to zero. Ifes > 22.5, as

Irincreases bes also decreases.

Now to find the correction function needed, we find the difference
between the boosted matrix elementsand the non-boosted ones,alongthelr=0
axis. We call this difference cos_ tbl_plus and sin_tbl_plus. Using Matlab

code,

a = 0:45; % define a vector in one degree steps. a has the values of 0 to 45
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0 2+MAY:2000 corrl(x) = corr(x), end for x = 25:46 % go back down for
corrl over this range 24 to 45 degrees <corr(x) = 1.41; corr(x) =
corr(48-x); end See FIG 9 for the plot of LFL resulting from equations
(5a)-(5h). Note that the boost as the steering noves toward center is
applied both along the Ir = 0 axis, and along the left to center boundary.
Note al so the reduction in |level as the steering noves to the rear. The
performance of the March 1997 circuit can be inproved. .The first problem
is in the behavior of the steering along the boundaries between |eft and
center, and between right and center. As a strong single signal pans from
the left to the center, it can be seen in FIG 9 that the value of the LFL
matrix elenent increases to a nmaxi num hal f-way between |left and center
This increakggees value is an unintended consequence of the deliberate

increase in _leyel for the left and rjght main outputs as a center signal
i s added tc?%t’e?’gb‘*azw:c% cPRXATHLEGTRYi@BS s gnal i s panned forward it is

desirable t FHow inh@fthe%?ﬂ%aﬁh%giﬁé fyﬁleé),ol%so\![v'%ﬁ a%h;@xlél lfl)dfs. ?{gg%& ilo?vel to

conpensate for the renoval by the matrix e correlate nponent from
t hese out pthe.frblbhever the nethod used to increase |evel under these
condi tions shoﬂ)g_on{é%aﬁﬁpur when the |Ir conponent of the inputs is
mnimal - tH8% Wh ere is no net left or right steering. The nethod
chosen to idgy eWBn cbéfad )t NCrease in March of 1997 was independent of the
value of ir, and resulted in an increase in | evel when a strong signal
panned acr &es_thl_pbimaaegs(all3corrl(a+l); -~ R PLACEhET SHEET | 0 2 The

Dot k<o RSB oA B s Cod i K B
additive cos_tbl_minus = cos(al)./corr(a+1);
sin_tbl_plus = sin(al).*corrl(a+1);
sin_tbl_plus = sin_tbl_plus - sin_i:bl; % this is the one we use
sin_tbl_minus = sin(al)./corr(a+1);
The vectors sin_tbl_plus and cos_tbl_plus are the difference between;
a plain sine and cosine, and the boosted sine and cosine. We now define .=
- LFL = cos(cs) + 0.41*G(Ir) + cos_tbl_plus(bcs) ...(7a)
LFR = -sin(es) - sin_tbl_p1lus(bcs) ...(7b)
LFL and LFR in the front right quadrant are similar, but without the

A

+0.41*G term. These new definitions lead to the matrix element shown
graphically in FIG. 10.

In FIG 10, notice that the new element has the correct amplitude along
the left to center boundary, as well as along the center to right boundary.

The steering in the rear quadrant is not optimal either. When the
steering is toward the rear the above matrix elements are given by:

LFL = cos_tbl_minus(-cs) + 0.41*G(-cs) ...(8a)

LFR = sin_tbl_minus(-cs) ' ...(8b)
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termto.the matrix elenments, instead of a nmultiply. W define a new
steering index, the boundary limted cs value with the follow ng Matl ab
code: Assune both Ir and ¢cs >0 - we are in the left front quadrant

(assume cs and Ir follow the Matlab conventions of varying from1 to 46) %
find the bounded c/s if (cs < 24) bcs = cs-(lr-1); if (bcs< 1) %this

limts the maxi numvalue bcs = 1; end else bcs = 47-cs-(Ir-1); if (bcs <
1) bcs =1; end end If cs <22.5and Ir =0, (in Matlab convention cs < 24
and Ir = 1) bcs is equal to cs. However as Ir increases bcs w il decrease

to zero. If cs > 22.5, as |Ir increases bcs al so decreases. Now to find the
correction function needed, we find the difference between the boosted
matri x el ements and the non-boosted ones, along the Ir=0 axis. W cal

t hi s differeMirRseqnatriblkldthentodd very iddrlplidentithl ttothdéleatentedtlahea =
0:45; % define a vectqQr in one degree steg; a _has the val ues of % to 45

34- REPL A8Rwatent feemsider thecagewben@ strepg signalpansfromlefisiareas, {htvert to

2021 B A oSO kool
from the front left output only when this signal is fully to the rear (¢s = -45, Ir
= 0). However in a Logic 7 decoder it would be desirable that the output from
the left front output should be zero when the encoded signal reaches the left
rear direction (¢s = -22.5 and Ir = 22.5). The left front output should remain at
zero as the signal pans further to full rear. The matrix elements used in March
1997 - the ones above — result in the output in the front left channel being
about -9dB when a signal is panned to the left rear position. This level
difference is sufficient for good performance of the matrix, butitis not as good
as it could be.

This performance can be improved by altering the LFL and LFR matrix
elementsintheleft rear quadrant. Notice that here we are concerned with howi:;
the matrix elements vary along the boundary between left and rear. The‘
mathematical method given in reference [1] can be used to find the behavior of
the elements along the boundary. Let us assume that the amplitude of the left

front output should decrease with the function F(¢) as ¢ varies from 0 (left) to

—~22.5 degrees (left rear). The method gives the matrix elements:

'LFL = cos(t) *F(¢) —/+ sin(?) *(sqrt(1-F(¢) ~2)) .;.(9a)
LFR = (sin(f)*F(¢) +/- cos(¢)*(sqrt(1-F(¢) ~ 2))) ...(9b)

If we choose F(t) = cos(4*t) and choose the correct sign, these simplify to
LFL = cos(?)*cos(4*t)+sin(¢)*sin(4*¢) ...{(9¢c)
LFR = (sin(f)*cos(4*t)-cos(¢)*sin(4*¢) ...{9d)

See FIG 11 for the plot of these coefficients LFL (solid curve) and LFR
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cos tbl.:= cos(al); cos_tbl _plus = cos(al).*corrl(a+l); cos_tbl_plus = cos
tbl _plus - cos_thl; %this is the one we use cos tbhlmnus =
cor(al)./corr(a+l); sin_tbl plus = sin(al).*corrl(a+l); sin tbl plus = sin
tbl _plus - sin_tbl; %this is the one we use sin_tbhl mnus=
sin(al)./corr(a+l); The vectors sintbl_plus and cos_tbl _plus are the

di fference between-; a plain sine and cosine, and the boosted sine and
cosine. W now define LFL = cos(cs) + 0.41*@lr) + cos.tbl plus(bcs)
...(7a) LFR = -sin(cs) - sin tbl_plus(bcs) ...(7b) LFL and LFR in the

front right quadrant are simlar, but without the +0.41*G term These new
definitions lead to the matrix el enment shown graphically in FIG 10. In
FI G 10, notice that the new el enent has the correct anplitude along the

left to eqstsea cheve)ddiainstAs (TRk!slidht it6H ih B eGRIHARE id Qub tgbhe RBYSWR Y. The
steering in the rear quadrant. is not optimal either. \Wen the steering is

toward t pBampeint ahd24bdreresast singe ellansgles in Madph ageiptegers.)= cos

t bl m nus(-cs)mit. 0. 41* K - . a = i j - .

35- REPLA,CENEI\P%“%‘% Woxk whE S hhetEohe et Bubil (R lbe68 bmoo Wﬁyﬁtg’)ar ly
i dent i caketmasé beacies feoin0 tc122 5adegréds pWieemant tlhesutiput tdiremaeatbero a
strong signal pans fromleft to year. The °89 elenments wer esi gped so
that thep&t %s@&ﬁmge%oetwérmi%ﬁ dssreteﬁéoégt%we% {frehe ) 14\gRe thia
out put ophy; ¥ Bdimdlasygnal is fully to the rear (cs = -45, Ir = 0)
However 1n a Logic 7 decoder it would be desirable that the output from

the left frorkFbutpsim(®houl d be zero when the encoded signal readh@® the

left rear di ti s =-22.5and Ir = 22.5). The left front t
shoul d renai nf‘gg ggsr((%)cas the signal pans further to full. rear."‘?‘ﬁbe@)urratri X

el ement s usedNote tlatdhesd dthtrix élememte araladfae cryfesm the matkie eberhpnts i n t he
front | efa{oncgh&x% r|= B%iort]l%dary, where in reference [1] the values were
~ LFL=cos(cs) - ...(10¢)
LFR = sin(cs) : ...(10d)
Note that these matrix elements are designed to behave properly with{
a strongly steered signal - where both ¢s and Ir have maximum values. Thei
previous matrix elements were successful for signals where Ir is near zero —
that is stereo signals that have been panned to the rear. We need a method of
smoothly transforming the earlief.matrix elements into the newer matrix
elements as Ir and ¢s approach the boundary. A linear interpolation could be
used. In the processor used in Lexicon products, where multiplies are
expensive, a better strategy is to define a new variable -the minimum of /r and

cs, as defined by the Matlab segment below:
" %new - find the boundary parameter '
bp = x;
if(bp>y)
bp=y;
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about <9dB when a signal is panned to the left rear position. This |evel
difference is sufficient for good performance of the matrix, but it is not
as good as it could be. This performance can be inproved by altering the
LFL and LFR matrix elenents in the left rear quadrant. Notice that herewe
are concerned with how the matrix elenents vary along the boundary between
| eft and rear. The mathematical nethod given in reference [1] can be used
to find the behavior of the elenents along the boundary. Let us assune
that the anplitude of the left front output should decrease with the
function F(t) as t varies fromO (left) to -22.5 degrees (left rear). The
net hod gives the matrix elenents: LFL = cos(t) *F(t) -1+ sin(t)
*(sgrt(1-F(t) ~2)) ...(9a) LFR = (sin(t)*F(t) +/- cos(t)*(sgrt(1-F(t) ~
2))) ...(9b)end f we choose F(t) = cos(4*t) and choose the correct sign,

t hese sinply = X Axtytsin(t)*sin(4*t) ...(9c) LFR =

(si n(t)*C'E@gé%ﬁ:%ﬁhg@?ﬁﬁ%ﬁg@ﬁgf&p(%e&%&l eJélii—l}'G 11 for the plot of these
coefficientforkFl1:260lid curve) and LFR -36 x, T 5H. ET 0 2 MAY 2000
(dotted curvey =a8pi+@stx)860;( The slight glitch in the mddle is due to the
absence of ' s, sihece all les in Matlab are

i ntegers.) Tﬂ'ggghe néﬁ; n‘?bé(x\?ﬁtr:lg&\g\%?—lsm(a’f)ﬂé’o?(rg’gﬁtsaw%ﬂ’ output is reduced
snoot hl y t.oendzero as t varies fromO to 22.5 degrees. W want the output to
remai n at zfero=2846t he steering continues from22.5 degrees to 45 degrees

(ful'l rear.)ALofg+&biymgopart of the boundary, LFL = -sin(t) ... (10a) LFR
= cos(t) ...ﬁ_lOb% telh §1t_ th{-.\se ,matrié}( el epents are a far cry fromthe
matrix el emeffPB-PRNSRY-HNES [ lcoalag)-ain (a1 h(SPs (Qxh&F8 =iy of erence [1] the

val ues wereemdF. = cos(cs) ... (10c) LFR = sin(cs) ...(10d) Note that

these matrix WetRM deffiELESHMEFRIA tREDGURIRHANR:| Y Wi th
LFL = cos(cs)/(cos(cs)+sin(cs)) — front_boundary_tbl(bp) + 0.41*G(Ir)
_ _ | ...(11a)
LFR = sin(cs)/(cos(cs)+sin(es)) + front_boundary_tbl(bp) ..(11b)
Note the correction of cos(cs)+sin(cs). When we divide cos(cs) by this
factor we get the function 1~ 0.5*G(cs), which is the same as the Dolby matrix:‘
in this quadrant. When we divide sin(cs) by this factor, we get the earlier
- function +0.5*G(cs). | .
Similarly in the right rear quadrant:
LFL = cos(cs)/(cos(cs)+sin(es)) = 1 - 0.5*G(cs) - - ...(12a)
LFR = sin(es)/(cos(cs) +sin(es)) = 0.5*G(cs) ...(12b)
See FIGs. 12 and 13 for a graphical display of these values.
In FIG 12, which views the coefficient graph from left rear, note the large
correction along the left-rear boundary. This causes the front left outi)ut to go

to zero when steering goes from left to left rear. The output remains zero as the
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a-strongly steered signal - where both cs and |Ir have maxi num val ues. The
previous matrix elenents were successful for signals where Ir is near zero
- that is stereo signals that have been panned to the rear. W need a

met hod of snoothly transformng the earlier matrix elenents into the newer
matrix elenents as |Ir and cs approach the boundary. A |inear interpolation
could be wused. In the processor used in Lexicon products, where nmultiplies
are expensive, a better strategy is to define a new variable - the m ni num
of Ir and cs, as defined by the Matl ab segnent below. %new - find the
boundary paraneter by=x; if (bp >y) bpy; -37- REPLACEMENT SHEET MNAY
2000 end and a new correction function which depends on bp: for x = 1:24
ax = 2*pi *(46-x) 360; front_boundary tbl(x) =

(cos(ax) st%e?ﬁ?(i) ddreSssape Al 'i'(aéf‘)Alongeﬂije fpr= 0 axiddmtbi@the right rear

2*pi *(x-1)/36 front _boundary_tbl (x) = (cos(ax) sin (ax)) /(cos (ax) +sin
(ax)) quadmtttherfuueifmneumfm ¢ the Delbymattixadr ant as: LFL =

[FR = 4 n( oo FIE (126 Fbke the e p B PR 1068 b Joby bollatdey™ b workg 1271
correcti o cohjunrsionsyitdi ﬂ(e:LFL iatrixvelethent do kuep(ide) fromt bhipuf atzero we get
b U] i Qo gh et st e R P e LSRRt (b i bt
functi oniHP realSdeektion along the Ir = 0 axis and in the rear right quadrant the
element is identical to the Dolby matrix.
One of the major design goals of the design of the Logic 7 matrix is that
the loudnessin any given output of unsteered material presented to the inputs
of the decoder should be constant, regardless of the direction of a steered signal
which is present at the same time. As explained previously, this means that the
sum of the squares of the matrix elements for each output should be one,
regardless of the steering direction. As explained before, this requirement must,
be altered when there is strong steering in the direction of the output 1n
question. That is, if we are looking at the left front output, the sum of the
squares of the matrix elements must increase by 3dB when the steering goes
full left. The above elements also alter the requirement somewhat when the
steering moves forward and backward along the Ir = 0 axis.
However we can still test the success of our design by plotting the square
root of the sum of the squares of the matrix elements. See FIGs. 14 and FIG.
15 for these plots for the revised design.
In FIG. 14, note the 3dB peak in the left direction, and the somewhat
lesser peak as a signal goes from unsteered to 22.5 degrees in the center
direction. (For this plot we deleted the 1/(sin(cs)+cos(es)) correction in the rear

quadrant, so we could see how accurately the resulting sum came to unity.)

89-
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Sim:larly in the right rear quadrant: LFL = cos(cs)/(cos(cs)+sin(cs)) =1 -
0.5*@Fcs) ...(22a) LFR = sin(cs)/(cos(cs)+sin(cs)) = 0.5*@F cs) ...(12b)
See FIGs. 12 and 13 for a graphical display of these values. In FIG 12,

whi ch views the coefficient graph fromleft rear, note the |arge
correction along the left-rear boundary. This causes the front |eft output
to go to zero when steering goes fromleft to |eft rear. The out put
remains zero as the -38 1 2000 02 MAt steering progresses to full rear.
Along the Ir = 0 axis and in the right rear quadrant the function is
identical to the Dolby matrix. In FIG 13, note the large peak in the left
to rear boundary. This works in conjunction with the LFL matrix elenent to
keep the front output at zero along this boundary as steering goes from

| ef t r earThis peaklis a eesult ofitiee degldberatn bobhioftderleft airtiightoatmng diéngr = 0

axi s and i he rear .rig drang, t elenent ig identical to the Dol by
mat rix. f-Eronts A8 ﬁf&gﬁgﬁ{ Hbg}esor}g‘ﬁrﬂﬁéggﬁgissga‘etﬁmﬁ FEMIBHPEY GAogft ri x

i s that tbhihe, @80RESEhE BeRiyh Ghteht. THePE 1u8lin il ?é‘éxeféf%h%ﬁ#.t R gi2en! ed
to the inputs of _the decoder should be constant, regardless of the

di rect i ofiudte gayabcioc@ng; psathe vinpthed sisedetemroduce hthes bemente is Asn

expl ai ne 1 , i . the .sum of the squares of the matrix
el enent s%ﬁ-@é{é‘gﬁﬁéﬁttﬁ%w}z g‘&lﬁgﬁbéeg%tﬁg ?oo‘?'egardl ess of the steering

direction. AsleFiGailsedhbeimtecréd(nsiddle)lic eiphittaxisiblas the vallaeoad, vhen
there is st&on‘P gte ring in th(i tdlirection of the output in_ question. That
is, if weehRIEF VIERF Rgs the yalng O, thernar yertes has the valwed-5¢and thejlaftes of
t he matrivergdxaieE ke valak 1. 0L/ K86 HOpetkbh i ' full Teft.
The above el enents also alter the%ui ré%g?hggﬁeﬁgﬁ%ﬁggﬁg& steering
moves forward and backward along the Ir = 0 axis. However we can still test
the succqgs rol,aikudesi Rl MAhLiPh{ lEeiqyare root of the sumof the
squares O X TENTS.  SF . 14-and FIG 15 for these plots
for the revi SsEHedesirgmatrix elements in the ‘89 patent (except that we have

introduced ascalingby 0. 71 here to show the effect of the standard calibration

procedure) are given by:

i
H

For the front left quadrant

LRL = 0.71%(1 - G(Ir)) . ..(13a)

LRR = 0.71*(-1) ...(13b)
For the rear left quadrant

LRL = 0.71*(1 - G(Ir) +.41*G(-cs)) ' ...{13¢c)

LRR =-0.71*(1 + 0.41*G(-cs)) ' ...(13d)

(the right half of the plane is identical but switches LRL and LRR.)

