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Field of the Invention
This invention relates to sound reproduction systems involving the decoding
10  of a stereophonic 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.
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_es 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
Apparatixs 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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Application No. 60/058,169, entitled "5-2-5 Matrix Encoder and Decoder .

System " filed Septenber 5, 1997, which is a continuation-in-part_of U S

Patent Application No. 08/742,460 entitled "Miltichannel Active Mtrix
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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 -

-9~ This Sheet Has Been Repla

——

[ I—



i SUBSTI IULGod8ET (RULE 26) r. WO 99/12386 PCTI US98/ 18390 gerodosAlidaut

si gnal s. € various conbinations of the input audio signals may be
.mathematically described in terms of a Nrow by 2:colum matrix, in which
there are 2N coefficients each relating the proportion of €ither left or
right input audio - signals contained in a particular output signal. - 5
The matrix coefficients may be fixed, in which case the matrix is called
[_)assive(\'ha(l)ﬁn 1Qey may vary in time in a nmanner defined by -one or nore
control =" ="8Tgnals, in which case the matrix is described as active. The
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coefficients in practice inyvolve the use of precise phase quadrature
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encoder -of the prior art. A ification tg the decoder esign ich w
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al so be acconplished by 'making the matrix el'ements conpléx. ['n"a passive
mat ri x, appacént dirdefioned the @redaminant souhd churbe thaefi§ tHegndre active rather
constan%h such as the Dol by Surround matri x; -several ideal properties are
achi evedBY RA¥tbl e choice of the coefficients. These properties include
the 25 foll qQu M orSbB0A! D gt @&Qﬁ? M| e
r epr oduced bywaﬂ%a%s"ve rra(t)lﬁ X ecg er&vfnﬁ{iﬁ{ equa elog{t}g(r?g%sre\rgggéglra%ngs of
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di rﬁft ' At ey o@tissprgéile%s Lgfir}g Qlai%en 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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channel s. When the input signals are a conbination of a directionally
encoded conponent and a decorrel ated conponent there is no change in
either the | oudness or the apparent separation of the decorrelated
conpofEnhpbubiniceetrolingan active majniswhich takes thecsigoals oy thadwpeithpadaponent
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passi PatentnNiohé,0e46,0981alA Polthix with fourthutpacs ey désuritid irpdétaibiie rear

channe] . out put__i rovi ded, which typically is reproduced on nore than one
" ouds GEiReeResr, 1655 Hatgut Ao, duih SR eA0 Beraruplete Foriem faral deseripgion fat

th . of : P _ " .
i gh 23 BAGHE, hidreOiere Rttt derinithn 612 NEbaRAIMBKHAY, if 66 °
Previ inGrpedingers, UaBe Pacact Noe 8, 186)55( s pedifferont six owiputahatrixdsr r ound

sgund .decoder s r conyersiqn of a.stereophoni udio signal pair into

mH ti HF%th‘UI Hh&pﬁﬁgagq’éiﬁsﬁaw ]§P1' %Sﬁﬁwdeé@r& SO BRI THRAEERT ent

di r ecigk Q4 I i%i@rﬁﬂ desh oSt : ﬁ.ﬁ@ hed
from P %Pﬁbﬁfé:g;%iht@ ﬁgrrl?gl ¢ t hegr at | %%of t%ite&;?r%?iﬁ?ﬂggs of t eeltc)gorrr%ghgélftm%ﬁ t he

| ef t dmcbctiophl cohtrohelgnads asidescgbed ebpheni ¢ pair, along with the | ogarithm

of the rat anc%eéyﬁleegetxggtr%ge@ i%fcotnggrsu%ted somewhat differently, but in each case

each output is formed by a sum of the two input signals, each input signal having

15  been first multiplied by a coefficient. Thus each matrix in the prior art can be
completely specified by knowing the value of two coefficients for each output and
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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- assune that these two directional control signals exist in a usable ferm
For the purposes of this invention, these directional control signals can
be possibly derived fromdirectional information recorded on a subchannel
of a digital audi.o sigpal. 30 ,.This invention cgncerns the us o .Whi ch
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t hat of Mandell, described in U S. Patent No. 5,046,098. A matrix with

four outyings ptangardizesbpurrchanmal toitiwo charrelepooder). S, Patent No.

4,862,502, . i | d 4 pti f  thi tri |
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descri béld,i n Fosgate, U. S Patent No. 5,307, 415. these prior
mat ri celheiysum ppdtthein differsnce caad theisgmee foumsigyalnaften passingothnough

: : i i . si gnal descri hed. above. . Each
of 10 octiafle faix' Mbollcrf chhAMed A tAE i PRRRE oy oF Siblalf e pebsile”
each outcpedlldes therteerthshyf eachuoniguttthettare relpied i 4 pakticuRachputiuid si gnal

havi ng .15 pbeen firs; |tiplied by a coefficient. Thus each matrix in the
prior athereax tBec{f‘cgEﬁ%ﬂegtE’@I matnx somplgtely irredosethiarme spathat tre degpder can

coefficy . -OU§: : () effici s vary as a function
of the lc’i??%%tl%é(yng %gr%ﬁ{%)lgﬁtgll gﬁ%ﬁlgl%h%%g@%?%g?%lgo F?lg%t i onal information
as descri bedlmbBostendard<dm decader| & bocsntis apphietite thepfroh¥ ckhafely wheh & N
by 1% naétrrloﬁ’glymgf?erege s%gsnélhs%cﬂuggj glralgfg ig lf)trggént(.: h’FRigexllgs’ets 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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background etfects or nusic¢, relative to the bal ance between such
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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Signals | j screte 5 channel novie theater system Angj ctive
bl PEFRRRREe

encoder ed herein is needed to correct the bal ance between t
.strongly steered front signals and nusic. There is also a need to inprove
both encoder 20 and decoder performance in regard to |eft ‘side and right
side signals. A further inprovenent in the decoder is tolimt the effects
of abrupt changes in the directional control signals to provide better

d ' id ch herein. Ln additi
ent oAl ge fdreal bErale WAl ettt pifh REDabt psfiEeBh EBE et and
previ oysgky tleshméesorkporent3aifendn-Aiflctionhl Sixnadleresariesk abtheste rary of

the I nvention The present invention is concerned wth realization of the

act i ve signalsx anf80 enpstwactedfoppaintain dbedphdnespdefined astthepwpahaudivust i c
erformance. ;. The | nt.l 00 . | sury.ound . sound decoder, having vari abl e