The rear matrix elements in the Dolby Pro-Logic are (after similar

calibration):

For the front left quadrant
LRL =1-G(lIr) ...(14a)
LRR =-1 ' | ...(14b)
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In FIG 14, note the 3dB peak in the left direction, and the somewhat
| esser 'peak as a signal goes fromunsteered to 22.5 degrees in the center
direction. (For this plot we deleted the 1/(sin(cs)+cos(cs)) correction in
the rear quadrant, so we could see how accurately the resulting sum cane
to unity.) -39 REPLACEMENT SHEET O 2 MAY 2000 This peak is a result of
the deli berate boost of the left and right outputs during half-front
steering. Note that in the other quadrants the rms sumis very close to
one, as was the design intent. The value in the rear |eft.quadrant is not
quite equal to one, as the nethod used to produce the elenents is an
approxi mation, but the match is pretty good. In FIG 15, the unsteered
(mddle) to right axis has the value one, the center vertex has the val ue
0.71, the hfdlhe x has the value 0.5, and the left vertex has the val ue
1.41. Note the pea along the mddle to center axis. 12. Rear matrix
el enent s durLRBRd: #denG(Bdeering The rear matrix el enents in the...@%cpat ent
(except that ﬁ@lha e introduced a scaling by 0.71 here to shomuéaﬁ)effect
of the stand4P® Tali bration procedure) are given by: For the fr | ef t
quadranktl&&lgﬁtﬁaiﬂot(the;ﬁﬁhélaldentidﬁ%htsm&hesmﬂm atdMRR.) (13b) For the
rear left quadrant LRL = 71*(1-J | +.41*@ -cS)) (13c) LRR =
-0.71%(1 + ONgte thatthe Dolb)( gl@@)ent(&w thei9 elements atrn@abbaﬁtsquobaentuca|
but swi fr ts in the Dol by Pro-Logic
are (afteéhgg}r#nake%lkﬁabr -E{Ag‘rt\;) or thégf(ﬁggg@%]eft quadrant LRL = 1-Qlr)
.(14a) LRR = -1 ...(214b) -40

13. A briefdigression on the surround level in Dolby Pro-Logic

The Dolby elements are similar to our ‘89 patent elements, but without
the bbost dependent on e¢s in the rear. This difference is in fact quite
important, asafter thestandard calibration procedure theelementshave quite
different values for unsteered signals. In géneral our description of the matrix
elements does not consider the calibration procedure for these decoders. We
derive all the matrix elements with a relatively arbitrary scaling. In most
cases the elements are presented as if they had a maximum value of 1.41. In
fact, for technical reasonsthe matrixelementsareall eventually scaled so they
have a maximum value of less than one. In addition, when the decoder is
finally put to use, the gain of each output to the loudspeaker is adjusted. To
adjust them, a signal which hasbeen encoded from the four major directions
- left, center, right, and surround - with equal sound power is played, and the
gain of each output is adjusted until the sound power is equal in the listening
position. In practice this meaﬁs that the actual level of the matrix elements is
scaled so the four outputs of the decoder are equal under conditions of full
steering. We have explicitly included this calibration in the equations for the

rear elements above.
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REPLACEMENT SHEET | 0O 2 MAY 2000 For the rear left LRL = 1-(Ir) ...(14c)
LRR = -1 ...(14d) (the right half of the plane is identical but swtches
LRL and LRR.) Note that the Dol by elenments and the 89 elenents are
calibrated to be equal in the rear |eft quadrant when cs = -45 degrees.
13. A brief digression on the surround | evel in Dol by Pro-Logic The Dol by
el enents are simlar to our 89 patent el enents, but w thout the boost
dependent on cs in the rear. This difference is in fact quite inportant,
as after the standard calibration procedure the elenments have quite

di fferent values for unsteered signals. In general our ,description of the
matrix el enments does not consider the calibration procedure for these
decoders. W derive all the matrix elenments with a relatively arbitrary

scaling. In wfetamaﬁeféréﬁz% lﬁlﬁm&ﬁﬁ&slﬂiﬁémﬁﬁmebiea BF¥nBack@qmaxi mum
value of 1.41. In fact, for technical reasons the nmatri x el ements are al

event ual qopdsbane@ngbtmw Duning unstesredeonditionsthe ebynentafromrtde ‘BA
addi ti o e al | to use ai n f each out put
to the I gggkgﬁhggggp @é@eﬁ“ﬁ esgé]%&gh%ﬁﬂgﬁfeioé{hﬁé%e Eﬁaﬁigebeen

encoded \fa‘lﬁabf baef This isajdtitrde b thé Dotby redraflementsivdien dalli]ﬁhtecﬁrIdREUF round
- wWth equal sound p I s played, and the ain of each out S

adj usteﬁ*qﬁﬁhqu¥#§e§%¥}e ﬂlwfzqnq anddhe sym of fhe pguarasisd. opSé; lincaherl n
practi cqplghy ﬁle“%@])%tbh@ﬁ Nidte Baht'Bhe QTG at? nhpﬁcemtrﬁ' sﬂt@'ﬂ?@trﬁ *;ﬁle scal ed

so the four outputs of the decoder are equa |t|ons

st eer i nghathdoesnet eorpesnond tp & ‘ﬁ@blbﬂ&hnrhusd’b aasdnvamwnmwhemﬁlmaanxo ns for
the re S CEMENT SHEET 000 The 3

di ffer eﬁé éﬁl‘gﬁ&?ﬁ& Tﬁ%?’eoﬁi% Sﬁrr‘?ﬁ A_Pﬁ%‘? B’agflé‘eﬁpgﬁl Loj t%%& f'é%? ST OB t i on

i s not tshouldihavétlie ngluessfadl e\ coBg).tdmithd Pro-Bbgitamherik des: hBe mea?

at ent t he_val ue 71, _apd the sum of the sguares of the elenents has
{3 he q:%ls spec?ficatlon R result lns that wﬁen the A and B inputs are decorrelated

-

the rear output will be 3dB stronger than the others. If there are two speakers
sharing.the rear output each will be adjusted 3dB softer than a single rear
speaker, which will make all five speakers have approximately equal sound
power when the decoder inputs are uncorrelated. When the matrix elements
from the ‘89 patent are used, the same calibration procedure results in 3dB less
sound power from the rear when the decoder inputs are uncorrelated.

The issue of how loud the rear channels should be when the inputs are
decorrelated ends up as a matter of taste. When a surround encoded recording
is being played one would like to reproduce the balance the producer heard
when the recording was mixed. Achieving this balance is a design goal for our
decoder and encoder as acombination. However with standard steréo material
the goal is to reproduce the power balance in the original recording, while
generating a tasteful and unobtrusive surround. The problem with the Dolby
matrix elements is that the power balance in a conventional two channel
recording is not preserved through the matrix. The surround channels are too

strong, and the center channel is too weak.
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val ue of one. This is not true of the Dol by rear el enents when cali brated.
LRL has the unsteered value of one, and the sum of the squares is 2, or
3dB higher than the 89 outputs. Note that the calibration procedure
results in a matrix that does not correspond to a "Dol by Surround" passive
matri x when the matrix is unsteered. The Dol by Surround passive matrix
specifies that the rear output should have the value of .71*(A,,, - B;,,),
and the Pro-Logic matrix does not neet this specification. Aresult is
that when the A and B inputs are decorrelated the rear output will be 3dB
stronger than the others. If there are two speakers sharing the rear

out put each will be adjusted 3dB softer than a single rear speaker, which
will make all five speakers have approxi mately equal sound power when the
decoder inpu : B he 89
patent are uts’lg)d?é%ﬁgggg&%&%%‘%gpgﬁ%légpgte u%lgéfiﬁﬁggﬁﬁe%%eésgve sound
power f rave dreinmeirtothe detbderddaddonsistypeftthras eomponent, ahachcofedateslsue of
how | oudlﬁghe (ie%frhtchannel s,shoul d be when the inputs, are decorrel ated ends
up as a ITht #RF TIEAECQERONRfiANd, 2 SEPFTAA AN ASALEF IAtRdsemtAE comBoBeRhy pl ayed
one would |ilkge £a,reprmagee the bal ance the producer heard when g
recordi ng was m xed. Achieving this balance is a design goal for our
decoder and &hcTdk tas/18Ceonbi nati on. However with standard st er.éthat eri al
the goal is 0 t e, in the.ori.gi.nal recording, while
generating a%%fg‘hgﬂg%" %ﬁ%ﬁi%ésq g%log%r r%ﬁﬂﬂ%’eneltﬁgn?‘)lrsotﬁreeoms thaﬂ”tqﬂ‘g Dol by
matri x edcamenpewersin ithe rohm willdre fasipontionahtaLgdRv @)Ff#00g%. Ifall theenel
recordi ng_i S _not reserve&dthrou%g ”Ej' rrgtri . The surroun hannel s are
too st rERYPOLEEs  have Zaeehly. aandle pmplitpgdes. powps rataq plsdhe gembtert SHEET

F 0 2 Mvémpéientaothe leftplusPiHtddatpdtent Will BeSp2e, consider what happens
when we hav%van I nput. to the decoder that consists of three conponents, an

uncorrel ated W¢ é"f"c“léﬂﬂ‘er P'gmiee‘eﬁﬂyghemménee gouRe poxer i@nﬂlmmx:r‘githt ed
o LSRR el b ik B e e B 5 Pt B o o
t he C.. to L;, and R,,. We can express this mathematically. Essentially the equal
power ratio requirement will specify the functional form of the center matrix
elements along the cs axis, if all the other matrix elements are taken as given.
If we assume the Dolby matrix elements, calibrated such that the rear sound
power is 3dB less than the other three outputs when the matrix is fully steered
—i.e. 3dB less than the standard calibration, then the center matrix elements
should have the shape shown in FIG. 16. We can do the same thing for the
standard calibration, and the results in FIG. 17 emerge. |
In FIG 16, assuming the power ratios in the decoder outputs should be
identical to the power ratios in stereo, and with the rear Dolby matrix elements
calibrated 3dB lower in level that is typically used, notice that while the actual
values give reasonable results for an unsteered signal and a fully steered

signal, they are about 1.5dB too low in the middle.

In FIG 17, assuming equal power ratios to stereo given the matrix
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soyund power in the roomw /| be proportional to Lin' + Rn2+ Gn'. If all
three ‘conponents have roughly equal anplitudes. the power ratio of the
center conponent to the left plus right conponent will be 1:2. W would

| i ke our decoder to reproduce sound power ‘in the roomw th approximtely
the sane power ratio as stereo, regardless of the power ratio of GCn to
Lin and Rkn. W can express this nmathematically. Essentially the equal
power ratio requirenment will specify the functional formof the center
matrix, elenents along the cs axis, if all the other matrix el enents are
taken as given. If we assunme the Dol by matrix elenents, calibrated such
that the rear sound power is 3dB Il ess than the other three outputs when
the matrix is fully steered - i.e. 3dB less than the standard calibration,
then the ofid Mk maalmrstﬁmt@anysm i) Ib@i‘ﬁ? ﬁ&%&&aw&g@&ww@ Ebﬁce 16. Ve
can do the sane thing for the standard calibration résults in
FIG 17 thatrthe actnabvaues arammthgntﬂdB tmbwfoattalbﬁalunsbﬁes decoder outputs
shoul d be i tic 0 _the ower at?h i n stereo, the r Dol by
e o enenf BeBvpisferds AN FoshEming ik apeidare A3e offen e ol o

notice t hainehﬁthetihﬁxq&bpafed fb&|pﬂlﬁiﬁba£lﬂléltﬁ1£%$l§‘ﬁ?bbd.dgﬁé§}ét%nf &dn ﬁBed
unst eered si gnaIF a)[:q a fuIIy st eered gnal they are about 5dB too | ow
ﬁr

in the nifhesen udneps than gipixprepased fexpla y.bat:ke)% steyest &@o’egs n the
matrix %ﬁlpép%ws%-gnéplo%¥oggp&a?it§m%ragmﬂh oty Pf'é qpgactual ly

used in Dol by Pro-Logic (dotted curve not e actua ues are
nore t hade rt doohirallyythid is notituge oﬁh pessivEBelbyt Smnfomgmhiaex:odleowWe

sonet hin Xq 2€N eer.s are oQften aware of a,nm x _prepared for
Iaybackg'og]addﬁg?so B ﬁ%ngf}gﬁwfgw%ggbe °ﬁBL%‘" IB@%’E‘&FI?‘BGHE%SS than a
m x prepared for playback in stereo. Conversely, a mx prepared for stereo

w il Iosvcal clarlt when pl ayed over a Pro-Logic decoder. Ironically,
this is f¢ gitwo indepepden BHPUSBNd decoder. W will address this

i ssue again Wrm,mﬁ ?F&lﬂ%xﬂ@&ESBE}?EhmgélénFéxﬁgﬁﬁhstﬁ %159%?&%99&%

I ndependent rear s The major problemwth bo enents and

t he Dol bis téqaéﬁﬁﬁrgls onlyasmgle rear output. The ‘91 patent disclosed a method for
creating two independent side outputs, and the math in that patent was

incorporated in the front left quadrant in reference [1] of 1996 and the

application No. 08/742,460. The goal of the elements in this quadrant was to
eliminate the output of a signal steered from left to center, while maintaining
some output from the left rear channel for unsteered material present at the
same time. To achieve this goal we assumed that the LRL matrix element
'~ would have the following form:
For the left front quadrant _
LRL =1-GS(r)-0.5*G(cs) ...(16a)
LRR = -0.5*G(cs) - G(Ir) ...(16b)
As can be seen, these matrix elements are very similar to the ‘89
elements, but with the addition of a G(Ir) term in LRR, and a GS term in LRL.
G(lr) was included to add signals from the B input channel of the decoder to the

02 MAY 2000




is that there is only a single rear output. The "91 patent disclosed a

nmet hod for creating two independent side outputs, and the math in that
patent was incorporated in the front left quadrant in reference [1] of
1996 and the application No. 08/742,460. The goal of the elements in this
guadrant was to elimnate the output of a signal steered fromleft to
center, while maintaining sone output fromthe left rear channel for
unsteered material present at the sanme tine. To achieve this goal we
assuned that the LRL matrix elenment would have the follow ng form . For the
left front quadrant LRL = 1- GS(Ir) - 0.5*@cs) ...(16a) LRR = -0.5*¢cs)
-G lr) ...(16b) As can be seen, these matrix elenents are very simlar to
the 89 elenents, but with the addition of a G Ir) termin LRR and a GS

termin (9 i u [ f i . nnel of
e dectfireps S Braliie e kReBited IO A esb o bt Ll

out put , was psitng Faneved: Wis then esblvedfal theviahctiont G8(R)cehedritegion, was
bei ng repoved. We then sol ved for the tunctiogﬁ%érlreb@ the criterion, that

there sitbatthege ﬂw@reiémo ghgngd oufipuhwath g full igpghmoviRg fs50 1 r om
left 101661b%kntdl THALFRAa F6F GSHT) bhrd dt Hech bk ech?ac}% PR3 altRo&Eh! 1) .

al though a nore conplicated representation of the rmula is given in the
' 91 pat emnore thmplicated peprasensationofdhe formsilaim givervin thieffl] patent. n

referen 1] these elenents afe gaorrected by, bejng given a boost of
(si n(cs)cli%%ts %g%retsgnk%lgnsfﬁ%l}rﬁglsgggp og)eclgﬁﬁflé’ﬁ!‘ | oudness for unsteered
mat eri al . Win eefepente(E] thasecsleafdrith ard cofected bly Hdifplgidem st of he

correction is not very successful in the left front guadrant. See FIG 18.
( For trﬁ@w%rﬁcqﬂ(eﬁ (Bakerkhamelasar o ceerat Wudhess oR weshesradt he LRL

and LRRm Gle2{@Nt SWhile! E‘@m\g%e | (dbedstll ifil (hel GighPlrst (idldrhit ! BRe 1 ONt

| eft quadrant there is a along the line fromthe mddle to the

| eft vecowsectioniisnpel veryaswergssiddn the lefl frondquadrandn Peedel o dHey

bet ween thg Hgl‘ﬂ:qgoﬁ?ﬁ]ﬁg&ran@@%e@%&:@bﬁrﬁm%rle @démcéﬁ%rthe LRLand LRR
elementsin the ‘89 patent.)

In FIG 18, notice that in the front left quadrant there is a 3dB dip along
the line from the middle to the left vertex, and nearly a 3dB boost in the level
along the boundary between left and center. The mountain range in the rear
quadrant will be discussed later. For thisdrawingthe “tvmatrix” correction
in V1.11 has been removed, to allow better cbmparison to the present invention
in FIG. 20.

FIG. 18 shows several problems with the sound power. First consider
the dip in the sum of the squares along the ¢s = 0 axis. This dip exists because
of the functional shape of G(Ir) in LRR is not optimal. The choice of G(Ir) was
arbitrary - in the earlier design this function already existed in the decoder,
and its implementation in analog éircuitry is easy.

Ideally we would like to have a function GR(Ir) in this equation, and

‘choose GS(Ir) and GR(Ir) in such a way as to keep the sum of the squares of
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gquadrant will be discussed |ater. For this drawing the "tv matrix"
correction in V1.11 has been renoved, to allow better conparison to the
present invention in FIG 20. FIG 18 shows several problens with the
sound power. First consider the dip in the sumof the squares along the cs
= 0 axis. This dip exists because of the functional shape of lr) in LRR
is not optimal. The choice of Ir) was arbitrary - in the earlier design
this function already existed in the decoder, and its inplenmentation in
analog circuitry is easy. ldeally we would |like to have a function GR(Ir)
in this equation, and choose GS5(Ir) and GR(Ir) in such a way as to keep
the sum of the squares of -45 0 MAY 2000 LRL and LRR constant al ong the cs
= 0 axis, and keep the output zero along the boundary between |left and

center. IRLSAEIRIC YIS ModPihdled Lo ak'ié%ndtﬁee%}ﬁtl%&&gmdﬁémta{m

el ements are 1dentical tot trix eleneidts In e ri ront icg]lﬁadrant
al ong t Hhedoundarphetwethleftvendsenber. TRis car be(dmme. WES(duldl alsa likéa) LRR

= -si - GR L. (17h)  We t th f th by
2l ong s 8 hesureshé fnaisrix glotantd e Spngiciad thp asricqiethelisgn bhe Agrine
out put tmobeqaeaﬁaﬂtcalangt&gewd: O hsiRaThu¥ waastumeri es from zero to 45

degrees, LRL*cos(t) + L sin(t) =0 ...(19) Equations (18) and (19)
result in a ksy st atGRUsjuation for GR and GS, which is sef

nunerically apgk araph )L%’i\%ﬁ) 19. Use of GS and GR as shown r@%éts in a
en

| arge i nprovenent in e power “sum along the cs = 0 axis, as i'n ed.
However ,Weweantddle sum bfithssquadestth bevmelongashoepg=iOhaxisgundary bet ween

| eft and center {\BS,. pactical design it is probably not very

i mpor t ant tot(fﬁﬁigggté"{%\& 6fﬁ|§ ierror, but we decided to do SO'(IS%_
heuri st iamal tie Gutput 66 bleOdrovidg stédratiadignalfor ¥4 k vadicki EnP2érd £BRIET X

el enents_ by a factor that depends on a new conbi ned variable based on Zr

and cs. Pe%:he new variable xymin. (I n practice we don't
LRL*cos(?) + LRR*sin(¢) =0 ...(19)

Equations (18) and (19) result in a messy quadratic equation for GR and GS,
which is solved numerically and graphed in FIG. 19. Use of GS and GR as,
shown results in a large improvement in the power sum along the ¢s = 0 axis,
as intended. However, the peak in the sum of the squares along the boundary
between left and center remains. |

- In a practical design it is probably not very important to compensate for
thiserror,but we decided to do so heuristically with the following strategy. We
will divide both matrix elements by a factor that depends on a new combined
variable based on /r and cs. Call the new variable xymin. (In practice we don’t
use the divide, but multiply by the inverse of the factor described below.) In

Matlab notation,

% find the minimum of xor y
) :iymin = X; '

if (xymin > y)
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use the divide, but multiply by the inverse of the factor described bel ow)
In Matlab notation, %find the mnimumof x or y xymn =x; if (xymn >
y) REPLACEMENT-SH E 0 2 MAY 2000 xynmin =vy; end if (xymn > 23) xymn =
23. end %note that xymn varies fromzero to 22.5 degrees. W then find
the correction to the matrix elements al ong the boundary wusing xymn. In
the front left quadrant LRL = (cos(cs) - GS(Ir))/ (I +.29*sin(4*xymn))
...(20a) LRR = (-sin(cs) - GR(Ir))/ (I +.29*sin(4*xymn)) ..(20b) 1In the
front right quadrant, LRL = cos(es) ...(20c) LRR = -sin(cs) ...(20d) In
reference [2] these elenents are additionally nultiplied by the "tv matrix"
correction. FIG 20 in this application shows the matrix el enents w thout
the "tv matrix" correction. In this application this correction is handl ed
by the frequ g%lggpendent circuitry that follows the matrix and will be
described latér. In FIG 20, note that the sumof the squares is close to
one and cof® nuous, except for the deliberate rise in level in the rear.
15. The r eaif (rerhini>x23| enents during rear steering The rear matrix elements
given in the wli, Pagent were not appropriate to a five-channel decoder

and were nDdi:ied heuristically in our CP-3 product. Reference [1] and U
Bfication No. 08/742,460 presented a

% note that xymin varies from zero to 22.5 degrees.

S. Pat ent

We then find the correction to the matrix elements along the boundary
using xymin.

In the front left quadrant

LRL = (cos(cs) — GS(Ir))/(1 +.29%sin(4*xymin)) ...(20a)

LRR = (-sin(es) - GR(rM)/( +.29*sin(4*xymin)) ..(20b)
In the front right quadrant,

LRL = cos(cs) ...(20¢)

LRR = -sin(cs) | ...(20d)

In reference [2] these elements are additionally multiplied by the “tv
matrix” correction. FIG. 20 in this application shows the matrix elements
without the “tv matrix” correction. In this application this correction is handled
by the frequency dependent circuitry that follows the matrix and will be
described later.

In FIG. 20, note that the sum of the squares is close to one and

continuous, except for the deliberate rise in level in the rear.

15. The rear matrix elements during rear steering
Therear matrix elements given in the ‘91 patent were not appropriate to

a five-channel decoder, and were modified heuristically in our CP-8 product.
Reference [1] and U. S. Patent Application No. 08/742,460 presented a
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-47 REPLAGEMENT SHEET 0 2 M.Av20QJ0 mat hematical nethod to derive these

el ements along the boundary of the left rear quadrant. The nethod worked
al ong the boundary, but resulted in discontinuities along the Ir = 0 axis,
and along the cs = 0 axis. In March of 1997 these discontinuities were
repaired (nostly) by additional corrections to the matrix elenents, which
preserved their behavior along the steering boundaries. For the el enents
described in this application these errors have been corrected by

interpol ation. The first interpolation fixes discontinuities along the cs
= 0 boundary for LRL. The interpolation causes the valye to match the val ue
of GS(Ir) when cs is zero, and allows the value to rise snoothly to the
value given by the previous math as cs increases negatively toward the

rear. Theathees#iical AeEhoPialbARe tRESES] cith fshlbAl EheBbahdasy 8Pthd Ieftcs = 0
axis to the value of GR(Ir 16. Left side/rear outputs during rear

st eer i ngear emadrgnt. t Thri methed arorkednalang the rhqundasy| bt tediR and

Left Reak_ Ri . [ nt t [l DO LS:.N I wher e
TR T R R e W T e
degr ees thesul dixeontinuitiey werentepaired- @rostly)dby radditioniidesrretidaes contet i ons

the steered, conponent of .the input_ shaquld be renmpved fromihe |eft outputs
-t her e RHBH elements, Ysﬁi‘mreﬁ? ditherr hehavion along i staeripbouniatisser ng

is toward thpof itHBtel8menitd HesédBéd id NhifRpplitatibh RES Bhd@have bBEn 91
pat ent achieve this goal. Theﬁ are essentially the sane as the rear matrix
¢

el ement sorrectédtbylintierpeletioneThe first interpolation fix¢s dissontinuities alongdby +
' . lLoud .S .1
e x & chQ BplndRe) 8 LRE. 4RSGEERAIARITERSs ol Fhng O Ralch E°GRET o ,

MAY 200@flE(lr) ehen asis zersl afid@d)ows thE ¥a)ue tdHse smodthig kothenal@ecs)
- 2:Lb)given by the previous math as ¢s in¢reases negatively toward the rear. The
second interpolation causes LRR to interpolate along the ¢s = 0 axis to the value

of GR(r).

16. Left side/rear outputs during rear steering from Right to Right Rear
Consider first the Left Rear Left and Left Rear Right matrix elements

when the steering is neutral or anywhere between full right and right rear.
That is, Ir can vary from 0 to -45 degrees, and c¢s can vary from 0 to -22.5
degrees. |

Under these conditions the steered component of the input should be
removed from the left outputs — there should be no output from the rear left
channel when the steeringis toward the. right or right rear.

The matrix elements given in the ‘91 patent achieve this goal. They are
essentially the same as the_ rear matrix elementsin the 4 channel decoder, with
the addition of the sin(cs)+ cos(cs) correction for the unsteered loudness. When

this is done the matrix elements are simple sines and cosines:
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Not.i ce that we have defined a new function sric(x), which is equal to
sin(x) over the range of 0 to 22.5 degrees, and sri(x), which is equal to
cox(x). W will use these functions again in defining the Left Rear nmatrix
el enents during Left steering. 17. Left side/rear outputs during rear
steering fromRi ght Rear to Rear Now consider the same matrix el enments as
cs becones greater than -22.5 degrees. As we said in reference [1] and the
two patent applications, LRL should rise to one or nore over this range,
and LRR shoul d decrease to zero. Sinple functions fulfill this (renmenber
es Is negative and varies from-22.5to -45 in these equations): LRL =
(cos(45+cs) + rboost(-cs)) _ (sri(-cs) + rboost(-cs)) ...(22a) LRR =
sin(45+cs) = sric(-cs) ...(22b) Rboost(cs) is defined in reference [1] and
application NeRLGSedt2¢60 sri(led)s cl osely equivalent to the funclpeg)
0.41*Gcs) in the earlier matrix_elenments, except that rboost(cs) is zero
for 0 > cs >LBB =sin{neshasrieé-e) om zero to 0.41 as cs varies £#{8kh)22.5
degrees to - f ' . | i er by the
desire to keleigogﬁgrtﬁgg née}slgvg?ﬂﬁleedggl%bvgu pct}?&ggﬁlsct(%)ﬂtvg%s?% isyo%ﬁp 1i %’o panned
from | ef sin{@aoverdhe rhhge ofi0 to ZRH deghreefRand strHic),iwhiehdseqasl tdlox(g. Weght
steering e now conplete. 18..The.Left Rear el ements, during steering from
Teft to Wil fis? Hagseruchions aedi in defmingshe lngft Real mrattimeleatantriring ght

el ement SLbft steéting- 49 REP(. ALCELENTSHFELlI 00 2 MAY 2000 nore conplex. The
Left Rear Left elenent nust quickly rise fromzero to near maxinumas Ir
decreases from4.5 to 22.5, or to zero.. The matrix elenents given in _
referencey| PefPsidefelr ol tbutd b At M5 SHRIAH 3 Riznt! BELL: PREAPT 00! €M
with continulity a € 65 = ‘ 0 e VB case a

sol uti on was Newekdnsiderithesameimatrix elesnaits asee becsmabreatod thew o225

cond 1 8k ! Ry GG bl IRl e Gan S RIOES Had o2

should rise to one or more over this range, and LRR should decrease to zero.

Simi)le functions fulfill this (remember cs is negative and varies from -22.5 to
—45 in these equations): . _

LRL = (cos(45+cs) + rboost(-cs)) = (sri(-es) + rboost(-cs)) ...(22a)

LRR = sin(45+cs) = sric(-cs) - ...(22b)

Rboost(cs) is defined in reference [1] and application No. 08/742,460. It
is closely e(juivalent tothe function 0.41*G(cs) in the earlier matrix elements,
except that rboost(cs) is zero for 0 > ¢s > -22.5, and varies from zero to 0.41 as
cs varies from -22.5 degrees to —45 degrees. Its exact functional shape is
determined by the desire to keep the loudness of the rear output constant as
sound is panned from left rear to full rear.

The Left Rear matrix elements during right steering afe now complete.

18. The Left Rear elements during steering from left to left rear
The behavior of the Left Rear Left and Left Rear Right elements is much
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matvix: el ement is given by GS(Ir). On the rear side (cs < 0) the function
given ‘by reference [1] has the sane end points, but is different when Ir
is not zero or 45 degrees. The mathenmatical method in reference [1]
provides the following equations for the Left Rear matrix el enents over
the range 22.55 < Ir < 45: (Wen transcribing these equations from
reference [ 1] renmenber that t = 45-1r):. LRL = cos (45=1r)*sin
(4*(45-1r))-sin (45-1r)*cos (4*(45-1r)) = sra(lr) ...(23a) LRR = -(sin
(45-1r).*sin (4*(45-1r)) +cos(45-1r).*cos (4*(45-1r))) = -srac(lr) ...(23b)
Note that we have defined two new functions, sra(lr) and srac(lr) over
this range. |If es 222.5, Ir can still vary fron10 to 45. Reference [1]
defines LRL and LRR (when |r has _the range 0 < |r_ < 22. (see FIG 6 in
r ef er encanqrejgomplex, ‘Rhe Left, Repy J-eft %lpgmt)must quigkly rlﬁmﬁmm Z8F¢\tp ppar

-srac(lr fined
or 0 < axinggn b ir SRR (A S 90R2, Or ko, BRE SRR sl AT,

ver si on Theefdrente [J]Q@Erfmnstlua, hasteas wa showed paklier,dheteateprpbterhs with r ect
LRR al on £ b%gﬁ‘ﬁ“ es there are two discontinuities. Along the cs
=0 bour‘f 9‘“"3’ Fre rl?eoé'tn t match the LRR for the forward
direction, wWhFghthé Muteh 1887 eldast b)solhi68 WA fduhdwhidbousddFaketidhs of hoi Ce
used in March 1997 - al t hough somewhat cogput ationally intensive - is to

enpl oy a®nevesiaile andssveralegnditionalsyin g nee[blﬁénemblmr@géhegsm to 15

degrees. (g

Ccs incr eas%ﬁ%%&g%g?gggﬁgéo?E?%?op%ﬁir?ea{?o t egy?i %}?(tcgrz gg?ﬁ ;bm‘l'her e
is also mrpoebmnﬁ isgivén by GS{&on Oimtli e neaaxl side (dshe OZIthsfﬁ)nmon given March
1997 t hi

ani o 1 tpastrepye i tep Hesite AR mptae” BUE i Bithegte FhendRif st pete per m
45 degrees.
The mathematical method in reference [1] provides the following
equations for the Left Rear matrix elements over the range 22.55 < Ir < 45:
(When transcrlbmg these equations from reference [1] remember that ¢ = 45- lr)

LRL = cos (45-Ir)*sin (4*(45-Ir))-sin (45-Ir)*cos (4*¥(45-Ir))

= sra(lr) | ...(28a)
LRR = —(sin (45-Ir).*sin (4*(45-Ir)) +cos(45-Ir).*cos (4*(45-1r)))
- = —grac(lr) ...(23b)

Note that we have defined two new functions, sra(lr) and srac(ir) over
this range.

If es 222.5, Ir can still vary from 0 to 45. Reference [1] defines LRL and
LRR (when Ir has the range 0 < Ir < 22.5) (see FIG. 6 in reference [1]) as:

LRL = cos(ir) = sra(ir) ...(23¢)

LRR = -sin(lr) = -srac(ir) ...(23d)

The two functions sra(x) and srac(x) — are‘now defined for 0 < Ir < 45.
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becones S|nply sric(cs_bounded). This termw Il insure continuity across
thee. |Ir 0O axis. First define cs_bounded in the follow ng Matl ab
notation: c¢s bounded = 1Ir - Cs: if (cs bounded < 1) %this limts the
maxi num val ue c¢s_bounded = 0; end if (45-1 lr I < cs_bounded) % use the
smal l er of the two values c¢s_bounded 45-1r; end fores=0tol5 LRR =
(-(srac(lr) + (srac(lr)-Q&Ir))*(15- cs)/15) + srlc(cs bounded)); for cs =
15 to 22.5 LRR = (-srac(lr) - sric(cs_bounded)); 20. LRL as inplenmented in
Logic 7 as of August 97 In the present invention, LRL is conputed with

I nterpol ation, just as for LRR In Mtlab notation: fores=0to0l5 LRL =
((sra(lr) + (sra(lr-GS(lr))*(15-¢cs)/15) + sri(-cs)); for es = 15 to 22.5
LRL = (sra(lr) + sri(-cs)); 21. Rear outputs during steering fromLeft Rear
to Full af, As ty L SElJ N9 goes fromleft rear to full rear the elenents
foIIom1tEE—L%ﬁgg—gggén—rn~Teference [1], with the addition of the
corrections fThe Maaarrchllmd%s-s;on dnswm&mhﬁomchﬁoqu@& eor?écL.RR <
22.5 LRL = (sra(lr) +_rboost (cs) LRR = -sra - srlc&Fs
bounded) amgst%hﬁpgﬂesleﬁhgezmhsm afr e Wiy »Sicsan@m%ﬁﬁsAﬁms Hhe cert

St eCr i NOpoudd iy RIRIEF (1Y roaf Hilst B £10hItHE LHAR rACtHUPFaPY afrbBRBR/WHIAH t and

right int initions. mat r i X
shows LRR = ~G(ir) along the ¢s = 0 boundary.

The choice used in March 1997 - although somewhat computationally
intensive - is to employ an interpolation based on the value of ¢s over the range
of 0 to 15 degrees. In other words, when ¢s is zero we employ G(Ir) to find LRR.
As cs increases to 15 degrees we interpolate to the value of srac(lr).

There is also the possibility of a discontinuity along the Ir = 0 axis. In
March 1997 this discontinuity was corrected (somewhat) by adding a term to
LRR, which is found by using a new variable, cs_bounded. The correction term

becomes simply sric(cs_bdunded). This term will insure continuity across the.

Ir = 0 axis.

First define cs_bounded in the following Matlab notation:
cs_bounded = Ir -cs:
if (es_bounded < 1) % this limits the maximum value
¢s_bounded = 0;
end
if (45-|1r| < cs_bounded) % use the smaller of the two values
cs_bounded = 45-Ir;
end '
fores=0to15
LRR = (-(srac(Ir) + (srac(lr)-G(Ir))*(15-¢cs)/15) + sric(cs_bounded));
fores = 15 to 22.5
LRR = (-srac(lr) - sric(cs_bounded));
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The: " 89.:pat ent and Dol by Pro-Logi c both have the followi ng matrix

el ements: For front steering: CL = 1-QFIr) + 0.41*@cs) ...(24a) CR =1 +
0.41*QEcs) ...(24b) -52 REPLACEMENT SHEET 0 2 MAY 2000 j For rear
steering: CL=1- @ lr) ... (24c) CR=1 ... (24d) Since the matrix

el ements have symmetry about the left right axis, the values of CL and CR
for right steering can be found by swapping CL and CR See FIG 21 for a
graphi cal representation of this elenent. In FIG 21, the mddle of the
graph, and the right and rear vertices have the value 1. The center vertex
has the value 1.41. In practice this elenent is scaled so the maxi num
value is one. In application No. 08/ 742,460 and reference [1] these

el enents are replaced by sines and cosines. For front steering: CL =

cos(45- 1ph*si *44871r)) + 0.41*Gcs)
" (252) éb mﬁ%sﬁ bhté b 'iﬁgo??ﬁ{ s(t 57-1r) co0s(2¢(45-11)) +

0. 41*G(cs) h(ﬂﬁmresinbnweaqm,mhlmmpmdamtﬂmtmhabdn jilstasgforch 1997
pr oduct lﬂ&)til errents in the' 89 patent, but with a different scaling,
and a di em ofaH8Ri on than G(cs). We found that it was inportant

- to reduce tipecsnetemsr ed |evel of the center output, and a value 4.5dB | ess
than the Pr %ﬂrﬂg'(&rl(?r\lel(s §qu?gs(gg_cs)]'ﬁg_,_bggs(fs)tunct| on (0.41*@cs)) was
changed to increase ue o matri x el emrents back to the Pro-Logic
val ue as c§°‘i"ﬁcr’é"é§%% toward center. The boost function in the March 1997
versi on was GLRbsdsralidursrgtesdal |y t hr ough

21. Rear outputs during steering from Left Rear to Full Rear

As the steering goes from left rear to full rear the elements follow the
ones given in reference [1], with the addition of the corrections for rear loudness.