Ironatt rix RPX? eﬁelsevgg of %ﬁé%kgﬁéfi%lgsdaﬁgist ?cé’d’ﬁg% Caﬁlﬁ%‘&i hﬁﬁ?‘? %n?:‘gtded audi o

ConﬁonQﬂi'éctidheﬂliy BHESdethbighals Bir6 pPE&sit diabr |8epbeaRIr ihtdnded! dirbétidn |
SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386 PCTNS98/ 18390 are not directly

i nvol vef prasendpr oduci ng themin the intended direction; enhance

directional | . audi o . Ln.the. out puts which..are directly
I nvol ved | n’i‘}rmleesgﬁg%%gllo%ggisﬁé%gﬁ@egﬁgﬁﬁﬁvgﬂ(ﬁ(:ﬁlv& érﬁcgﬂ%s ﬁngﬁo%gqugs% ain
const andort&dtathe Ipalodce betwaen stedrgrlflsseeredi frénp Yiand dé@irslapad aludd
bet ween _trhe Iefet and g right charﬁ}ggfx cee onents %Eﬁwnon-di rectional signals

r egar dl Eenalsf due do dhediaogt of @qgﬁaﬁlg@al@g\mnﬁm pecaraiing standayddiles ﬂe@e?ﬁ:md
A oo Lol : . : foor
cohr o A8 Mt G, BRURIase THE scBhra ORI EEN RBBICS bIARS Bhedcry ' and

r egar dl escoreéldtbéilefti ariceipdd side énputyard presented to the @nebdérer fedlso
enbodi nent, a surroua% sound, decoder. i.s provided for 10 redistrihbuting a
t

pai r of REMRPIHFS Y %H?ﬁorlﬁ‘ﬁme dndng fiim H@Fmrn@%&ﬁ%@qltﬁn‘élﬁﬂyre&%@oded
o0 TorFlAEl LI5S, o Akt Rh SRSIBELEy e
to the effects of abrupt changes in the directional control signals and limits the
15 more slowly changing signal to provide better dynamic response to the rapidly
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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. incorporating circuitry for determning the dlrectlonal content of the |eft
and ri g 99&%%%0 signal s and generating therefrom at | eaBETASPHIBA | ght ’
steering signal and 15 center-surround steeri ng signal. The decoder _
‘includes delay circuitry for delaying each of the left and right .audio

I nput signals to provide delayed |left and right audio signals; a plurallty
of multipliers equal to twi ce the nunber of output channels, organized in
pairs, a first elenment of each pair receivi ng t he del ayed left audio

si gnamakria encoding m@otvm ehaneelsafel five ghanselisoundirack ghat willidecedgnal |
h ofs | bl
11 e 8% S deB Bl Al B9 Nl pbldopite B G0 i e S ™ ©

coef f ¢learend] drégingl.control | ed by one or both of the steerl ng signals. A
' summ ng devi ces. are praovided, one for each of the plurality

g# u{)ﬁlt :ofﬁ/ &aﬂh@ advaptageof the jpvendon aﬁﬁbatslfrem aqgntacéwsmqmdezs e
or aBic ndsMaterberkiiiniitd 1 rediicls BEhO 1SR URIHER sliktoutif iR}l ' 0o

constthsct,t:ﬂﬂnasatﬂe WrthOb.lpassikreéthei ehalre) epeodeled audi o conponents in outputs

which are pat. directly. involved in reproducing.themin the intended
directi on; White the derdd qrdg“t@@ inyenRatReEaths: QRPN Wher the astivefave

coNpPogetSell dhdolibr 5 amhﬁth S‘f fild fifdentionlis' (hat! ﬁ:ﬂ AI{'aE q.ﬁﬂllé%éh et

themlnt elntendg%iIl rectlons to el ntal b cons
Has Bemrmedtiqu anee\doi'k itlddﬂ aleld;iﬁﬂn]all&lﬂebﬁtddﬁce IR ba'\hff&erEEEnéMdE 26) WO

/12386 PCINS al power for such signa whj | e preserw ng high
par%‘(ﬂﬁbﬁl%éfig fgalidgf T nel WSWﬁM@ﬁg%e%ewg gt or the five'
non- dbﬁﬁ%él%%sn% H{Etirﬁx E8ded hasieh qk atnhﬁs £ oF 'tﬂﬁ gréé&ftaﬂn%egl figdl. so

constructed to maintain the | oudness def as t total au power
| evel of nAﬂn—aldvamlalgerﬁ'lthﬁayﬁallesmatlfm(ﬁncoédzlyoi:timslramntvdmtshﬁratalt not 5

dlrectlon encaded sent an egar dl ess, .of their intended
i 1 oobtEhdes fyRABSE wonthel BE tRe Dbl b e Shep a3 e hr ont Al "Biooder
enbodi 8 Hifedtfbrdl mGSictd donkiehdadé FHCEhdBb YR PO YcIS saRred sihb
signals and decorrel ated nusic signals due to the boost of front signals