In Matlab notation,

Forcs > 22.5, Ir < 22.6
LRL = (sra(lr) - sri(es) + rboost(cs))
_LRR = —srac(lr) - sric(cs_bounded)

This completes the LRL and LRR matrix elements during left steering.
The values for right steering can be found by swapping left and right in the

definitions.

22. Center matrix elements
The ‘89 patent and Dolby Pro-Logic both have the following matrix
elements:
For front steering:
CL=1-G(r) + 0.41*G(cs) ...(24a)
CR =1+ 0.41*G(cs) ...(24b)
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| i'stenirng tests. In the version of March 1997 the boost function of cs
starts at zero as -53 T REPLACEME~-T SHEET 0 2 MAY 2000 before, and rises
with cs in such a way that CL and CR increase 4.5dB as cs goes from zero
to 22.5 degrees. The increase is a constant nunber of dB for each dB of
increase in cs. The boost function then.changes slope, such that in the
next 20 degrees the nmatrix elenents rise another 3dB, and then hold
constant. Thus when the steering is "half front" (8dB or 23 degrees) the
new matri x elenments are equal to the neutral values 'of the old matrix

el ements. As the steering continues to nove forward, the new and the old
matri x el enments becone equal. The output of the center channel is thus
4.5dB | ess than the old output when steering in neutral, but rises to the
old valu ering is fully to the center. See FIG 22 for a plot
in three%‘?ﬁgﬁgFﬂﬁgﬁ%' this elenent. In FIG 22, note that the m ddl e val ue
and the rightCdndg Ire@i(lyerti ces have been reduced by 4.5dB. As.q24c)

i ncreases the.genter rises to the value of 1.41 in two slopes. W have

si nce found tﬁg&" he center elenments used in March 1997 are not: (24@ii nal .
Consi der abl e Sfmrth@riﬁﬁtﬂkbibxhbﬁtm&‘mh{btﬁ’&%BBhE?hQ?fft%@@W‘aii@ah%e the
center portion of popular nusic recordings, and the dialog Tnh sone fil ns,
can tendaluesgefi CLand GRder yightsstieeringrambe fourd byewappingCGinaed)CR.

repr oductyl I [ h trix. In addition, as the
center c%Eniiiglea}caﬁafﬁgg?_rlgﬂﬂﬁ{aé\%ﬁ%eﬁ?s 8%@?1;%0‘31??%1& equi di stant fromthe
front speakerkn EHg@ 2i9the mitldie offipegraph, podl theatight andGeat eerticeLRav®Vi NQ.
Thi s prob] em ywas. ext ensi yel angl yzed in devel oping the new center matrix
el enent s?ib? é@g‘?ﬁ bd%hgfgygﬂsy%ex%%l ﬁ’s"e‘éﬂqp&t]eﬁ~ Theractice thisglemppbis em
when a skegdlad spahs nhddmimiVala®iseqg.er or fromright to center along the
boundary. The matrix elenents in application No. 081742,460 give too |ow

an out put fr o' erelicakion NopDf(242,460nand refererice Hdl thesgaglebmintseare - 54
replaced by sines and cosines.

For front steering:
~ CL= cos(45-Ir)*sin(2*(45-Ir)) - sin(45-Ir)*cos(2¥(45-Ir)) + 0.41*G(cs)
...(258).
CR = sin(45-Ir)*sin(2*(45-Ir)) + cos(46-Ir)*cos(2*(45-Ir)) + 0.41*G(cs)
...(25b)

| These equations were never implemented. The March 1997 product used
the elements in the’89 patent, but with a different scaling, and a different boost
function than G(cs). We found that it was important to reduce the unsteered
level of the center output, and a value 4.5dB less than the Pro-Logic level was
chosen. The boost function (0.41*G(cs)) was changed to increase the value of the
matrix elements back to the Pro-Logic value as ¢s increases toward center. The
boost function in the March 1997 version was chosen heuristically through

listening tests.

In the version of March 1997 the boost function of cs starts at zero as
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RERLACEMENT SHEET 0 2 MAY 2000 23. Center channel in the new design Wile
it is p055|ble to renobve a strongly steered signal fromthe center channel
output using matrix techniques, any tine the steering is frontal but not

bi ased either left or right, the center channel nust reproduce the sum of
the A and B inputs with sone gain factor. In other words it is not
possible to renove wuncorrelated left and right material fromthe center
channel. Qur only option is to regulate the |oudness of the center
speaker. How | oud should it be? This question depends on the behavior of
the left and right main outputs. The matrix val ues presented above for LFL
and LFR are designed to renove the center conponent of the input signals
as the steering noves forward. W can show that if the input signal has

been encoded to came frqgm the forwar ct in ro m xer,
coch oo Belore,ans vive M oo wepsnet L EOB her e g AU RO ebi " o
el ement Sfro@%ﬁ%ﬁ%fﬁ% RO, T8l FifRPéase ik '&econswpﬂuﬁaggg of B BRkach @B t he

ones presente ler in this paper,) all conpletely restore the original
separ at i ohindreaweviar ¢s. The beostfunctipn thies changde slapensueh thar lmﬂtﬁoneiéﬂ at ed

;S;;d?nd2éld%ht%siﬁa et_‘t_'lx %l%pvéq S leae?aéﬁa@;mgr gﬁﬁijgﬁﬁlthéqh%i}ﬁ n(asltalt@sl‘

then as henlthedtedingis “halffeast’s(8dB of 23Qle’gﬁeelsl) thaméwﬁnathheléinsﬁtmonent
of the L and R fropt outputs of the decP is n conplet y elimnated
unl ess CRFP pqual e fhe RafiERldatuss 9t the,gldymatrix, el}ém et steering, ¢ of

Gn left caﬁhw@s to ﬁ@% ?orleQf‘ the WeRdnd tidald Aaesx ‘élélhéﬁi%ﬁf‘ercoﬂﬁ%r aalhere

are two ways of calculating what a |istener hears. If |'i stener |s
exact | y Theiaitpubef the centérechasme] iRthhs 4.50R lassthan tépedde:@puhwxan |

LT AT e N e T
center. See FIG. 22 for a plot in three dimensions of this element.

In FIG 22, note that the middle value and the right and rear vertices have
been reduced by 4.5dB. As ¢s increases the center rises to the value of 1.41 in
two slopes. .'

We have since found that the center elements usedin March 1997 are not-
optimal. Considerable experience with the decoder in practice has shown that
the center portion of popular music recordings, and the dialog in some films, can
tend to get lost when you switch between stereo (two channel) reproduction, and
reproduction through the matrix. In addition, as the center channel changes in
level a listener who is not equidistant from the front speakers can notice the
apparent position of a center voice moving. This problem was extensively
analyzed in developing the new center matrix elements presented here. As we
will see later, there is also a problem when a signal pans from left to center or
from right to center along the boundary. The matrix elements in application No.
08/742,460 give too low an output from the center speaker when the pan is half

way between.
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the:three front outputs. Under these conditions it is easy to show that any

reducti‘on of the center conponent of the left and right speakers wll

result in a net |oss of sound pressure fromthe center conponent,

regardl ess of the anplitude of the center speaker. This is because the

center speaker is always derived fromthe sumof the A and B inputs, and

as its anplitude is raised the anplitude of the Lin and R n signals nust

rise along with the anplitude of the C,n signal. However if the |istener

i's not equidistant fromeach speaker, the listener is nuch nore likely to

hear the sum of the sound power from each speaker, whi,ch is equivalent to

the sum of the squares of the three front outputs. In fact, extensive

l'i stening has shown that in fact the sumof the powers of all the speakers

S actually mhat IS i -ortant so we nust consider the sumof the squares
3) bart chammed i ~t14Ls'ueSIuscIuding the rear outputs. If we want

to design th | i tudes .of d Cn

are preser veﬁw\men svﬁ?cs:%ﬂ?e Atng\j\%‘gélass?gorn%pr%%ere uségpﬁiﬁfré)r%ﬁhe en

1 epr oducghsithel bhepﬁmmdgmtx tdchhiguds, ang ﬁmﬂ%ﬁteéﬁﬁ@lé h@ncemmr néwt put

must rise i roportlo to the reduction in i und povver fromthe
left andbiaspdgit ?;3 ity the senter chanmel mpstapFednce e Be A

addi ti onghq qulu'tg%ﬂpgomb?ggtg?ﬁcthp ribsiﬁeravv ds' 195 PB{ gaémmtbwe%n&?eve the

| evel boost of 'up to ribed ove IS W use the center to
need to mcmnia/ﬂt!dtleftambnghbma@a;;altfrmnrthmcestml Owt ondyoptione t hi s

requi rengnt uat i fo t he These ations can

be sol ved r}’fo gf"%%tsegglleﬁl EEF 8§@€\%cﬁ%‘ée5 SRe8 ef‘ﬂﬁ g’qﬁpgrs@b@gﬂ‘éﬁgy%

gr ev:]I ousl ydgaﬂﬁsgﬁmpﬂimﬂbgmﬂgoﬁ hhgla_ bBRagivr b tlad ldgﬂSn%@fg}ft xﬁbidtacyuﬂf{lﬁs :_ogi \3@
ecoder er variqQus condi 0 ecoder is not optina

can do t kBe matEix uswm%%i@ﬁ% or%m&h&mﬂ% gnedito removgbher 000
FIG 23 ghitus c&ﬂx‘i:oﬁ%ﬁﬁ 8f tHé‘hﬁpﬁ'@S@?ﬁlé af'thé sEéErYﬁ’é mdvek TBr# ARl OWeUan! NE
center conponent of the input &gm is to reserved in the front three

r

channel sshow $hagif r#éel lmuéassaal bﬁetmemt to someafrdre thecforward needed

rise direction by using a cross mixer, such as a stereo width control, the matrix

elements given above (the ‘89 elements, the 1996 AES paper elements, the“:
March 1997 elements, and the ones presented earher in this paper,) all:
completely restore the original separation.

However, if the input to the decoder consists of uncorrelated left and right
channels to which an unrelated center channel has been added; i.e.

A, =L, +.71*C, ...(26a)

B, = R, + .71*C,, : ...(26b)
then as the level of C,, increases relative to L;, and R,, the C component of the
L and R front outputs of the decoder is not completely eliminated unless C,, is
large compared to L;, and R;,. In general there is a bit of C; left in the L and R
front outputs. What does a listener hear? |

There are two ways of calculating what a listener hears. If a listener is
exactly equidistant from the Left, Right, and Center speakers they will hear the

sum of the sound pressures from each speaker. This is equivalent to summing
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in.the:-level of the center channel is quite steep - the rise is many dB of
anpl i tude per dB.of steering value. Also shown is the gain in a standard
decoder (dotted curve). As ‘we previously nentioned, there are two sol utions
to this problem W wll describe the "filnm solution first. The sol ution
here is not entirely mathematical. W found in practice that the function
shown in FIG 23 rises too steeply. The change in level of the center
channel is too obvious. W decided to relax the power requirenent slightly
- to about 1dB less center than ideal. |If we recalculate the center val ues
we get the result shown in the solid line of FIG 24. ,In practice we can
substitute a linear rise for the early part of the' curve, shown in the
dashed line in FIG 24. In practice results with these center! values have
been excellent for filnms. Referring to FIG 24, in practice the solid curve
ri ses tothethegsl frontiomtpuisnctnder (ﬂ%esgbmditbyns teisgeastyekd shows thatlenybet t er .

i ' if f | ution. .Jh . i h | Fl Gs.
05 and SPietinafoths SRER eifpPheRfos tHele B eBt bR SIS TRN I i, T L
and LFR n¥haéss bf woundeprebisiterfesin chersenter coafurentarbyardiessvafngag to

be aggressive about renoving the center conponent fromthe_ left and right
front oemplitudeof thagenten spgakesThis ishecanse phegenter spepkenigalwayy front

mat ri x 7 i . Lot
&éﬁmmlﬁ te @ﬁ%ﬁ{ﬁg@% A AHEBSABLYE a‘ﬁ“ﬁ’*’% jth BV lggrggs%ﬁﬁe hey

conponent during nusic pla tic ere’1s no

shoul d damgpditudbef tkebi,pnd Bymigoalsmoust tiselakéng awith thebhmpflitonde ofitdte be
gi ven toct he center -57 REPL. AuCEMENTSHEET O 2 MAY 2000 | oudspeaker. |If
we don't “irEARA this energy it cones fromthe left and right front

speakers, andiéwevercifithe lispandecis not @quidibtdit fedmSddchiPealei tholizdeever in
the roomis the same. The ilrick s to put just enough energy into_the
center Sjexebmere likely fo heag thesum 9f thesoundepewer from egeh spepker; st ener

while  nRidH idd@ivdlent B6'tisd kOB oThhs bh&RsWUrthd thitle foht SLGRRL. MDfackS
equidistant from the front left and right speakers.

extensive listening has shown that in fact the sum of the powers of all the

- speakers is actually what is important, so we must consider the sum of the

squares of all the outputs of the decoder, including the rear outputs.

Rint

and C, are preserved when switching between stereo reproduction and matrix

If we want to design the matrix so the ratio of the amplitudes of L, ,,
reproduction, the sound power of the C;, component from the center output must
rise in exact proportion to the reduction in its sound power from the left and
right outputs, and its reduction in the rear outputs. An additional complication
is that the left and right front outputs have the level boost of up to 3dB
described above. This will cause the center to need to be somewhat louder to
keep the ratios constant. We can write this requirement as a set of equations for
the sound power. These equations can be solved for the gain function we néed
for the center speaker. ‘

We previously gave graphs showing the energy relations for a Dolby Pro-
Logic decoder under various conditions. The Pro-Logic decoder is not optimal.

We can do the same for our new decoder.
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As we di-d in application No. 08/ 742,460 we. can find the optinmal center

| oudness by trial and error. We can then solve for the matrix el enents we
need in the front left and right to preserve the power of the Cn
conponent in the room As before, we assune that the center channel is
reduced in level by 4.5 dB below the level in our " 89 patent decoder, or
-7.5dB total attenuation. -7.5dB equals 0.42. The matrix elenents for the
center can be nultiplied by this factor, and a new center boost function
(&Q can be defined. For front steering CL = 0.42*(1 - (lr)) + GC(cs)
...(27a) CR =0.42 + &C(cs) ...(27b) For rear steering CL = 0.42*(1-
Alr)) ...(27c) CR =0.42 ...(27d) Several functions were tried for
GC(cs). The one given beIOM/nay not be ideal, but seens good enough. It is

ified i th egr and obt ai ned b Sone
TPral ng e rBiC. T Shavs e inker BAin netd sohh Vel SELC eontiD: of i -
0.15; -58ehier tSHEEITe 198%§@mnscﬁﬁbﬁrpﬁ&%eﬂ iln th@elglf)ﬁf thl€? =

0.3; center_rate 1; I1f (cs < 12) gc(cs-1 *center
rate/ ( 20\;1}aanlﬁpsstgeré@s increasesdbward the front34p cgn (nwe@)l, the needed rise

( CS 1174 fo %ﬂ%elrevgf‘to?%gzoe)ﬁter c'hfan%%f (15 qul}:e ste S I M & gnashgrle of enter
amplitude per dB of steering value. Also shown is the gain in a standard
decoder (dotted curve).

As we previously mentioned, there are two solutions to this problem. We
will describe the “film” solution first. The solution here is not entirely
mathematical. We found in practice that the function shown in FIG. 23 rises too
steeply. The changé in level of the center channel is too obvious. We decided
to relax the power requirement slightly - to about 1dB less center than ideal.
If we recalculate the center values we get the result shown in the solid line of
FIG. 24. In .practice we can substitute a linear rise for the early part of the’
curve, shown in the dashed line in FIG. 24. In practice results with these center-
values have been excellent for films.

Referring to FIG 24, in practice the solid curve rises too steeply. The
linear slope given by the dashed line works better.

Music requires a different solution. The center attenuation shown in
FIGs. 23 and 24 is derived assuming the matrix elements previously given for
LFL and LFR. What if we used different elements? Specifically, do we need to
be aggressive about removing the center component from the left and right front
outputs?