W chimstandardnifibm clegadessd i | m decoder,

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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10 and w%,g)}) &@F i ncrease the separati gn between encoder
uncorr el ) and right side inputs are presented to the encolc}er

ral so enconpasses nodified performance in the filmdecoder specificati ons
- with regard to left or right side encoded signals. A further inprovenent
in the decoder relates to the effects of abrupt changes in the directional
control signals and limts the 15 nore slowy changing signal to provi de

b t h i dl ' I h,the
mvent | GRS SpPRERRPS THbd SemeRy Robr o TRF Buidiols™ Bred arartirintd yere
advant aggpRimémd HY 8HdcBaer efelfrdd td hEAd al ek SiBheN! eFh@presertt idveation
signal processor. 20 An advantage of the present I nvention is that the

desi gn bicludles twequingpahshangegtanthel ceeflicismts sterived i the previanamasent n

i i a1 REPURORTY, oLlshkiTor SRFIP5E08 HF AL cBRoeS 4 B o e

encgdednfitgidet corfet@idiein Gy @84P eBaRhelsheTheveeidt h@Bhhfigd Raier e kfdetingd put
energy |level of 25 any non-encoded decorrel ated signal remains constant

r egar dl @y $he rean divgictionm; buh it grast fwrxdoﬂaataﬁhe wasubliscdiend better ifAtiae BB

advant age t pro uce._caonven onaII encoded-
Sounat - Seateid o rBUF BRUAR 1evsl Yy i B nE S ar . b?

di scr et gugiu¥vieb etses HRRSID. tkfeooﬂginaarl@me«zhaﬂ\met AdRlwle vilRel dinQiét ¢otrblS
that it provides a sinple passive_ -7- This Sheet Has Been Repl aced

SUBSTI Teremall| Jir | miseg ﬁrp;n reno| to 22.5) qlegreemzbtslﬁend(ea@néen‘@pf Vi yeluegBehe

P US9 thi C in t nels.of af han
sgurllr?dt rgé:l%ét% Eg%gnallnfw éc ofé& a%n ]’rS& criﬁ% a{}ten%%"ﬁ%eﬂ“s"wtbﬁe%@ F“{‘t l e
subj ect coeredtibheandde iflustratéd ihithe re@fmnﬂguwsl for TRL APLRR. abdvant age of

t he inve tlon I S that provi des, an, active encoder 5 which has better
per f or m@d¥antage eayed tfos t&’%r“e“?‘@ﬂonawﬁhﬁtdﬁ@r%e# tesgricariafpen of therelative

achi evaygn WibfelPofPiStelr datindd WG sBRHME curs in the forward direction,

providing a more natural and smoother decoding.

15 The second change is in the treatment 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 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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. Wiile the decoder of the invention gperates opt| mal Iy when ther active five
channel WOdd386  anot her advantage of the invention is t RET/USP¥IB3E% added
phase correction network it can also optinal'ly reproduce movie soundtracks
encoded 10 with either the standard four channel passive.encoder of _the
prior art or the five channel passive matrix encoder which is an aspect of
the present invention. An advantage of the active matrix encoder of the
invention is_that it grow des dynam c control of the bal ance between

st r onkgay auaduant alppgithsilyn@beunddary.non- directional nusic to conpensate for

t he boost e tandard filmdec rs
further ad@g‘%dlg’e ?%&qm gg;rgr% élﬁg]:lgk“ ??&311:3‘:9 ﬁ{ﬁ’%’\“’fé %O‘%&
of si redr quadtimt| ehith shataaridpat gbéerelide thiedeft feathRitpde o dHchiwatdd a
standard f ecoder. An advantage of the decoder OP the invention is

t hat IP“'}E)F%W%@%"%@W& 20 | evel change in the front |oudspeakers

| B fener, | oty Roathil theol 80 Nnd TR0 BEL e drS so T, BlloW ot ner
advantamge of sinhend eogdmngadmbdunaaﬁpﬁhm teft By @Bhte?) ahd froml hght thhe

absol ut e Val'ljzgl@f one of hetvio erln signal s when the ot is rapidly
25 ch&#RfithgW retaining mhpestaalengithe Jrel p&is er reproduced. Mor e

parti cul arw £ﬁeg%$§a&g?¢e%§%mm§um "°ng| d1 L tHe iﬁ%ﬁ”ﬁ?ks to the

derivation e nmatrix coe s as previously disclosed
in Gelementgan ﬂlelernt beft eptadiant. Tl&&%)é&oﬂ%&&)desfgrﬂ@@hﬁﬁ%deh%ndt he

M £nboe 1905 edant) etg.rnasp%?e%%@?%%e%%?aﬁé‘sc&%is grerig enval dod. s
di sc| aRgifh il £ BRI AhOfRantdbL 3¢ HiRShybifio §§§Qo'¥%ah€&‘a‘i’1waxﬁeh' HHIT

frrerrr el 111 SUBSTIT
variations of total power as a result of steering.

Sixthly, including a redesigned center channel boost function, which
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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- WD 99/ 12386, %ggl’l US98/ 18390 Patent Application filed Septg ?H%ﬁsﬁa%% The

previously 0sed coefficients were inplenented in a decoder erred to
here as version 1.11. The present invention includes two principal -changes
to the coefficients derived in the previous patent . application No. = --

08/ 684,948 of July 19, 1996. The first is a change to the "TV 5 matri x"
correction in the rear channels. There is no change when the steering is

in the_r ondth her It,s re.better if the
sip s dsaabet RbSRE pBedtbs WP hE thie, TRS ¢hl Coh B Sendl s intihags dler
for war ¢hid Pengethe ltbntﬁvﬁhaﬂnélel%vblaﬁkeé ealbiaey Qlt i fiisB &b al %(Rie ABAE 848

absol ute value of the control si rises fromzero to 22.5

degr eedowsgithan thereplaediortDeloyt l«gmeanél thiea halds constant. sAgiesirisescs | .

This ¢ | T correctio and
To T1 T RSB HRRees Mol SaldFIoT R ElsBP sBidLy So pe Tyt ipetiihl gl for

cl agmedDblyy Pro-Sogy i TherCFfuhbtibn!dles detifeases rapRily dvep thed rdfiee r el ative
sound | evel of the rear channels when steering occurs in the forfward

di r ect i igereaging\theiswbteadinm and mmovmgitmmmrcomwmrrtgfronsthmbfs e@dnd

change t.he center hann
e onciyEn} frodttod s At Gt Ok SRORE S3BIGHY o BB B s AR When
necessaghe absoladsivdhie bhecoporsdrsignalolr aiiaackés thé bdahdasy.ni ng the
treatnment of __the center channel. The mathematics in the section on the

center channBighthlyhincoppesating a(H?QlJBPgﬁ'@F%m@p?ﬂ theanpwncarder peatrixodi f i ed
L0168 | @Eindrltl SyRA Aire e deASHITRE BHL bl ditied NHESLER Al of fis POVET

the cen Inp anne enco e povier channels

shoul d heveptizsecoretkyisnan bdvantage 1rﬁﬁ@chid1n§ l@@dﬁﬁuc&haﬂbﬁsﬂth@ﬁg sBéertifif in
decoder , The changes in the center channel require a different strategy
for i np?@?érﬁlrﬁ‘ami% LRL matrix element. The strategy given here is

mat henat i cal n ' f is .
Grvision ueets HrEHeRbl dlvhntdlObE Bhisdndeilif is ArEcklON STBG Sk abidils 4
i nvent i variousphirectmntath asigmdls awi the pmqsenue nﬁstmngcsteamgpes;ﬁédm]ﬂﬁmn thelmaﬁ

der|ved|n he rewousthre a s and applications. . Firstly, adding
i ntter pof 1r’t HEerRE et Jf’l% é] ﬁiﬂe dip CFE‘EeII %‘Igflap%ﬁ’lhenqﬂ:&&%ﬁ 1898ar t he

cS=0 boyfHia firedforeC PGS ¥s s€H DaFEEMBrRy APLEYRERREBAS th MV hfatrRR MaLri X
element in the |eft
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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boundary. Thirdly, adding conplexity to the LFL and LFR matrix elenents in
the left rear quadrant, such that an input steered to the left rear_output
is elimnated fromthe left front output. 5 Fourthly, repairing the LFL

and LFR matri x el enents so they follow the curve of sin and cos al ong the
boundary fromleft to center, and fromright to center, while retaining a

boost adyasgeen sheyeas, will bestbe umderstoed hivcrafarencg torihentelloenngidesailedal ysi s
f : Ry ' . - ] fth
e Reseripd B s LuBETRR! crphBdiént eh Bl inUiRiiaMion Wl 8REEC, OF | 1O

squar s&sconfpdrying | dramrihg fipprek, whegeiat ong t he cs=0 axis. An advant age of
this inven i&n is t rﬁdu_ﬁe unwa&t ed v,ariatiqni}q(if total power as a result
of steeri né. SHFH%&OC Fehgmaty of 2 passivgfeatax Holby syarmmnd deepders uncti on,
I ch,.d _ I r rate than the one in decoder version 1.11. In
}tNﬁi S %%"JBg&é{ §0§ ﬁi‘%bpﬁg a?drl('l\i\e;ention, an advantage is that the center boost
functi on hE¥Gb2eds acbhekrschaneitid tfya atarderdoBslbyy niathixsérssnideg acesxiding dogi ve
a mnjmal sense of notion of vocals or dialog between the left and right
mai n YPeBROF &knd the center speaker, while maximizing the left - right
separ ati onpefr BRstd BIRBShMHA: 6f § 5% ! ' 20
Sevent hly, g%d?ng% specsi%a\léﬂ# uncf@fi‘ on C%Fe&ﬁ\;ﬁnc e?%g?%r\é%@?‘rﬁgﬁﬁl\rf%.ﬂé’ﬁ%" boost
i n LFRariancpmpatible-éhandisg wf disczeteufiye thannel salasdtgadd aacopdirgeto/thé n t he

§1ldm of t?}g.gower.s fromthe outputs of the decoder the ratio of the power
iV t hBroERté VeRWMonent of signals to the encoder to the total power of
si gnal s t opthe 48RCPHRIck scRndity@st 3FR Ofhdrltel AshGhilndft dfftBiel dbeBREE ON 'S
that this procedure nmakes vocal s '

according to the invention;

- 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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25 in nusj _ dialog in filnms, have the identical balan ' ecoded
envi ronrrbh’?“?ﬁg&t hey did in the naterial before encoding. C%#/Qs%ag%ggdure

al so preserves the bal ance-in recordings which were originally m xed 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 fromthe |eft

I nput of the decoder 30 when formng the left front output, and this | ow

val ue i? mai ntained until.cs -10- Ehi s, Sheet Has.Been Replaced ~h im
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reaches aboutpRfy. degl e8s shewardphi@ily E}hﬂé vaﬁiéti}oﬁeoflcﬂfé_t 6o @G% @si%nlal

increases over this range the center channe evel ri seé‘ ra y at rsst
to a vaffeefrepsguahant steening laad ofhthe, lefiteft 6L LDahdyleftrught {LB) mattix hen

1o 55 05l of b e TR SRR P IR S,

al sg decr easge|(.ar8 Shyws\Waphitaily’ ﬁ{wﬁlm&ﬁﬁﬁwhﬁgsig@?ﬁumsrﬁ%&%f and

renmoving the center conponent fromthe left and rigt ront outputs. The
val ue ofcoatradisignalsdfisand sisiay the other phangen, fow algnalsstaered thetwieen! lefte

val ue of _copntrol signal. lr r paches oundary. Eighihly,. incorporating
a panni AGCCEFHEL ? %pp e@ﬁg%ﬁ%@ Fﬁr"%:ﬁé}i‘}xor %é/é?%‘?éﬁ%@ ¥A@BEr ect s
the | evghepdg®ng t he boundaries. This aspect of the invention conveys an

advantage in reducing |evel fluctuations during steering in these
di rections. T pt4 htpRarsaestive goaphical miew showmg the ivalue pftheleforean t he