Listening tests show that the previous left and right front matrix
elements are needlessly aggressive about removing the center component during
music playback. Acoustically there is no need that they should do so. The

energy removed from the left and right front must be given to the center
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el'se gc(cs + 1) = center max*10 " ((cs-29)*center_rate2/(20)); if
(gc(cs+l) > center _max2) gc(cs+1l) =center max2; end end The function (0. 42
+ GC(cs)) is plotted in FIG 2.5. Note the quick rise fromthe value 0.42
(45dB | ower than Dol by surround), followed by a gentle rise, followed
finally by a steep rise to the value L. W can solve for the needed
function for LFRif we assunme functions for LFL, LRL, and LRR W want to
solve for the rate that the C,,, conponent in the |Ileft and right outputs
shoul d decrease, .and then design matrix elenments, which provide this rate
of decrease. These matrix el ements should al so provide.sonme boost of the
L;n and R Q conponents, and should have the current shape at the left to
center boundary, as well as the right to center boundary. -59 r REPLACEMENT
SHEET 2 MAY 2000 We assune that: LFL = GP(cs) %§%8a) LFR = GF(c¢s)

. (28b)loudspenlgers 3f we dag trpmovecthis prergy Hetomegirom ghe eff and wght

o1 | 2o ep MBS AT LA NG U SR PRGAERIDEGSRS

t he centmrthe&*ooﬁﬁs%}mné The £rifk is &) put fist edo2rgh eneﬁ-gy int@H®) cerrewner from
the rear depends on the matrix .ele $e Es we u sune t rear
'R

e nne SPeaben RoREAtE.R BYRYIAFIOE, R0 EAEe Tok ABoph-is JAFeRET t hiley o

cos(cs) Afglinkizhg thétdiiction &ma}a; ﬁid"tﬁ'fﬁrﬁﬂ’i%%ﬁénwﬁﬁ mdmamh(&ﬁs( cs) *(
L,,,+071R,,,2-SIH(CS) (R,,, *CL,)))
the front left and right speakers

As we did in application No. 08/742,460 we can find the optimal center
loudness by trial and error. We can then solve for the matrix elements we need
in the front left and right to preserve the power of the C,, component in the
room. As before, we assume that the center channel is reduced in level by 4.5
dB below the level in our ‘89 patent decoder, or -7.5dB total attenuation.
—~7.5dB equals 0.42. The matrix elements for the center can be multiplied by this
factor, and a new center boost function (GQ can be defined. :

For front steering

CL = 0.42*%(1 - G(Ir)) + GC(cs) ...(27a)

CR = 0.42 + GC(cs) ...(27b)
For rear steering

CL = 0.42*%(1 - G(r)) _ ..(27¢)

CR = 0.42 -..(27d)

Several functions were tried for GC(cs). The one given below may not be
ideal, but seems good enough. It is specified in terms of the angle cs in degrees,
and was obtained by some trial and error. .

In MATLAB notation:

center_max = 0.65;

center_rate = 0.75;
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| f .we assunme that L,,,2 = R,,2 then, for two speakers, PREAR =
0.5*C,,,2*((cos(cs)-sin(cs))2) +L,,,2 ...(29d) The total power fromall
three speakers is PLR + PC + PREAR PT = (GP2+ G2+ GC2)*(L,,,2+R n2) +
((GP - G2 + 2*C22)*C," 2 + PREAR ... (30) The ratio of C;,,, power to L
and R;,, power is: (assune L;,,2 = R ,,2) RATIO = (((GP(cs)-G~(cs))2 + 2
(GC(cs)2 +0.5 * (cos(cs)-sin(cs))2)) * G2/ ((2*(GP(cs)2 + GC(cs)2 +
G-(cs)2) + 1) * L;,,2 ...(31la) RATIO=(C 2/ L,,,2) *((GP(cs)-G(cs))2 +
2*(CGC(cs)2) + 0.5*(cos(cs) - sin(cs))2 / (2*(GP(cs)2 + GC(cs)2 + G(cs)2 +
1) ...(31b) For normal stereo, GC=0O, GP=1, and G=0O The center to LR power
ratio -60 REPLACEMENT SHEET I 0 2 MAY 2000 i is then: RATIO = (C;,, 2/ L;
,,2)*0.5 ...(32) If thisratiois to be constant regardl ess of the val ue
of (C .2/ L;,,2) for our active matrix, then ((G(cs)-G(cs))2 +
2* (GC( cs) 2 canter_maxepdy cs)-sin(cs))2) = ((GP(cs)2 + G(cs)2 + GF(cs)2 + 0.5)
... (33) Thentefirméd ©0.3above can be solved nunerically. If we assune the GC
above, and . (R.=rdifd=gs,before, we can see the result in FIG 26. In FIG 26
t he soli dmigrve' LS the graph of GF needed for constant energy ratios with
the new "mis¥&~enter attenuation GC. The dashed curve is the LFR el enent
of March " 97, skisnl)es0.42* thidbteentFhratefi®0ed curve is sin(cs), the LFR el enent
W thout the cghgegddsopiermecorrl. Note that G- is close to zero until cs
reaches 30 dﬁg%g% and then increases sharply. W have found in practice
im{ the value of ts at about 33 degrees. In practice LFR

H
*

it is best °F8
derived from §%®@&d) = tmpil(e epLld*cantamated/@W)si gn. G gi ves the shape of the
LFR matri x el #igetb-1abemget max) r = 0 axis, as cs
ge(es+1) = center_max;
end
else _
ge(es+1) = center_max*10 ~ ((cs-29)*center_rate2/(20));
if (gc(es+1) > center_max2)
ge(es+1) =center_max?2;
end

end

The function (0.42 + GC(es)) is plotted in FIG. 2.5. Note the quick rise
from the value 0.42 (45dB lower than Dolby surround), followed by a gentle
rise, followed finally by a steep rise to the value 1..

We can solve for the needed function for LFR if we assume functions for
LFL, LRL, and LRR. We want to solve for the rate that the C,, component in the
left and right outputs should decrease, and then design matrix elements, which
provide this rate of decrease. These matrix elements should also provide some
boost of the L;, and R;, components, and should have the current shape at the

left to center boundary, as well as the right to center boundary.
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i ncreases fromzero to center. W need a nethod of blending this behavior
to that of the previous LFR el enent, which nust be preserved along the
boundary between left and center, as well as fromright to center. A

met hod of doing this when cs s 22.5 degrees is to define a difference
function between GF and sin(cs). W then limt this function in various
ways. In Matlab notation: gf diff = sin(cs) - gf(cs): for cs = 0:45; if
(gf diff(cs) > sin(cs)) gf diff(cs) = sin(cs); -61- [R CEMEHT Sf~i EETMAY
2000 end if(gf diff(cs) < O0) gf diff(cs) = 0: end end %find the bounded
c/s if (y <24) bcs = y-(x-1); if (bcs<l) %this limts the maxi num val ue
bcs = 1; end else bcs = 47-y-(x-1); if (bcs <1) % 46) bcs = 1; %l6;
end end The LFR elenent can now be witten in Matlab notation: %this
neat trick daoes an interpolation to the boundary %the cost, of course, is

a dividell!l jyWe@gsu a4 this is the easy way for half the region
- 1fr3d(47-x, 4py)=ap@Ein tbl (y)+gf diff(bcs); ...(28a)
LFR = GF(es) . ...(28b)
CL = 0.42*(1 - G(Ir) + GClcs) | ..-(28¢)
CR = 0.42 + GC(cs) | ..(28d)
Power from the front left and right can then be computed as follows:
PLR = (GP2+GF»)*(L,,+R,) + (GP-GF)**C, 2 ...(29a)
Power from the center is:
PC = GC** (L,>+R,,®) + 2 * GC**C,;? ' ...(29b)

Power from the rear depends on the matrix elements we use. We will
assume the rear channels are attenuated by 3dB during forward steering, and
that LRL is cos(cs) and LRR is sin(cs). From a single speaker,

PREAR = (0.71*(cos(cs)*( L, +0.71*R, ) — sin(cs)*(R,, + 0. 71*C, )))?

' ' ...(29c)=
If we assume that L,,® = R, 2 then, for two speakers,
PREAR = 0.5*C,,**((cos(cs)-sin(cs))?) + L, 2 ...(29d)
The total power from all three speakers is PLR + PC + PREAR:
PT = (GP*+ GF*+ GC)*(L,.*+R,.®) + ((GP - GF)? + 2*GC»)*C™
+ PREAR | ...(30)
The ratio of C,, power to L, and R,, power is: (assume L, > = R, %)
RATIO = (((GP(cs)-GF(cs))* + 2 * (GC(cs)? +0.5 * (cos(cs)-sin(es))?))
*C..° / ((2*(GP(cs)® + GCles)® + GF(es)®) + 1) * L, 2 '
...(31a)
RATIO = (C.* L,,>) *((GP(cs)-GF(cs))? + 2*(GC(cs)?) + 0.5*(cos(cs)
— sin(es))?/ (2*(GP(cs)® + GC(cs)? + GF(es)® + 1) ...(31b)
For normal stereo, GC=0, GP=1, and GF=0. The center to LR power ratio
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else tnp-= ((47-y-x)/(47-y))*gof diff(y); [|fr3d(47-x,47-y) _
-sin_tbl(y)+tnp; end SHCE 0 2 MAY 2000 Note that the sign of gf diff is
positive in the equation above. Thus ¢gf diff cancels the value of sin(cs),
reduci ng the value of the elenent to zero along the first part of the it =
0 axis. See FIG 27. In FIG 27, note that the value is zero in the mddle
of the plane (no steering) and renmains zero as cs increases to -30 degrees
along the it = 0 axis. The value then falls off.to match the previous

val ue al ong the boundary from left to center and fromright to center. 24.
Panning error in the center output As it turns out, the new center
function, if we wite it this way, CL = 0.42*(1 - G(Ir)) + GC(cs) ...(34a)
CR =10.42 + GC(cs) ...(34b) works well along the it 0 axis, but causes a
panni ng gsr{;ﬁ)er .al ong t he boundary between left and cent er, and between

ri ght and center. The values in reference. [1] of 1996 (V\/mch wer e never

i mpl ement ed) BANOa;s(mﬁftl]:;nzb’tmﬁtlon of cos(2*cs) along the left.[@8apdary.

These val ues e .snpot anni ng between | ef t an woul d |'ike
our new cent quﬁwtibgﬁwtgg‘ﬂ?ﬁ?r qb‘ﬁé’%%m@-‘u\égfﬁfd%& e
can mekeagtiglmh fGhit Ahedn® the matrix el errent that w Il do the job by adding
an addi tional function of xmnéln Mat| ab notation): center fix_ tbl

=. 8*(corr 1- 1) (GPlaerGRics D& 235(GCled 4@ 5*(cos(@if-sii(cs))?) _

tc:glt gE fil Imxﬁg -abl eE ESH;@%%’S)QI(:%?&%%&GB'(?S% ee6;d§’()(r:rz)nsro(rzlglnt rerap]; :é'?s(gfﬁ)at i on

of the CL natTh#& equ@didh dbove can-be solved numerically. If we assume the GC
above, and GP = LFL as before, we can see the result in FIG. 26.

In FIG. 26 the solid curve is the graph of GF needed for constant energy
ratios with the new “music” center attenuation GC. The dashed curve is the LFR
element of March ‘97, sin(cs)*corrl. The dotted curve is sin(cs), the LFR element
without the correction term corrl. Note that GF is close to zero until ¢s reaches
30 degrees, and then increases sharply. We have found in practice it is best tq
limit the value of cs at about 33 degrees. In practice LFR derived from thesei
curves has a negative sign.

GF gives the shape of the LFR matrix element along the Ir = 0 axis, as cs
increases from zero to center. We need a method of blending this behavior to
that of the previous LFR element, which must be preserved along the boundary
between left and center, as well as from right to center. A method of doing this
whe_n cs < 22.5 degrees is to define a difference function between GF and sin(es).

We then limit this function in various ways. In Matlab notation:
gf_diff = sin(es) - gf(es): .
for cs = 0:45;
if (gf_diff(cs) > sin(es))
gf_diff(cs) = sin(es);
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MAY< 2000 el enent. Wiile not perfect, this correction works well in
practice. In FIG 28, note the correction for panning along the boundary
between I|eft and center, which is fairly smooth. In FIG 29, which is a
graph of the left front (dotted curve) and center (solid curve) outputs,
note that center steering is at the left of the plot, and full left is at
the right. In the "nusic" strategy we currently limt the value of cs to
about 33 degrees, (about 13 on the axis as | abel ed) where the center is
about 6dB stronger than the left. 25. Technical details of the encoder
There are two maj or goals of the Logic 7 encoder. Firstly, it should be
able to encode a 5.1 channel tape in a way that allows the encoded version
to be decoded by a Logic 71 decoder with mnimal subjective change.
Secondly, thg encoded output should be stereo conpatible - that is, it
shoul d sound _as .. close as possible to a manual two channel m x of the sane
mat eri al . Cﬁémﬁﬂﬁﬁ%ﬂ<9h this stereo conpatibility should be that the

out put of thegkdiéfeb2r0: when played on a standard stereo system should

gi ve identicglg perceived |oudness for each sound source in an original 5
channel m'xem The apparent position of the sound source in stereo should
al so be as cFose as possible to the apparent position in the 5 channel
original . |1%fipdtheheundsde/swith the Institute for Broadcast Techni que (IRT)
in Minich, iftydbspane apparent that the goal of stereo conpatibility of the
stereo signaj.as, deperi bed above cannot be net by a passive encoder. A
five channel _recordi where all channel s have equal foreground inportance
must be encoﬁé‘lfséé)qfﬂ&&:‘r“f‘ﬁ%ﬂ”%\%‘.m‘l’r\?’s encodi ng requires that surround
channel s be mbssewlinto the output of the encoder in such a way as the
energy i s -6éndREPLACEMENT SHEET 0 2 MAY 2000 preserved. That is, the
total energy,the output of the encoder should be the sane, regardless of

whi ch input 1's being driven. This constant energy setting wll be
necessary forPssst?” ¥4 sources and for five channel nusic sources where
if (bes <1) %> 46)
bes = 1; %46;
" end
end

~ The LFR element can now be written in Matlab notation:
% this neat trick does an interpolation to the boundary
% the cost, of course, is a divide!ll
if (y < 23) % this is the easy way for half the region
1fr8d(47-x, 47-y) = -sin_tbl(y)+gf_diff(bcs);
else
tmp = ((47-y-x)/(47-y))*gf_diff(y);
Hr3d(47-x,47-y) = -sin_tbl(y) +tmp;
end ' '
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i nstruments have been assigned equally to all 5 |oudspeakers. Al though such
nusic sources are not conmon at the present tine, it is the author's
opinion that they will beconme common in the future. Misic recordi ngs where
the foreground instrunments are placed in the front three channels, wth
primarily reverberation in the rear channels, require a different

encodi ng. After a series of tests (at the IRT and el sewhere) it was

determ ned that nusic recordings of this type were successfully encoded.in
a stereo conpatible formwhen the surround channels were m xed with 3dB

| ess power than the other channels. This -3dB | evel has been adopted as a
standard for surround encoding in Europe, but the standard specifies that
other surround levels can be used for special purposes. The neM/encoder

contains act 'Ngtep k‘. U'ti’xﬁ ﬁ\fgﬁcoq egtdaif?(its ﬁ&s’iﬁog 1§1' ﬁ&agcﬁuﬁ{iﬁhh&osvu

channel s. VWhen suc —occasi‘ona presen e Bhtoder uses
ful |l surgddiff ¢emoels tlhé vahae sﬁum()w)dreduniuga;harv&lﬁ@asméenéxhynt bslBers | ess

corrpar ed ront c t he d gain is gradually | owered
3dB, Eiﬁ?ﬂ%&&oﬁﬂ“%ﬂ@%ﬁ%p‘egrﬁmﬁg g‘:‘]@ %hese active circuits were
al so present IFI6e zqn%@@rthw tBORalG& s 9BrdPn theGnilftHe BEh Jﬁ 7(% est S. i

with the earlier encoder at the Institute for Broadcast Te
Muni ch | stesgingtand refhainstdeyn agts masm%dagm aénngdhdlrr Hdbamsct I y A

Do) S IHENAMLE AR AN AThal th BRY KPo IR Ga1 L PR e Bl iy BRI 1S
s KPR gl RaE Pisraifadiid A

clearly sSuperior or nahce

mat eri al leffb@cmteg-laiaifreﬂcﬂ@hlttwamf&wel oped f| rst as a passive encoder.
The new encoder will also work in a passive node, but is -65 REPLACRMENT
SHEET 00 2 M 2000 primarily intended to work as an active encoder. The

active Chlcphhwnggff&qh&heﬁﬁﬁeé%u@ errors inherent in the design.
However even wthout the active correction the perfornmance is better than
t he previ ous Asiddusns ont; thenewe pentar flunctiom, ifwe writedt thiswaysmal | probl ens
with the firsh _ec&dﬁ dlw ed. Many (but not aII)ofm
probl ems have IE)ee ?ir\(g%(; ﬁg new encoder. For exanple g% Sstereo
signals are &pRI= @dt2 b GC(cs) ...(34b)

works well along the Ir = 0 axis, but causes a panning error along the boundary:

between left and center, and between right and center. The values in reference..‘

[1] of 1996 (which were never implemented) give a smooth function of cos(2*cs)

along the left boundary. These values create smooth panning between left and

center. We would like our new center function to have similar behavior along

this boundary.

We can make a correction to the matrix element that will do the job by

adding an additional function of xymin (in Matlab notation):
center_fix_tbl = .8*%(corrl-1); - '
Then, -

CL = 0.42 - 0.42*G(Ir) + GC(cs) + center_fix_table(xymin) ...(35a)
CR = 0.42 + GC(cs) + center_fix_table(xymin) ...(35Db)

See FIG. 28 for a three-dimensional representation of the CL matrix
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bot.-h the: front and the rear termnals of the encoder at the sanme tinme, the
resulti'ng encoder output is biased too far to the front. The new encoder
conpensates for this effect by increasing the rear bias slightly. Likew se,
we have found that when a filmis encoded with substantial surround
content, dialog can sonetinmes get lost. This problemwas greatly inproved
by the changes to the power bal ance descri bed above, but the encoder is

al so intended to be used with a standard (Dol by) decoder. The new encoder
conpensates for, this effect by raising the center channel input to the
encoder slightly under; these conditions. 26. Explanation of the design
The new encoder handles the left, center, and right signals identically to
the previous design and identically to the Dol by encoder, providing the
center t The surround
channel S%F%%Eﬂﬁoﬁﬂg%ﬂgf#éﬁg%%%p# C%r ey %&%r&l‘ i gu%r ?grr?s fcO and fs()
direct the sum EilGd28}'lﬂdflred:|}m cortdtion foropgaiingwlohgah®bouddgrebephesae shift
rel ative tgo the front or t a path with no phase shift. In the
basi ¢ opé?‘gtai“grfeé‘ltef’h‘ﬁﬁﬁi’c‘ﬁg irly Emi°§ and fs is zero - that is, only
the path whi cfy, p3ES26,N@nih £8 g?ﬁ}f’uli? mseﬁeaaftfmnt%da%HV&rvBEaH&Q%MEN SHE
T 0 2 MAY 2000 The Value crx is ically 0.38. It controls the amount of
negat i ve (solisbeurvied eutpets, eat;ehtlmhcpotnrcstewangea; at ﬂse left Dflﬁlqopb‘m andfuhcoder,
when t he n L h nd B
out put o Hyd® aEEhd righ 1A, B ok i SRrflogh Vo SHEERUR B I Aib P 8T
angl e of aBgub 38alpgrees, t(abouhe3roeathe msmuabeldd)avheﬁeaﬂhmm@r ifabbet t wo
out put cga%Pels i s ﬁ?it¥h is the sumof the squares of .91 and .38 .
i s one. gropger, Bie hls encoder is relatively sinple when only one
channel is driven, it becones probl emati ¢ when both surround inputs are
driven at the sane tinme. If we drive the LS and the RS input with the sane
si gnal ( 5. cEeahnicaldetiails iererrcod@Y all the signals at the sunmm ng nodes

are in_phase, rygp P phthidr S
1.29. This out pute |Ls too 9 %&h%wtﬁgipgg#z%Wc?ﬁ?ﬁ;gﬁ]“lb' ﬁt éﬁaﬂd lict I ve
ci rcui t r pblesto extartesl 5Lhchhnnehtacpc¢en a way that allows the encoded version to

be decoded by a Logic 71 decoder with minimal subjective change. Secondly,

the encoded output should be stereo compatible - that is, it should sound as
close as possible to a manual two channel mix of the same material. One

~ factor in this stereo compatibility should be that the output of the encoder,
when played on a standard stereo system, should give identical perceived
loudness for each sound source in an original 5 channel mix. The apparent
position of the sound source in étereo should also be as close as possible to
the apparent position in the 5 channel original.