@t i f ' irect.iopal .signal.s in.th f strong.
o ndC BRI BN o e 1o g 0Tl 1 08 1BR EEPERE) Pp SR 1Pr on
and in QIG.ef, iHlugbaltinybe disdoatitivify heat AholdRvedtdgctions. This is seen

particularly in the corrections to TV matrix decoding. An additional
advant age of ¥¥#sl% simterbnshowvs the left neavwighis(LRB houttie elementnefi decoder

var b Seeeigh° P i fantl 4 PRSI 5 HERE i bgieetie 0" *

steering actFlGt Y6 shows in perspective graphical view the LRL matrix element as it

15 was intended to be in decoder version 1.11, as contrasted with the flawed matrix
element in FIG. 14 which was actually implemented;

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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_ Anot her advantage of this invention., is to nore accurately bal ance the

| evel s WE99(13¥&l s in nusic and dialog in filns with respBET/USHS/ I3 -

non-di recti onal sounds so that the balance is identical in the decoded
environnment-to that in the material 25 before encodi ng. - Anot her advant age
of the invention is to preserve the balance in recordings that were
originally mxed for two channel playback. Brief Description of the

Drawi ngs The novel features believed characteristic of the present

i nvenso tine anaxizpgm Blukdstly illustratingpthenchrdtahtavalme dhd liinvide embire t sel f |

1111 vebE ek of the Bt ArCRie apEle M REobR | DB B ORER Usoo/ 18390
advant ages e 2a%howy id pbfsflective %ﬂ?hﬁaﬂ%&yl_efteﬁ%hﬁm (ng hRat@k | owi ng

detailed description of "an’illustrative embodi ment when read in
conj uelement ixi the daeodexcraymvany.ildgilinstnating thgtithe bovsteasithe skdeBing is a

bl.ock schemati c ,of assi ve t 1,1 X, Dol ur,round decoder . 5 ording to
(e pPIEs dpwar kentor Fanp e L BRF Slei e 75D S8 i aoneePe s x

encodgin@e Whi#idday! Sndtd1So Phé Pédwétion I faved dsthR fthokkgShbeERtd trdtedr;five
channel encoder for producing Dol biykﬁmatrl X conpati bl e encodi ng of discrete

five chann&IGs@2nsi showsrtdienigth front teft natyredeL) elereent baying the 4 i s
a bl ock schemati.c ,of ;a fiye.,channel odi ment of fthe dacod .according to
Che | ROt abutdR alBnk (HE 1SR EruB BORRIRY, S oneilde A0RE e AREEH £
phaserihtffRindagt nay be used in the circuit of FIG 4; 15 FIGs. 6a-6e
show the rel ati onshi ps between various signals in the decoder of FIG 4;

AG 7 shoWlG 23 wsck geepl showdng the behevioreofdalbdnd bESoalingjthereare
! nvemb'oxolﬂiiary between left and full rear, where the slight glitch is due to the absence

of a point at 22.5 degrees.
FIG. 24 shows in graphical perspective 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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FIG 8 s ase sensitive detection circuit for gener gt ls/rs
20 si gna]rw%g%?&?gg wi th the phase correction circuit of FI G$%§?‘55??'ﬁfﬂ@ shows
an i nput phase correction circuit to be applied ahead of the decoder of

FIG 4 for optinmal decoding of passively encoded novie ' .
soundt racksi ncl uding a graph’ showi ng the rel ati onship between the control
signal Is/rs and the steering angle 0,,,; 25 FIG 10 shows a bl ock

h [ f iyl ified [ der.. di t the i tion, also
Thcluding a BAGHPAR 2 RESEH SLOMIGE AP SOk £UTHE AASeTE SR AR Bl IER Ag
rs/ls; Bhfeticd of 05 AR AekinsiABYRRNICh e Padtd ia&tm[m&tsggcggﬁdeggwg

anpl i t ude conpensation for strongly steered front signals an :
separ at Dodby Thatriskebanentswiide 83dBdesa pewer 18-thiel tealrthian typicdlly used) ahdlas

SUBSTI TUTE SHEET, ( RULE 26), WO .99/ 12386 PCTINS98/ 18390 . far si mul t aneous
i de | Eﬁuflé’?teﬁlc%'rv&i gbg ta&%‘ﬂ#ev%lﬁh?e‘?ﬁgﬁ%%?e‘g%@a%ée entson %%%g&l Iy the
varimt i giusiratipe Hat %1e%e%ﬁh99§1§es 4igk ,rEéQ(Se}fatﬂH%EﬁRE foF SR aféteaRdh Of

the left-left (LL) and left-right (LR) nmatrix ements as steering goes
from | ekignal angd a Rillyestiearedhsignad othey afe bt 1 5dBabab bowlisstha 3niddlies

hi cal | ' i ssi bl I f h, of trol sigpals U
and ol s as ¢ HaChOLPIEERg o As & s Eluf i aahi of G rarter TRk ent er
as appl iebsnbatd Aeian0E 8hual pbver r4ties thRBeRRY givah i l%atY'ﬁf él%%ex?ﬁs%i&of .

FIG 14 is a perspective graphical view show ng the value of the left rear
10 | ef t calibratipmtactwaldy awedtini BolbycBreLogiy, sindnad aldottdd cheveythenatualype

ST ) Babbh it e bbb BRI ST R I o L St ©
ver si on vhldds afré el tHar8dB od6@ fdrill kheerthgshe rear along the 1r=0 axis;

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

15, This Sheet Hag Been Replaceq
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FIG 16 shows in perspective graphical viewthe LRL matrix elenment as it
15 was WE9HEREE to be in decoder version 1.11, as contraB¢EHSHYBR% he
flawed matrix elenment in FIG 14 which was actually inplenmented; FIG 17 .
simlarly shows the left front left (LFL) matrix elenent - from U. S. Patent
No. 4,862,502 and Dol by Pro-Logic, scaled so the maxi mumvalue is one; 20
FIG 18 simlarly shows the left front right (LFR) matrix elenent from

U. S. Patent. No. 4,862,502 and Dol by Pro-Logic, scaled by .71 so the m ni num
and resdugimongues are 0.5; FIG 19 graphically represents in perspective

t he square 0 he .1 he FL..and LFR fr S. ;Pat ent
No. 4,862, EE,@ g%gsfa 02’% fs°§%ai%§grir‘a§}?eﬁr§%;t§gﬂ§% rlhék%% ee?'elsﬁﬁm SH}? Hﬁf“i‘%

val uevérsiownstgrih which fhe aliddle vdlacaidthd Fight unsl peireekritizes iHalve bedhi | €
the unsteered to ] eft rises 3dB to the value 1, and the unsteered to
cent evedyiced by ddB,50 thatyassepmageases, the genterisestaghe nalpesgfil dddn rear
dkrec{&?glor(yegfi le is identical to that of the center direction; FIG 20
simlarly reptesents the square root of the sumof the LFL and LFR 30
matri x el eFEGt 85fshwwd peaglieallpas d s&8id PatventthépentenhtenublbionOiéeddd, 460,

scal e - 13- IS t s Been Replaced ~Hnl 11 121112 L1LE 10HL 111
suss#omm ?n@g:fﬁ ?giiemcg@z@égée the Bressy inysubionHf $be anereg ol mim
val ueyi il ' 14 | [} bt i right
al O pfatek oS HRAnEARSIAM 36 HE Blosciled fh HE AT thEee |\ OL,
21 shchannels ey steerinigvicpeaselitowdalry thbdrdmet, tanidr alsd shefits 44 Eldotted curve

J0Eer Popy conteroralics dip SRR d65%Bp1 | ed both ol ong ¢ he | 10 axi s, and
2t o ng migs SEo e o T A U O o ded B ar
mat r i RoristAD} emlergre watinawibly cehter atdéeneatiomipl; acndedsingrty thecinventionp cent er
boundg{l 'asa asilled%:%recle *he vtarllge of gltrﬁgs)t'_‘“gorr i(%’k?et pxbg\ylggg TFR element), while
the dotted curve shows sin(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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10 FI G hSn: raph show ng the behavi,or of .LFL and LFR ear
boundary %?%%ﬁgl eft and full rear, where the slight gli t?E?:ﬂ_g9glE§9?O t he
absence of a point at 22.5 degrees. FIG 24 shows in graphical perspective
the left front left (LFL) matrix elenent as viewed fromthe left rears-
illustrating the |l arge correction along the 15 left-rear boundary, which
causes the front left output to go to zero when steering goes fromleft to

o © Al : - g
full rear. betotribefiblihohBrBl e LR helSy 1AL RV 8 dhaBRRE AERS Brkh
funct i oghdrindldixtbterkvitle nhieiniemblaterilrdeparktitn, 2ihstighareférdncariiyl bée | ef t

front right (LFR) matrix elenment, where 20 the |arge peak in the left to
rear bomaderty gwreral desieanprinsinles that ma ke @pplieggior dscodessmith vtherduce

t he fror%x etrglbtfchgnﬁgisoaélv@H this boundary as steering goes from I_eft
rear to Tu rear, and once again in the rear direction along the |Ir=0

axi § andFi g Iﬂglesfg,?iingiagbhsﬂvﬁdnaﬁﬁx,tm eheddng vs':jiﬂ H)@Iasﬁm%gte ﬂoq‘gllEgRﬂm by
matri x; | ustrates, the .I’OOt nean _squar e sum o an \
accor di figndsg t%owegm makrig, angrihemiesodey hagfeyr ombpyta anch that the

the sumgf , g‘g?t? %*#?{aﬁyﬁfﬁl'é%&%ﬂei— 'éginpil{b%lg%ﬂiqu{tﬁh%u %ﬁ&%ﬁtoiﬁx%? the 5%121?@{ ool

| evel , viewe t rear, showng that e unsteere

ri ght ais thenbeft flnputy tilnnes 017e(sttibdycehbeasr 7072 phastlideightdhpat @irds 0the
rear vertex has the value 0.5, and the left vertex has the value 30 1.41,

and shofihgatowent sigrplgis the Hehtrpebhsigaal &measx pae; and theimesr gwdput ks

Beqp Re : ] T 4RULE 26) - WO
00102308 P ST A3 PRy ads 8y anb B Aiels R S -4T § Sl ve 1he
center natri Refatrieg 46 FG. uhdhepnioh sthplificdBsclrsnatit 06 aspassivo Dby r at i 0s
Identical to stereo, and ,usin | b trix elements with 3dB | ess power
in the ?‘é’é‘fo‘*"rﬁitatﬁlac%ﬁ @%‘fqdyr;}sgscﬁmﬁl &g?h%pwtag& mad? ﬁhe%ﬁwa val ue of
the centghtigpiships sf@mh%a’lrﬁdf’rfphé%tlgmfr)'Addlﬁt(ffémlg@) Giidio gﬁgn!ags s@g
actual values give reasonable results for an unsteered "signal Tand a fully
st eer edapphadirespéctyvaly dodbeunput sdBminals| 2),iand hee buffdred 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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. FIG 29 simlarly shows as a solid curve the value of the center matrix

el enent WQL¥\2386g equal power ratios to stereo, given t hEGHAHPA338Y enent s
and -calibration actually used in Dol by Pro-Logic, and as a dotted curve
the actual 10 values of the center matrix elenents in Pro-Logic, -
illustrating that the actual values are nore than 3dB too |ow for all
steerings. FIG 30 shows the square root of the sum of the squares of LRL
and LRR, using the elenments inplenented in decoder version 1.11

i | | usortpwhand a0 fox pr outpyh@tfeant epnder,dhent ther wont centeramatpxal ong t he
l'ine %I?Hkﬁ e Jjg.ddle to the left 15 vertex, and nearly a 3dB boost in the
| evel &1 ong the boundary between left and center, also showi ng the