In discussions with the Institute for Broadcast Technique (IRT) in
Munich, it became apparent that the goal of stereo compatibility of the stereo
signal as described above cannot be met by a passive encoder. A five channel
recording where all channels have equal foreground importance must be
encoded asdescribed above. Thisencoding requires that surround channelsbe

mixed into the output of the encoder in such a way as the energy is
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to reduce the value of the function fc by up to 2.2 dB when the two
surround channels are sinmlar in |evel and phase. Another error occurs
when the two surround channels are simlar in |level and out of phase. In
this case the two attenuation factors subtract, so the A and B outputs
have equal anplitude and phase, and a level of .91-.38, or .53. This

signal wll decode as a center direction signal. This error is severe. The
previ ous encoder design produced an unsteered signal under these
conditions, which is reasonable. It is not reasonable that signals applied
to the rear input termnals should result in a center ,oriented signal.
Thus active circuitry is supplied which increases the value offs when the
two rear channels are simlar in level and antiphase. The result of m xing

bot h t hepresdrveat Thands] tie fitasenesgy thedubphb of Phe bRBod&PshllaBELSe | S @
90 degree phase difference between the output channels A and B. This

resul ts Pamgnregandessef whiphdmpukis bringdrivan. Whis emstant enprgyREFLINGEVENT

SHEET O ' I i_on i scovered dutin

i soussi Sl HeheeHheltal molf b Bt PR s IR A idolnc iR ERY St

sur r oundirestcunhents hiaive beencdsignedi eplallyatd aluhiasdgpbakérd Atkicupinsuédhannel s
by 3dB, and.adds theminto the front channels. Ih%s the | eft rear_ channel

i s at t enPHSAGSOHTges AR G9mman akthe Pressnt timey,ihisthepyithor’s epindenihat rany
di sadvantkRgewilBeboaB e6finiéh inthd it 28 Music leBbfHBE wh‘é'i'?‘| Ht?ﬁ gfrlgg{'}%ﬁndm I ch

have specific instruments in the surround channels. Bot ess and
t he di r etRstewments arelacedinthedront thxee channélacwith@ritharidnveweberatiomey er
this enc I ks i musi ¢, where the two

sur roundﬁgﬁéﬁme lj?‘a%’é‘tegb?irﬁgﬁljlefvﬁly\%g?%tglgﬁdgﬁé' The 3dB attenuati on was
careful | y choMfer aluevieghofltestisdat tiye TRTt end elspwhdneritawas deleemitodpBat bl e

encodi ng, | .decided th our encoder sho I ncl ude .this 3dB attenpuation
when ol SEutsi&FStaratngs SeniK bt Rt RnoSalit o d5Aan stpe aRomRA L blen &
condi t i oforih kg thé gufehiid ¥itah £l !veerdf mifed Wit BABRAIYPowe thanhe
surround  channel s mﬂlhe- encoder. A_major_function of the function fc in

t he surrStheF ssThis 134 B layel bas been adopted as a standard for surround
encoding in Europe, but the standard specifies that other surround levels car,

be used for special purposes. The new encoder contains active circuits which':
detect strong signals in the surround channels. When such signals are
occasionally present, the encoder uses full surround level. If the surround
inputs are consistently —-6dB or less compared to the front channels, the
surround gain is gradually lowered 3dB, to correspond to the European
standard.

These active circuits were also present in the encoder in application No.
08/742,460. However tests with the earliér encoder at the Institute for
Broadcast Technique (IRT) in Munich I found that direction of some sound
sources encoded incorrectly. A new architecture was developed to solve these
problems. The new encoder is clearly superior in its performance on a wide
variety of difficult material. The original encoder was developed first as a

passive encoder. The new encoder will also work in a passive mode, but is
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t he~l evel of the surround channels in the output m x by 3dB when the
surround channels are nuch softer than the front channels. G rcuitry is
provided to conpare the front and rear |evels, and when the rear is |ess
by 3dB, the value of fc is reduced to a maxi mum of 3dB. The maxi mum .
attenuation is reached when the rear channels are 8dB | ess strong than the
front channels. This active <circuit appears to work well. It nakes the new
encoder conpatible with the European standard encoder for classical nusic.
The action of the active circuits causes instrunents which are intended to
be strong in the rear channels to be encoded with full, level. -68
REPLACEMENT SHEET O 2 MAY. 2000 There is another function of the real
coefficient mxing path fs for the surround channels. Then a sound is

novi ng f?) ﬁhhi‘ﬁy li®fn dedQatwbriPad ah Qcﬁb@ eh@bder. "H?éaétnpé’&r@ﬁft'ry@oﬂerc%" try
detects that these two inputs are simlar in level and 1n phase. Under

t hese comeveralsniall prrorsimberentinibedlesigh.fRoweveénevanwithous theeactivdi s

change t 0, ngodi results i nore precise
decogl ng%g#:leetqztui'm%ﬁrI p‘gegf&%%ﬁcgféﬁ%é% H?%Pge‘flﬂﬂéf%ﬁg s pr ogabl y not
essential, bWith textessive atstehmaévéﬁflldth@er&naﬂ'hﬁl’ohlérﬁs arithdhd riegal
active ci rcu't t hat [gas not yS& Zg rel eased in a product. Level
det ect i n&n('f?ﬁ!‘%‘h meZe| gsgovaredp, ut @of3lhh efithepe preblema davecheen

h I fi |18 hat
channel gadrédRdfih@Rk ne%fén@&rrl?gpéxangﬂ@ é@regyﬂnﬁlé EF{&SI%I\% té na

use five channels mx the vocals into front C n there
is a stbeobl thedinant andazihe rearctermimals Of I’libeemmder a(bltlhpuiamu' timbatiee

excessi v ' hannel,s add to ether in
phase. gn'ﬂt%ﬂtll% eﬂgéé%%rr g?'tg&ff%/@?%?e%g? g &&t Qe 'Igfet é‘ﬁﬂ’a?f’Sﬂ #h the
center champfehsbt;es%Bthbs effeeﬁbymdﬂéasmg/\ﬂ[e bﬁﬂmae slightiie IGRERER, wdit put .
To sumra i ze: %{; ci rcw ar.e eqd to 1. Reduce the | evel of the

surround Eﬁﬁrfﬂgfl t?’% lm i gae wath sHestantial ?Wrﬁﬁﬁ@e"%‘tell"ﬁcr ease
the real dedlekfdati Soebinkéd gepbdt. MHist HOVISR! wfaga%%%'t sMbEb e LBy
create an, unsteered condi.t ?on when t heﬂ?\/\o rear ngy | s g out B’ phase
changes to the power balance described above, but the encoder is also 1ntended
to be used with a standard (Dolby) decoder. The new encoder compensates for,
this effect by raising the center channel input to the encoder shghtly under‘

these conditions.

26. Explanation of the design _
The new encoder handles the left, center, and right signals identically to

the previous design and identically to the Dolby encoder, providing the center
attenuation function fen is equal to 0.71, or -3dB. '

The surround channels look more complicated than they are. The
functions fe() and fs() direct the surround channels either to a path with a 90
degree phase shift relative to the front channels, or to a path with no phase

‘shift. In the basm operation of the encoder fc is one, and fs is zero - that is, only

the path which uses the 90 degree phase shifts is active.

e
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3. :bec¢rease the level of the surround channels by up to 3dB when the
surround |l evel is nuch less than the front levels. 4. Increase the |evel
and negative phase of the rear channels when their level is simlar to the
front. channels. 5. Make the surround channel m x use real coefficients
when a sound source REPLACEMENT SHEET O 2 MAY 2000 is panning froma
front input to the corresponding rear input. Increase the level of the
center channel in the encoder when the center |evel and the |level of the
front and surround inputs are approxi mately equal. Decrease the |evel of
the center channel in the encoder when a there is a conmmon signal in al
three front inputs. Future inprovenents to the encoder are likely to
include a feature simlar to feature 2 above for the front channels. In

the current ¥ﬁgq faleO ﬁﬁ? f
encodi ng mnl?fgggggl 3§&deﬁﬂ8%38 Fgc ﬁ§§§§h%@5P%“?ﬁ%eF§B%§%§é I nt end
t o det ecfeddfos eachdutramdeitanmdde As lim the psevibusgnood @y whmstleaedsion By .

ecod FIG, 2 shows a bl ock di agram of

Frequency dg nt cir ts in th
t he freqaeneﬁﬂﬁeg menp Ch caHreupA,¢ aRBPISoHhe Ho andk B QuFRts Rrve Fhannel

versi on gy d1i deSGRHFsE - 3@769? vﬁl'ii%htrl%ﬁﬁ:s 1ﬁ%¢sftb&fi§ga%gYé‘Bfﬁ‘iP'ﬁiég@%Q@és
filter, a variable shelf filter, and a HRIF (Head™ Rel ated Transfer

Funct i on}he rwerAs wsealithrtatal pewer i the swooutphtiehannsls is noiy -dbptisli ng on
t he val ugp ltnh&.ttrh%%r g;eese(;tl 89 a\ﬁ%l ?gqg ﬁ/s The first two filters change

their e s I'n"response 10 a S|gnal that is intended to represent
t he average derﬁhat tha onftpth eflumslten&oaeﬁhs relatively ddfgsle rwhen iondy pas es

bet ween tro y Steer nal s.. Thi.s sjgn is called the background
control Shgpaelisdsiyensif o631 apaem&%mhgn Epghavrrmeﬁappvwrﬁéﬁbverboa| s

of the cyg 'i:ﬁétsaﬁ'ﬂﬁﬁﬂﬁr If WeldihetROLS 41 O RSPput wikEahe sanfel é’iEnﬁf‘?Jmel

surround signal froman ordi nar@i]rtwo channel stereo signal | so
hi ghl y deemmgs ecqurpenaetia filae), adl therrignalsas dhe summing n@dmnmpha;se [ EC

MENT SHEE] th M0ta? 9421 in each output channel is .38 + .91 or 1.29. This output is too
strong by the factor of 1.29, or 2.2 dB. Active circuitry is included in the encoder
to reduce the value of the function fc by up to 2.2 dB when the two surround
channels are similar in level and phase. ;

Another error occurs when the two surround channels are similar in level
and out of phase. In this case the two attenuation factors subtract, so the A and
B outputs have equal amplitude and phase, and a level of .91-.38, or .53. This
signal will decode as a center direction signal. This error is severe. The
previous encoder design produced an unsteered signal under these conditions,
which is reasonable. It is not reasonable that signals applied to the rear input
terminals should result in a center oriented signal. Thus active circuitry is
supplied which increases the value of fs when the two rear channels are similar
in level and antiphase. The result of mixing both the real path and the phase
shifted path for the rear channels is a 90 degree phase difference between the

output channels A and B. Thisresults in an unsteered signal, which is what we
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e - surround recording that was encoded into two channel s by
the encoder described as part of this application. These two applications
differ in the way the surround channels are perceived. Wth an ordinary
stereo input the magjority -of the sound needs to be in front of the

| i stener. The surround speakers should contribute a pleasant sense of
envel opnent and anbi ence, but should not draw attention to thenselves. An
encoded surround recordi ng needs the surround speakers to be stronger and
nore aggressive. To play both types of input optimally w thout any
adjustnment fromthe wuser it is necessary to discrimnate between a two
channel recording and an encoded five channel recordi ng. The background
cont rol signal is designed to make this discrimnation. The background
control g@ﬁs (BCS) is simlar to and derived fromthe rear steering

si gnal cs. represents the negative peak value of cs. That is, when cs
nmore negat i veAIsfmevBﬁ&lyhﬂnmh&ﬁEi I discoderéd duein@disttssidhemtthe IRTRAE

posi tive than qu e val ue_of BCS sl ow.y ‘geca yS. However_ the decay of
BCS i nvolMfunich fhat thereiy g furopgan stgedard sureeind ppeedeto fdiisencodey

¢ d
series OfsimiplPasteriates E’h'é‘%ﬂ%h?ﬁoun&’&haﬁﬂeltsgi;y @B Eaf) aaﬁ@ﬂgmcawghw S

In between the foreground notes there is a groun ground may
consi st dront channels: Mhusihe lpffa;qang:h@mmi is mteaaateﬂ andl addyd totise kift of

rever ber ir t. detives t ee S tr ck of the
peak Ievg#blg#] (f'}hate}le‘? gr e%ﬁ%%n%}b% ef haﬁh@ﬁ’% 13%??’%“ qegv& fneo ﬂi% | ess
t han the machHameél filin 4dvend mregeomaﬁgs wihich hueb spécifie 1h§trﬁ§ﬂéﬁtﬁ‘?ﬂ the The

val ue of c¢s dur nﬁ t he e%hbj V\ﬁen f or egr ound aks is used to control
Uhe Seonpusroudtiapns pugpess and e dizechion piibeeainsiruments -
rever ber a}ilPBe 1hfcor1rB%¥lyt ghecod &Y. rﬁ&%e@ef‘ﬁud’ @ﬂé&@é:dwl&ﬁ rabthér {v%‘fﬁmi;ﬂg that

was made by encodi ng five channel ori gg his 1 s because t
r ever ber Slassicalmusie, wbare thetwrsurrognde nnelﬂﬁmairlmrilyluevmodtmbnw th a

rear war d ﬁ@§d%£ﬁ€e1{1ﬁa\éﬁfnb\%ggtchpé}uhpl %E)sen Zﬁrc{{ h IA‘QENEQ%F%F@% %Tgrgc&é efl\%o‘:( t2 g,og

ordinary two annel recor '3
rever ber stéerso cmnpatiidezeacodmg § i degidet \thht buﬁbﬂcoder should include this 3dB

attenuation when classical music was being encoded, and that one could detect

this condition through the relative levels of the front channels and the surrounci
channels in the encoder.

A major function of the function fc in the surround channels is to reduce
thelevel of the surround channelsin the output mix by 3dB when the surround
channels are much softer than the front channels. Circuitry is provided to
compare the front and rear levels, and when the rear is less by 3dB, the value
of fe is reduced to a maximum of 3dB. The maximum attenuation is reached
when the rear channels are 8dB less strong than the front channels. This active
circuit appears to work well. It makes the new encoder compatible with the
European standard encoder for classical musie. The action of the active circuits |
causes instruments whicl_l are intended to be strong in the rear channels to be

encoded with full level.
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BCS-derived in this way tends to reflect the type of recording. Any tinme
there i's significant rear steered material BCS will always be strongly
negative. However BCS can be negative even in the absence of strong
steering to the rear if there the reverberation in the recording has a net
rearward bias. We can use BCS to adjust the filters that optim ze the
decoder for stereo vs surround inputs. 29. Frequency dependent circuits:
five channel version The first of the filters in FIG 2 is a sinple 6dB per
octave low pass filter, wth an adjustable cutoff frequency. Wen BCS is
positive or zero this filter is set to a value that is user adjustable,
but is typically about 4kHz. As BCS becones negative the cutoff frequency
is raised, until when BCS is nore rearward than 22 degrees the filter is
not active. This low frequency filt makes e rear, put puts | ess

obt rusi ve mheﬂhSF%fﬁwﬁ?glﬁ‘gfe{ﬁé%t’ﬁ&t%f{}éﬁ r‘?aﬁ cﬁF%“é&‘.’? X g BF‘E}éf s fok theen a
part of ishierdifitdélfinmidtls.| TReh aSdot@d iY¥ mdving FdmitRe 14 fRHE inBht tolEROHgES it
was controlled by cs, and not_ by BCS. The second filter is a variable shelf

filter. TR&r inputfackiyecicapitydateetsthakthese) tayo imputs pze similar in level ged, at
500 Hz. ' . | | e | ser
di ot et PLARS UhAGEHL R Aio0 P 1d (3uER Y AU bET o FREPELGH STRECT | |
t he cur r ditisddmnger to realt beefficpdntsain the Nacodiig 48569 in'"6 mudsprgdse i S

i npl emented thro Pl.the trix.elenents, .using.the "t trix" correction.
The car| AEF is 472624 PaR. 7 PEAGHFS LIS IREHOR FRPTRhablY Rot etaential, ( he

rear chapuglifsedif®ahRbegdmtaeiem@st. neutral or forward. In the new decoder
presented here the matrix el enents do not include the "tv matrix"

correction. Thereis sxragdditiopgactive cicpwitAhaddosinoties heew nedeasedria ahen
t he soun | S: P o PPN " ' f tion of the
Shel £ 11 Proaeet, T Botactinf bizefita168k at'the A r A BGHERD ST IHG
t he shel tehtes chanael amd thé front defl andeight. Semepopilhamusispensdingdhat t he

S0uC: e U el ks8R o R E Bl o By
resul ti ngtiongesiga#l fi hRrthatée dnpoefs thabtdodet GULBAE WAR- hd@' edda8sifte Wbeal
f requenmpg%er’ since the three front channels will add together in phase. When this
occurs, active circuits increase the attenuation in the center channel by 3dB td
restore the power balance in the encoder output.
To summarize: Active circuits are provided to
1. Reduce the level of the surround channels by 2.2dB when the two
channels are in phase
2. Increase the real coefficient mixing path for the rear channels sufficiently
to create an unsteered condition when the two rear channels are out of phase.
- 8. Decrease the level of the surround channels by up to 3dB when the
surround level is much less than the front levels.
4. Increase the level and negative phase of the rear channels when their

level is similar to the front channels.