"mount ai n Iafpelatrix ¢lemerdas cos(@M)ant and including the "TV nma(1) x" dip of
3dB at the cepter of the plane, %ch is hard to see in this projectjon;
FIG 31l IR&SBF&?%‘%"&PE%?%FISP numerical solution for GS and GR(fbr

204, const aniryAge: ¢ 4R, BhANhdtk 'Siér:;%xﬁgiéﬁe @48, ZE5PeqHbAy PN0 the

boundary between Teft &nd center, shows’ 1 n perspective graphically
t he sgtamdardBollyf SumowdmmaAtristhe squares of LRL and LRR using the val ues

for GR and accordi,ng to the. esgnt invention, illustratj. t hat except
for the _vam(@yr%t@a Jethspls 138 de%ler@ﬁgy equaiigns 41} %M%h?ri Heliddar 6= he
squar g feff) 58 <4 280NEUANERONWHHRYRe fithPof $5e SRS SidthéRt for IeRe center
left (CL) matrix el enent of the four channel decoder (and the Pro-Logic

decodehpngehi dlorithedefioreaequpdrpniog gobe froamt0érto 130Ghso ¢tioR) thesiginxofethenent
if left and right i nt.erch wing that t i dd he graph

Loy e b diend nodRe (B8P RBs et < inBrahbrhowevite ih8ded dRelit has
the valiefeht 4lgn mlhe'aeti@é.aﬁttic@ﬁtéméaxeheﬂwr of 902l £6d $ReithR® Maxi mum - 15-

Thi s Sheet Has Been | aced VI 111111 11211111 ° SUBSTI TUTE SHEET RULE
26) 1romiponents 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 implies inclusion
15  of the adjacent limit value and a 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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WO 99/ 12 , S98118390 value is oné,; | FI G. 34 shows fo d\mgg;ﬁ;lg gn the
center I‘égég%ﬁgrsyx el enent in the decoder version 1.11, ir? I C 't%e

m ddl e value and the right and rear vertices have been reduced by 4.5dB;
so that as cs increases, the center rises to the value of 1.41 in 5 two
slopes; FIG 35 shows graphically as a solid curve the center attenuation
needed for the LFL and LFR val ues according to the present invention if

th f &h ter. cor t,of the inputysignal ,is t. d
nt he ergrsonalle Sosiitd eI R Aty PR 0B Patsr Toide ARgivestins”
al so shgfsowsuthde deesd sitibdleavdy when il idputdlchasist @htﬁelzzéﬂéééd}réi%‘ié’&er :
FIG 36 shows graphically as_a solid curve the val ue of needed for

const antmugisr ggnd d1ovp $heiderodembehavast whentthene GCa mixtord 9if rgdirectibral

' ti d d t.h . si Y. cofrl o(th i
PR ol enigne) B0l ARt AT UGS F0iPE U bANECng bBFE Shrudiet Foabhgta RAY 2
i s gl osgedcRralaned digndl ¢fsukh é&ﬁ?l&&y%ﬂ%tﬁ%e @REctitieAl ¢HIFGPSiBRals

sharply; FIG_ 37 shows the left front right (LFR) matrix elenment Wth the
cor r ect refarredoto pegiienslycand agsemgdttecbe derivedifsomi thei steréophatiataudie val ue

IS zero,in.,t 1 ddl e . |l ane (no steering) and remains zero as csS

i ncreasleljl toggﬂ% %Jé%?ggéng&gnzgergt he Ir=0 axis, falling off to match the
previous val Tl‘(heaﬂoﬂﬂglihéeie@igtﬂdﬁtéﬁéﬁﬁaz|b‘éféppl?é?j t® af9H@IveaRA kO Mokinght to
center; FIG. 38 shows I'n perspective the center left (CL) matrix el enent

wi t h t hehatgthfyrare hlédledowith varions degeeasorisungess by recodersnin the carrent

sh ‘ﬁ’ nga;.{ue correction for panning along the boundary between left and
center; . FIG 39 illustrates graphically the levels of the center out put

and the |eft A.25 Glhpntthese & abgisebrphaedf siganl ahces sheuldEbe ashanimant hat
with the corr&ction the panni n% of the center, while not perfect, is
r easonaBPPE em F%Oﬁ’t%%hﬁ‘waﬁw delated to) idre; ongs nolyedhin veprpskcing the cs

o 5 o AR i an R ol hOH A BRI Ple pEHM w1
| nvent i tovation 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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. This This Sheet Has Been Replaced [1I1ILILTELE FHEErrrerrril , SUBSTI TUTE
SHEET (WO123$ W 99/ 12386 PCT/ US98/ 18390 Preferred cREBYSHEPBY of the
i nvention include a five channel and a seven channel decoder w th maxi mum
| ateral separation, although reference will be nade to general design
principles that may be applied to decoders wth other nunbers of channels =
as well. 5 In designing a passive nmatrix, the encoding will be assuned to
follow the standard Dol by Surround matrix, and the decoder has four

out pupewerigriterian. t he |eft output signal fromthe decoder conprises the

left inputtine , e c 1S, the left. input tine . st.rictly
f0.5 or O. %71) Tp})]I%lr]tg~ afl%%mrnl gﬁ‘tt‘&%eﬁlpthe {‘?I}Fggu 'I‘.“?I,l &t%ge?qlﬁﬁ?g%‘ifr&ﬁmsi gnal is
the rieghpoheptibnbi, 3@ thd résrodaetiontd o diveétidnalodibAsl ohly, abGHeherdutivel t he
left input tinmes Q.7 and the rlagt input times -0.7. Referring to FIG 1,

iy

t her elavels,changs.ishosdd sepanémoetiy andinsive npatsfts intheannarentri x decoder