5. Make the surround channel mix use real coefficients when a sound source

-69-

REPLACEMENT SHEET

0 2 MAY 2000




the-result is the same as the earlier decoders. There is a 3dB attenuation
when the steering is neutral or forward. However the | ow frequencies are
not attenuated. They cone fromthe sides of the roomwth full |evel. The
result is greater |ow frequency richness and envel opnent, w thout
distracting high frequencies in the rear. As BCS becones negative the high
frequency zero noves toward the pole, so that when BCS is about 22 degrees
to the rear the shelf filter has on attenuation. Wen the soundstage
control is set to "front" the action is simlar, but the zero noves to
1kHz when BCS is zero or positive. This gives the high,6 frequencies an
attenuation of 6dB. Once again, as BCS goes negative the attenuation is
renoved. The third filter is controlled by c¢c/s and not by BCS. This filter
is desi n f the hunan head and

pi nnae q gnhﬂ‘gﬁpgh?égﬂ&r%gn}%%wg%&ﬁ%? g‘?n&i%d% brf‘pe‘% in azimuth from

t he front of Indreasdé thehsel oflthe copp afaﬂﬁeeqneulmyeﬂdaaaﬂﬂ&ﬁnpﬂfe/eeﬂ&rcal | ed

a "Head Rel ransfer. . Fynctj on’ HRTF. These frequency response
functi ond® ¥é %bté‘ﬁ %’e‘fé@ﬁé&%@fﬁrﬁww @QUF%PIWRF%FIF‘#{Q xgaupbopl e. In
general when Pegfuud th%qufréﬁofﬁl@wfthr%ﬁ%%gﬁ??ﬁeBﬁ.?&a%\ghfaﬁ%“éhe&%%e 's a

strong notch in the frequency response at about m |l ar notch
exi st s wiespramos gignabin al thr?SfﬂEﬂmeWENT SHEET 0 2 MAY 2000 is in front

of a |istener he not
sourcegsto thgug|§%¥%#ﬂ?&gh% $%§ s Lot 1) e %833§§3¥&8 cﬁ?@%ﬁe@’q*ﬁﬁ human
brai n us atmilae tp festane® afoveforthe ﬁ‘btﬂiclﬂﬁﬂ?elﬁ.slrmﬁ Qrréhte@dderiwhégt ect s

t hat igund i,ourc h| nd th ste er. The current standard for five
channel $884¥° B@%‘P‘? phase £h aencedingwill eaysethedasedepsopl aced

slightly phgkd €k Mlﬁhd i tﬁa%ar e ihtendt@ aeté&qmée&lﬁf '41{ 2Hu g d ERAT -

Thi s speaker_  position supplies good envel opnent reguenci es.

However Xeseltine eniputiunsteprrd.a | i stener does not produce the sane |evel

of excitement as a sound that is fully behind a |istener. Very often a

filmdirector wants a sound effect to cone frombehind the |istener, and
27. Frequency dependent circuits in the decoder

FIG. 2 shows a block diagram of the frequency dependent circuits that
follow the matrix in a five channel version of the decoder. There are thret;
sections: a variable low pass filter, a variable shelf filter, and a HRTF (Head
Related Transfer Function) filter. The HRTF filter changesits characteristics
depending on the value of the rear steering voltage ¢/s. The first two filters
change their characteristics in response to a signal that is intended to represent
the average direction of the input signals to the décoder during pauses between

strongly steered signals. This signal is called the background control signal.

28. The background control signal
One of the major goals of the current decoder is to be able to optimally

create a five channel surround signal from an ordinary two channel stereo

signal. It is also highly desirable that the decoder should recreate a five channel
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not-fromthe side. It is also often the case that a |istening room does not
have a 'size or shape that is appropriate to place the |oudspeakers fully
behind the listener, and 4" side position is the best that can be
achieved. The HRTF filter in the decoder adds the frequency notches of a
rear sound source, so that a listener hears the sound as further behind
that the actual position of the |oudspeaker. The filter is designed to
vary with cs. Wien c¢s is positive or zero, the filter is maxi mum This
causes anbi ent sounds and reverberation to seemto be nore behind the

| istener. As cs becones negative the filter is reduced. Wen es is
approximately -15 degrees the filter is conpletely renoved, and the sound
source appears to conme fully fromthe side. As ca goes further negative

the fil t&irﬂoﬁnﬂr}%\ﬁ Rﬁ&g%?ﬁ?&% ?ﬁ’cod%ﬁ 1#1&% qﬁ%‘?%"ﬁf@é r@x?@o%%&ﬁe%%tﬂ?é;d behi nd

the |istener to the rear 'S _

nmodi f i edas q;m-ordfeﬁmnabpbcaﬂﬁmHRB%séwvm iapplicationssdiffer iwlthe wayttiee rear.
_ 74 REPLACEMENT. HEET 2 MAY ., 2%20?&&1 Fr ea vency dependent circuits: the

seven chSWoM el fzﬁt’f Pereaiy pp HHepemtant themalqrity he

seven chgfifd sonfd ﬁééﬁh f bet iHrrdat Qflﬁ{e hg-thﬁfe? PhE sEPOMh PSp&deel shbhm of

t hree sections - ugh in an actual inplenentation the second two
sect i onscmtmluetmﬂl@aﬁ@mt senpe®f enwelopreent andrimpbiéncs; bumheetdnqml:ram e

i denti v hanne decod and rmthe

o § uopteRttaied MR Eaio8 Rn dheb b el Eonfli FiErai fE HEEEE i RAnRRA T

In V1. 11spéukeappbbeatrmgd‘d(anmb¥éagé£§ksi\t]w s: de and the reaL cﬂann\tlavlhs had
t trj I t he,.action o eeenents s such that en cs

nan posi t e T PRsChoth Sines iaBuk AR tenally wiFhoh ph erastment s (e

except f@serdRlighecéBearyV 6o ﬂ’i&:i@ﬁﬁﬁla‘%b Pedeb Pantgvb& @haHHEl fedot dieS afll s

negative than 22 de grees the steering noved further to the rear the

si de ouepeadedfdyec @neﬂmceadmg @d@bmerpmdmeatmimmlstsw@smm ed by
MB. . Tﬂl'aie‘?%g§ Qfkorifin 08, '&'Be%ﬁ@foﬁﬁ’d BN Erol rs?éﬂél%(%)di% atrhte

l'istener to
and derived from therear steeringsignal cs. BCS represents the negative peak

value of cs. That is, when cs more negative than BCS, then BCS is made td;
equal cs. When cs is more positive than BCS the value of BCS slowly decays.:
However the decay of BCS involves a further calculation.
Music of many types consists of a series of strong foreground notes — or
-in the case of a song, sung words. In between the foreground notes there is a
background. The background may consist of other instruments playing other
notes, or it may consist of reverberation. The circuit that derives the, BCS signal
keeps track of the peak level of the foregrouhd notes. When the current level
is ~7dB less than the peak level of the foreground, the level of cs is measured.
The value of cs during these gaps between foreground peaks is used to control
the decay of BCS. If the material in the gaps between notes is reverberation, it
may tend to have a net rearward bias in a recording that was made by encoding
a five channel original. Thisisbecause the reverberation on the rear channels

of the original will be encoded with a rearward bias. The reverberation in an
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rear of the listener. In the present decoder the differentiation between
the side output and the rear output is achieved by a variable shelf filter
in the side output. The third shelf filter in FIG 3 has no attenuation
when es is forward or zero. Wien cs becones nore negative than 22 degrees
the zero in the shelf filter noves rapidly toward 1100Hz, resulting in an
.attenuation of the high frequencies of about 7dB. Al though this shelf
filter has been described as a separate filter fromthe shelf filter that
provi des the "soundstage"” function, the action of the two shelf filters
can be conmbined into a single shelf through suitable control circuitry.
Wiile the preferred enbodi nents of the invention have been described and
illustrated herein, nmany ot her possible enbodi nents exist, and these and

- 75 REPLA dif d.v
o FEEC Y SV Pongs el RS b A yBEh RS OY T e
Spi rit ofrevéxberavioniwilbbe zéfo oREREHAMFIGN A GHEET 0 2 MAY 2000 WHAT IS

CLAIMED | S: 1. @Ssurround ound decoder for redistributing a palr of left
and right aud? dgptreddng éﬁwarﬁwwwfbﬁ%bﬁﬁmﬁsﬁc@n i Arytime

non-di r e@flé%'& mﬁ@?gﬁlsst'e@t &1 Aalb b B ?@vﬁf algtH'ygﬁte s@ﬂ@t@?%%ggﬁrv

reproduction throug |'oudspeaker's surroun tenl ea, an
i ncor por &laweyerdd canibe ngghtiveievendgn thealisermetqfcsnedngxtataalmtgwfthaaedrl eft

d h d f ft- h
L R A S (TSI W IR

conpri si BES teddjusikhe filgbis thap optinficathetscdder féesteted ﬂﬁstﬁ@b@n& fypeespondi ng
left and right audio input signals; left and right delay means for

producing del ayed left and right audio signals fromsaid left and right

audi o i npgt ﬁ#m@h@z &Pehaeﬁé birkufth: ﬁ%téhlﬁ?h%i V%BPequa' to twce the
nunber of sai urari Ig channel s zed in pairs, a first
el enent of ea’Ehe fqpﬂo@@jqﬁ}tegeim I@ 2isasimple 6dB per octave low pass filter,

with an adjustable cutoff frequency. When BCS is positive or zero this filter is

set to a value that is user adjustable, but is typically about 4kHz. As BCS
becomes negative the cutoff frequency is raised, until when BCS is more
rearward than 22 degrees_ the filter is not active. This low frequency filtel;::
makes the rear outputsless obtrusive when ordinary stereo material is played.
The filte;- has been a part of the decoder at least since V1.11, but in the earlier
decoders it was controlled by ¢s, and not by BCS.

The second filter is a variable shelf filter. The low frequency section (the
pole) of this filter is fixed, at 500 Hz. The high frequency section (the zero) varies
depending on user adjustment and on BCS. This filter implements the
“soundstége” control in the current decoder. In the application No. 08/742,460
“soundstage” isimplemented through the matrix elements, using the “tv inatrix”
correction. The earlier decoders based on this work reduced the overall level of
the rear channels when the steering was neutral or forward. In the new decoder

presented here the matrix elements do not include the “tv matrix” correction.
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sai d delayed left audio signal and a second el enent receiving said del ayed
ri ght ‘audio signal, each of said multiplier means nultiplying its input
audi o signal by a variable matrix coefficient to provi de an out put signal;
said variable matrix coefficient being controlled by one or both of said
steering signals; and a plurality of summ ng neans one for each of said
plurality of output channels each said summ ng neans receiving the out put
signals of a pair of said .nultiplier neans and producing at its output one
of said plurality of output signals, the decoder having said variable
matri x val ues so constructed as to reduce directionally encoded audio
conponents in outputs which are not directly involved in reproducing them
in the intended direction and enhance -77 REPLACEMENT SHEET jliji - g 2
MAY 2000 111LL ]I ctional | nco di o, cogpongnt s .i.n, t he
out puts whi chiBthe BeFsaepders wheh ERSeuraERee tRitrab L i P e Mighdeq
di r ect i Ofr&quéifeyisectibh BF 8hé'shél@ Fited'ik sé@écﬂiam@\ﬁﬁé 1&9&}@4&%@ s8&RdS - inhi | e
i gh separation between the |eft channel conponents

reserv
gf non- d.ozgtber wem lsﬁghelf hag pgAattenuation. anmélesféhter gaeﬂat nespoingaal ?- and
mai nt ai ni ng t a b .
noln- di Irel:t igona Sl gna (ﬁ‘%&g?%gn égﬁgﬁ g(;nt etli!'ﬁeﬁghg(rg o?g%él%irl%(i}lﬁlanal |y
encoded Sremedrcyareto pamenWlmmdBCSgalpdhm af zéﬂgeﬂ}re idi’]b&ﬁldk&d todiyode£ i-on i f

resent. 2. The dec e |n sai ity out put
channel 5 eﬁgﬂ% %ggﬂ‘i%?l?%ﬁ% of bfsvﬂ]%r SRquendies. e*“ a\!@higbf Ifrﬁﬂllen?‘@f‘t
sur r ound tABdeshlNE the MamewRdhe darTbLdcRIRIE rTlQéreqls%i S4B a&ﬂéhhiaﬁon%m' si ng
frequency dependent variable filter nmeans | 1owing said | eft surround
and ri ghttheustegring wtw'éal gy faswapd v!rlqwqme th%dgen&yquesgsasmamtphase
[ 8SPONSE giferdife@ UTRLY Sohd FomPRSEALPSFLHERYIR with fulf 3! 1RO BEL1Ys
controlle % cont }1

greater low frequency rlchness and envelopment, without distracting high

frequencies in the rear. As BCS becomes negative the high frequency zero
moves toward the pole, so that when BCS is about 22 degrees to the rear the
shelf filter has on attenuation.

When the soundstage control is set to “front” the action is similar, but the
zero moves to 1kHz when BCS is zero or positive. This gives the high
frequencies an attenuation of 6dB. Once again, as BCS goes negative the
attenuation is removed.

The third filter is controlled by ¢/s and not by BCS. This filter is
designed to emulate the frequency responses of the human head and pinnae
when a sound source is approximately 150 degrees in azimuth from the front of
the listener. This type of frequency respohse curve is called a “Head Related
Transfer Function” or HRTF. These frequency response functions have been
measured for many angles for many different people. In general when a sound
source is about 150 degrees from the front there is a strong notch in the

frequency response at about 5kHz. A similar notch exists when a sound source
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signals responding to the presence of surround or background anbi ence
conponents detected in said left and right audio input signals. 4. The
decoder of claim2 further conprising frequency-dependent variable filter
means and additional delay neans following said |eft and right surround
outputs for providing fromeach said surround output a side and a rear
-out put channel such as to vary the frequency and phase responses of the
several outputs in a prescribed manner said variation being controlled by a
nunber of control signals responding to the presence of surround or
background -78 REPLACEMENT SHEET 0 2 MAY 2000 anbi ence conponents
detected in said left and right audio input signals. 5. The decoder of
claim3 or 4 wherein said control signals are: a center-surround contro
signal r I \e . ratio of Jn- nter . siognal ongnts.to
surr ound?%ﬁgﬁdtn&p%ﬁaaglelts%ﬁlgeﬁal blglg rrlﬁloﬂ'gﬁt% g g(?: g}r’ﬁg ?{.0%@31 1§ %ﬁ gg‘i"ﬁt gﬁ%ﬁ rbgton'ﬁnq I ght

audi o i npotircEsgodals; sidedfahkdidtgnet dd mutproducsitheab notcled)SIvehiitndhe
' ontained in said |left and right

presence_of, antiphase signal conponent |

audi 0 | nﬂ?ﬁ?l%ﬁ‘@"féﬁ Rf&ﬁ?ﬂg‘* 0%35‘5“?.8 Ecq\/\ﬂegklfié agongaf|the waysibdetschnihat ar e
present. aGouhd@oteeiefihdihdiliRedes Nr OUgh 4 wherein at |east two
different nodes of operation are provided and wherein the matrix

coef fici ent s Bhe currentratanddrd forf five nhagnelsanmdirepreductigngiegominsends t he

differen ' The ,d der. of . gl ai.m 6 whey ei film
mode of AP AR 6 refBlsePbbe blagsd iR Bentha G litiensingt ScHRLEF audio
si gnal s d20idegdeés frond therfrontuThis Qﬁﬂﬁ:e&%sﬂ&ibﬁu}i?ﬁ@@ £66de698lopEne NMUSI C
node of ogfra ion is, opfimzed for t{#e ction of nusical recordings or

product | )
br oadcas 5 08 ITeARSTFIRS ALYV BYeT R SAUR ‘W\‘ég}é‘? pideqt lighensn degs ppk predusees the
matri X yRé 48mef1evel bLex@témenf akiaB¥urdd aikt i%%ﬂgﬁ]?elgi?ﬂtiﬁsmt. ryeled to

elimnate as nuch as possible the center conpon e 1 nput sidnals,

and t he afienafilm director wantseseund effeet tonomefronmsbekimddhelisteder watd t he

attenuatkggﬁgﬁngﬂg ﬁggter output starts at |east 4dB greater than
previ ously stan ara ecoders, and

It is also often the case that a listening room does not have a size or shape
that is appropriate to place the loudspeakers fully behind the listener, and a
side position is the best that can be achieved. 5

The HRTF filter in the decoder adds the frequency notches of a rear
sound source, so that a listener hears the sound as further behind that the
actual position of the loudspeaker. The filter is designed to vary with cs. When
cs is positive or zero, the filter is maximum. This causes ambient sounds and
reverberation to seem to be more behind the listener. As ¢s becomes negative
the filter is reduced. When ecs is approximat.ely —-15 degrees the filter is
completely removed, and the sound source appears to come fully from the side.
Ascs goes further negative the filter is once again applied, so the sound source
appears to go behind the listener. When cs is fully to the rear the filter is
slightly modified to correspond to the HRTF function for a sound fully to the

rear.
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reduces rapidly as the center/surround steering signal becones nore

posi ti ve, 79 REPLACEMENT SHEET F13 2 MAY 2000 3t * CL ~ S* ~the
intermedi ate matrix val ues bei ng deternined by the requirenment of keeping
the power ratio of the center conponent to the uncorrel ated conponent of
the input signals identical at the outputs of the decoder. 9. The decoder
of claim?7 wherein for decoding nusic sources the matrix values for the
center output are so constructed that the center attenuation starts at

| east 4dB greater than a standard decoder, and reduces gradually to the
maxi mum val ue for a standard decoder, a value reached at a center/surround
steering signal value of about 20 degrees, the attenuation then holding
relatively constant as the steering value increases, and where the |eft

and 11 igol K9LuIRLY LXpANUERPLALE0ICUILRUSEG ! Ualgblie center componen

del i ber at el y Biprus) stotvs the Seequemty tdependentitcinduithidchdesedar chaanedwer

ratio of the ce one, to the uncorrel ated, conponent of the input
si gnal s, YEREOR % r‘il%BrfJH 'P%ﬁ?ﬁ are Shownas consistingoirthsge sectiansis bei ng

addi ti On&hdhbd%mteﬁﬂhctﬁhl ixﬁﬁl&ﬁ&&ﬁt{&wﬁég&gnatt%rsb@ﬂoﬁébé&?b& Panbigsgl ts in

an appr oxi mat 6dB difference in | evel between the center output and
ei t her th@tQ@FQCKF’Wftkght front output. 10. The decoder of clalml wher e

the left d n re so constru I nput
Si Snale enggde'ghg gﬁ £ Eg@?%ﬁ@&ﬂé&?:? ﬁgp% Eﬁ t% Pect ’r?nlsilggﬁﬁg‘t ﬁml“ﬁé | ef t
rear di rdecd:dm,amﬂ pexforny teg sﬁnéefhtrﬂvc\:heibn Tllri]@dhﬁ?Ssmhdwisp&lﬁl 1fe0ﬂ§[ tH@t front
t put he d d im1l ere the_Jeft and ri ront matri X
ol chen; s 524 QU Qpriaredn Hat | FRRABS iFatian Noy B/ T340 e sighard b | or
signals redfcliihélcHdd\lepatabd mdlrik 8mert30The action of the elements was

such that when cs was positive or neutral the side and the rear oufputs were

identical except for delay. The two outputs stayed identical until ¢s was more
negative than 22 degrees. As the steering moved further to the rear the side
outputs were attenuated by 6dB, and the rear outputs were boosted by 2dB;
This caused the sound to appear to move from the sides of the listener to t:he:=
rear of the listener.

In the present decoder the differentiation between the side output and
the rear output is achieved by a variable shelf filter in the side output. The third
shelf filter in FIG. 3 has no attenuation when cs is forward or zero. 'When cs
becomes more negative than 22 'degrees the zero in the shelf filter moves rapidly
toward 1100Hz, resulting in an attenuation of the high frequencies of about
7dB. Although this shelf filter has been described as a separate filter from the
shelffilter that provides the “soundstage” function, the action of the two shelf
filters can be combined into a single shelf through suitable control circuitry.

While the preferred embodiments of the invention have been described

and illustrated herein, many other possible embodiments exist, and these and
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0 T 1 e N I Wt -.... __ R s that have
no net ‘left/right component, but have a center/surround steering val ue of
about 22 degrees, said | evel boost reducing to zero as the center/surround
steering val ue decreases to zero, increases to 45 degrees, or as the

| eft/right steering value increases fromzero to +-45 degrees. 12. The
decoder of claim4 or 5 further conprising additional circuitry that
creates a background control signal by detecting the direction of the
background sound between notes or syllables in the input material, said
background control signal rapidly being set to the value of the said center
surround steering signal when the center-surround steering signal is
negative, and said background control signal being slowly set positive
when the g i . . | lables is
" the 1 SERoieaions ARa YEFRUMUNPRLRER AN AK SRRV 8 101
negat i vewithaiet déyerting fromnthe spieitddfdhedheentibni s pl ayed, and a positive or
zero val ue when standard two channel naterial is played. 13. The decoder
of claim 12 where the said background control signal is used to contro

the relative |loudness of the front and the rear outputs, such that the

| oudness of the rear outputs is reduced when the background between notes
is either neutral or positive in direction. 14. The decoder of claim12
where the said background control signal controls a variable |ow pass
filter in the rear outputs such that the cutoff frequency is set to a user
adj ust abl e val ue when the background direction signal 1is positive or zero,
and to rises to a high value when the background direction signal is
negative, thus nmaking the surround outputs | ess obtrusive when -81 REPS-
S~IEET 0 2 ~-Y 20 I~"I~"10L001 00"ttt ~trr' 1 ordinary two channe
material is played. 15. The decoder of claim 12 wherein the said background
control signal <controls a variable shelf filter, such that when the
background control signal is
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pasitive-or zero frequencies above 500Hz in the rear outputs are attenuated
by a user adjustable value, and when the background control signal is
negative this attenuation is reduced to zero, thus making the surround
outputs | ess obtrusive when ordinary two channel material is played. 16.
The decoder of claim5 where the rear outputs of the matrix are split into
a side output and a rear output by a conbination of additional delay in
the rear output, and a variable |ow pass filter in the side output, said

| ow pass filter being set to a high frequency when the said
center-surround steering. signal is nore positive than -22 degrees, and as
the center-surround steering. signal becones nore negative than -22

degrees tW@gaAhmors ppaIMEpagency rapidly being reduced, to a final value of
500Hz when the center -surround steering signal reaches its mni mumval ue

of -45 degreep. 17a g[Rfo@REQ6\EHA AbcdaepFdp r"ed\IR?fbﬁﬁiéﬁ‘%% kggéof%ﬁ ahli9ht,

surround outputs of a five channel version o r are a tionally
suppl i edawdlioh inputyrsighhks ihcludingt Hireciondldy eencddedf reaggluanmoydirestionsle of

t he human head/ pji hnae sysiem..for, sound spurc hat ar re than 150

degr ees F?\mggPWEttshlatPoﬁ P*}é‘% n2f °uER}gLn cﬁﬁﬁflee%ht% trﬁ%r@éﬁg’g‘oé‘e M&r r ound
st eer i ngldudgpahkeérs E@FRPUAAINGSA t liMeninle arkh| t#Hd asodgoratiByi Meanef fect, and
as the center-surround steering signal varies fromzero to -15 degrees the

filter afetesmining bhrditpatipnad contepijoh saidleft anderight pudie signals @ndng
becone f : ' [ e € ) | ' L\ o B2
........ enat R el Ol R gt e B PR AR T o R ot e e Fiund
nmodi f i-essteeringf sighalgbhé decaler@onguiising: t o t he frequency response of the
human head- pi;npae. system for ,sound .squrces .fully .to the rear as jhe center
surround st eé?ﬁnﬁni hﬁ%’;l inpRk (REMINgIE quﬂf ﬁﬁﬁﬁjm%f\’lﬂé ‘iﬂ"@%’@naé‘b% anflg  an
encoder tigh¢audid inpudwigmalsj cal |y mi xing five channels of audio input
signal s down h that the_energy_ratios in the

igﬁo WD oué ut channel s su& |
i nput  si gnal S5 80¢ Fist delayi mepns fonppaducing delayed deftgrnd sighinandior he
i nput  signal$frotn BARISRITY 8Hdirigh 18u B33RPus Ri4YR! | tude rel ationships of
different conponents in the output signals, and such that as an input
signal is pafidyrality of multiplier mean equal totwice thenumber of said plurality
of output channels, organized in pairs, a first element of each said pair receiviné:
said delayed left audio signal and a second element receiving said delayed righte
audio signal, each of said multiplier means multiplying its input audio signal
by a variable matrix coefficient to provide an output signal;
said variable matrix coefficient being controlled by one or both of said
steering signals; and | |
a plurality of summing means one for each of said plurality of output
channels each said summing means receiving the output signals of a pair of said
multiplier means and producing at its output one of said plurality of output
signals,
the decoder having said variable matrix values so constructed as to reduce
directionally encoded audio components in outputs which are not directly

involved in reproducing them in the intended direction and enhance
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fromsany i nput channel to any other input channel the phase/anplitude

rel ati onshi ps of the output signals decode as closely as possible to the
original direction through a decoder according to claim1, and al so as
closely as possible to the original direction when decoded through a
standard fil m decoder, said,. encoder conprising: five input termnals for
receiving said five audio input signals respectively identified as left,
center, right, left surround and right surround; two output term nals each
for providing one of said two output channels to external apparatus; neans
for determ ning the anplitude/ phase rel ationshi ps between sonme of the said
five audio input signals and producing control signals therefrom and

means for mxing either fixed-or variable proportions of each said input
channel S I €a ns

bei ng rgg%gir;\@?\%ﬁi %ﬁgdal gt %g(rl@lrj%) E’?g‘ﬁgfg]% %Se éﬂ%u\é%c%?% ,?g d ai H}QB

wher ei n hhmlvedcml tegrondmiugddahemeimtheantmded/dhgeccmn ectast tremmiktaign val ues

such that t t put .sSi -83 CEI\/ENT SHEET 02 MAY
3000 1 1 Feasbant el owpr R suchhgtals, FRe Bresersiniueh REaAHon B BTotthe

i nput  si gR@iett %a'}léﬁkﬁclﬁeﬁ{fﬁl%ﬂiﬁheh%s 8PRbARHréRidhiA sigoak réﬁ@é&l&s@bf her in
phase or in antiphase. 20. The encoder of claim 18 wherein the circuitry

i ncl udestheaaid steering signals,and maintaiaing khadoydnesssdefined epshewntal t he
same S 0Rghid SoBPlevElof R%n hﬂ%cp%ﬁébélggmssefr&tm& &?asnﬁ RfehiPat Soff the

encoder have a S rve phase o rees an unst eered
conditi oﬂnfectlandﬁyodﬁrodeﬂlslgiﬂab erec cpciesentf anﬂarergai:&lenhe:fethelt Hateadedii try

i ncl udes e actlvely renove the phase shifting networks in the rear
channel s 3H§E& H°EI§P i s panned between one of the front ‘inputs and a
rear input on the sane side, for exanple.fromthe front Ieft input to the

rear left input. 22. The encoder of claim 18 where the circuitry includes
nmeans to 2. The decoder of claim 1 wherein said plurality of cutput channels

is five, identified as left front, center, right front, left surround and right

surround.

3. The decoder of claim 2 further comprising frequency-dependenﬁ
variable filter means following said left surround and right surround outputs
so as to vary the frequency response and phase response of the outputs in a
prescribed manner said variation being controlled by a number of control
signals responding to the presence of surround or background ambience

components detected in said left and right audio input signals.

4. The decoder of claim 2 further comprising frequency-dependent
variable filter means and additional delay means following said left and right

- surround outputs for providing from each said surround output a side and a
rear output channel such as to vary the frequency and phase responses of the
sévéral outputs in a prescribed manner said variation being controlled by a

number of control signals responding to the presence of surround or background
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actively determne the presence of a common signal on all three front
inputs; and to adjust the mx level of the center channel to preserve the
total power of such a commobn signal at the outputs.of the encoder. 23. The
encoder of claim 18 where the circuitry includes neans of conparing the

| evel of the rear channels to the level of the front three channels, and
when the rear level is less than the front |levels active circuitry to
reduce the mxing levels of the rear channels by up to three decibels,
such circuitry enabling the encoder to optimally encode nusic where the
rear channels contain nostly reverberati on. REPLACEMENT SHEET -84- 1 1
02MAY2000 1L BT I J22a2ar vt reeer e reel ~ooo oo

ambience components detected in said left and right audio input signals.

5. The decoder of claim 3 or 4 wherein said control signals are:

a center-surround control signal responsive to the ratio of in-phase center
signal components to surround or antiphase signal components contained in said
left and right audio input signals; and

a background control signal responsive to the presence of antiphase
signal components contained in said left and right audio input signals during

periods when no strongly steered signals are present.

6. The decoder of claims 1 through 4 wherein at least two different
modes of operation are provided and wherein the matrix coefficients are
controlled differently by said steering signals in the different modes o"}f

operation.

7. The decoder of claim 6 wherein a film mode of operation is
optimized for reproduction of surround-encoded audio signals derived from film
soundtracks and other video sources, and a music mode of operation is

optimized for reproduction of musical recordings or broadcasts.

8. The decoder of claim 7 wherein for decoding film sources the matrix
values for the left and right front outputs are so constructed to eliminate as
much as possible the center component of the input signals, and the matrix
values for the center output are so constructed that the attenuation of the center
output starts at least 4dB greater than previously standard decoders, and

reduces rapidly as the center/surround_ steering signal becomes more positive,

-79-

( REPLAGEMENT SHEET |

ro o MAY 7000 \

oS-t
e i

AR O R

H
t
i

e san
e
1



the intermediate matrix values being determined by the requirement of keeping
the power ratio of the center component to the uncorrelated component of the

input signals identical at the outputs of the decoder.

9. .The decoder of claim 7 wherein for decoding music sources the
matrix values for the center output are so constructed that the center
attenuation starts at least 4dB greater than a standard deéoder, and reduces
gradually to the maximum value for a standard decoder, a value reached at a
center/surround steering signal value of about 20 degrees, the attenuation then
holding relatively constant as the steering value increases, and where the left
and right front matrix values are so constructed that the center component of
the input signals is not maximally removed from these outputs, but is
deliberately adjusted to preserve at the output of the decoder the power ratio of:
the center compohent to the uncorrelated component of the input signals, the..,
action of the center and left and right front elements being additionally limited
at the center/surround steering value that results in an approximately 6dB
difference in level between the center output and either the left or right front

output.

10. The decoder of claim 1 where the left and right front matrix
" elements are so constructed that an input signal encoded to the rear, such that
the direction lies between the left rear direction and right rear direction,

produces no output from the front outputs.

11. The decoder of claim 1 where the left and right front matrix

elements are so constructed that there is a level boost of about 8dB for signals
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that have no net left/right component, but have a center/surround steering value
of about 22 degrees, said level boost reducing to zero as the center/surround
steering value decreases to zero, increases to 45 degrees, or as the left/right

steering value increases from zero to +-45 degrees.

12. The decoder of claim 4 or 5 further comprising additional circuitry
that creates a background control signal by detecting the direction of the
background sound between notes or syllables in the input material, said
background control signal rapidly being set to the value of the said center
surround steering signal when the center-surround steering signal is negative,
and said background control signal being slowly set positive when the direction

of the background sound between notes and syllables is in the forward direction,

_ said background control signal tending to hold a negative value when surround_z

encoded material is played, and a positive or zero value when standard two.

channel material is played.

13. The decoder of claim 12 where the said background control signal
is used to control the relative loudness of the front and the rear outputs, such
that the loudness of the rear outputs is reduced when the background between

notes is either neutral or positive in direction.

14. The decoder of claim 12 where the said background control signal
controls a variable low pass filter in the rear outputs such that the cutoff
frequency is set to a user adjustable value when the background direction signal
is positive or zero, and to rises to a high value when the background direction

signal is negative, thus making the surround outputs less obtrusive when

- -81-

Ty

BRI e

EPLAGEMENT SHEET

o



O R ]

ordinary two channel material is played.

15. The decoder of claim 12 wherein the said background control signal
contrdls a variable shelf filter, such that when the background control signal is
positive or zero frequencies above 500Hz in the rear outputs are attenuated by
a user adjustable value, and when the background control signal is negative this
attenuation is reduced to zero, thus making the surround outputs less obtrusive

when ordinary two channel material is played.

16. The decoder of claim 5 where the rear outputs of the matrix are
split into a side output and a rear output by a combination of additional delay
in the rear output, and a variable low pass filter in the side output, said low pass
filter being set to a high frequency when the said center-surround steering';

signal is more positive than -22 degrees, and as the center-surround steering.

signal becomes more negative than —22 degrees the low pass frequency rapidly

being reduced, to a final value of 500Hz when the center -surround steering

signal reaches its minimum value of -45 degrees.

117. The decdder of claim 4 where the left and right surround outputs
of a five channel version of the decoder are additionally supplied with a variable
filter that emulates the frequency response of the human head/pinnae system
for sound sources that are more than 150 degrees in azimuth from the front,
such that when the said center-surround steering signal is zero or positive the
filter has its maximum effect, and as the center-surround steering signal varies
from zero to —15 degrees the filter action is reduced to zero, and as the center-

surround steering become further negative the filter once again acts maximally,
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and then modifies itself slightly to correspond to the frequency response of the
human head-pinnae system for sound sources fully to the rear as the center

surround steering signal reaches its minimum value of -45 degrees.

. 18. An encoder circuit for automatically mixing five channels of audio
input signals down into two output channels such that the energy ratios in the
input signals are preserved in the output signals, the direction of the input
signals is preserved in the phase and amplitude relationships of different
components in the output signals, and such that as an input signal is panned
from any input channel to any other input channel the phase/amplitude
relationships of the output signals decode as closely as possible to the original
direction through adecoder accordingtoclaim 1, and also as closely as possible
to the original direction when decoded through a standard film decoder, said:

. encoder comprising: |
five input terminals for receiving said five audio input signals
respectively identified asleft, center, right, left surround and right sufround;
two output terminals each for providing one of said two output channels

to external apparatus; |
means for determining the amplitude/phase relationships between some
of the said five audio input signals and producing control signals therefrom; and
means for mixing either fixed or variable proportions of each said input
channel into one of said two output channels, said variable proportions being

responsive to said control signals.

19. The encoder of claim 18 wherein the circuitry includes means to

actively correct the mixing values such that the energy of the output signals
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matches the energy of the input signals when the same signal is applied to the

rear inputs either in phase or in antiphase.

20. The encoder of claim 18 wherein the circuitry includes means to
actively correct the mixing values such that when the same signal is applied to
the rear inputs in antiphase the outputs of the encoder have a relative phase of

90 degrees, indicating an unsteered condition to a decoder.

21. The encoder of claim 18 wherein the circuitry includes means to
actively remove the phase shifting networks in the rear channels when a signal
is panned between one of the front inputs and a rear input on the same side, for

example from the front left input to the rear left input.

22. The encoder of claim 18 where the circuitry includes means to-
actively determine the presence of a common signal on all three front inputs,
and to adjust the mix level of the center channel to preserve the total power of

such a common signal at the outputs of the encoder.

23. The encoder of claim 18 where the circuitry includes means of
comparing the level of the rear channels to the level of the front three channels,
and when the rear level is less than the front levels active circuitry to reduce the
mixing levels of the rear channels by up to three decibels, such circuitry
enabling the encoder to optimally encode music where the rear channels contain

mostly reverberation.
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