1racc ' t | or {avesd 1 WMNEC ' .relationships._are
&t o' g SRty T ccifeigbPlsnob 1508 0 Fori oAb RN R
r espebyideebdersoin tiee ezt taet.milb ahsy Be cdlledttle oastuiitf direetidty ctibétiypngai n 15
buffer anpli fig_[;l <§qq%ad 8 .respectively. They are_al so conbined_in the

r

above- spedifd er whigh anust ebaybthacsrecicatiep for Dolny Bre-begic, &

buffe : ) ) inal s.14, 16,
respesirogr 8REREopRiiitn systerh ih Aitinth BLE (eitelh 1Y pbbGh odd'by; 4, | 2
CENTERppL), sardtirfSteRDEhD foll Syimgityitdriére Biimalt beldtistied: 20 As st at ed
previously, thi g[‘ mat ri x haqseagoHstant gain in all directions, and all _
put s ar@-equ ihe siznal ntended fasome, om apy Sigestinn @ the drontofithepossi bl e
to ex i ' ,d,ﬁ)sh t tihar - A8 - . W sh
to ha%gé}g’ F@H%;ﬂrh@%%lg%fr@et e gg%r%lgﬁﬁ? (g?) g %F\%ﬂ%éﬁgge rr(gt%éF eL%/tl%%i ng
sui t abb shedevelxsuzhemsgrsal wonldaldaive ino aglassoredDollpynSumrcandenaitrizdwhen25 f or m

houl hers Bt Ph i FeegBreiatees cchmon s Sofis Mk BRGE GopBoRRgRCR © o
OpPPOSipk&sent.) 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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directi on ang the output. For exanple if the angle a I's I ned such

di reCti°Q§093;Pi§8€?”i X el enments are given by sines and cos&,&gﬁjggé,lgﬁg
|1

that a = 0 for a full left Thi.s Sheet Has Been Replaced -17- 111111
112222 1LEE LR Pl SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 PCT/ US98/48390
T output and is 90 for an output at front center, then the front center
matrix elenments are: Left matrix elenent = cos(a/2) ...(1l) R ght matrix

el enent_ =, Sj ﬁ(ﬁ% 4(2) 5 Thus for a = 90, both matrix elenments are
0.71, avgﬂ’%lp%glg re n})mfhe standard Dol by Surround matrix. The matrix

el ements as Refi nga Stivsdaéiddrsmalix dhdul @ havemidintnd Rtefalsdbaratish! at
left) to.a = 180 (full right), where the sign of the matrix el enent for

left cHAbiess, both dwengaepreduction af dgperrelatgd asusicangnalsoand dor sonsinat

th [ : ' (o . e LVe...For the right r .
uadr aiReRpis BF 10 et @Hoer T ARRRHONANRIRULE cifafl. (85 CxBbId Fihe mpsic
reas, asignal BasivioRfls oaly ohithet lof andEellbS Dby shethRGdght AhEsOREidEs | N
sign; canventionally the right signal coefficient is negative in this

case. THhaulddes maintainednogandlegs of 4he wgrengthramdisediion of ancagvarenily (1)

and (2 7 e I npl hes knclyuskhon 15 0of the
i acopruent Hiredtiohlal SRR PHACHANRGH Ehn Tt eI P8 Byfone

i ncl udedirettiohaly reacgéded Iﬁ@lalﬂdsétlfeﬁﬁg ]?éxrm_bd&%lmtm o&%ﬁﬂ?&i{(zﬁ sﬁgﬁ%cﬂhﬁdt as I
the difference between e levels of a signal in one output an e signa
in the FANE Pc%kbr\ﬁgsdﬁi se genAHaoRs, the)musicwili drepéndevel unless theef t

si gpal ’nfa&?ixr L13MertIRFe ARIRAN LAY $nd@ Snergy to the affected channel from the

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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20 and the conponents in the left and center outputs are 1 and.0.71

r espect WEI%1 zr’qr‘%l mes the left input signal. The separati oRCTAUSESI&ILI ratio
of 0.71 or -3dB (the mnus sign is normally dropped.) The separation
between any two directions which have an angle difference of 90 is_always
3dB for this matrix. For directions separated by |ess than 90, the 25
separation will be Iess than 3dB For exanpl e, outputs at fuII rear (a =

-90) and left rear 45) wi |l "have a separation given b Separation =
cos(4Bhat is, ¢le¢'cr@§@22 thy leveJ)ofztlv siweﬁedzcosamnente zpgartiess 1ta sliresfionan be

| or OGS ol A A8 |fPrigTdbkradle R GhRTia 30 dPAbARy TRk 5 {©

i Nncrease Separation ere Thi s

Sheet sigaal Bﬁ&m oatphuts eldstribéd ih the Jahbize l'éﬂe“réﬁ&éld bbtentSdtBﬁ“Bt Hde cohktant( RULE

26) 12386 CT/ USQ 1839 directiopnally encoded signal a ecoder

i nput IE:HHH daBpsigin *g\e Wgﬁ% Hfé %6%@3&1594\@@ when

tt&e '%ﬂmﬂeﬁeﬁé é(‘ixr@&teﬂrlﬂﬁh r&gp@&ﬁﬁ{ &? "musi c", and how t he decoder
en e e

behaves re s a mxt I rectional signal and nusic. In this
cont ext, wihehaldodes debizn imthie abum-céfermaédmahenawaéusiabmﬂelseﬂmd si gnal

- of suchc l.exity that both th dlrec ntro naI referredto
or evi Busiification 8 Sl 2 wmben OF commeraaly Aus e\% i Batrizput

Si gnaligeiane e iﬁeeféérvl%ml e f&ﬂ%hég a@eeﬂdregs gr%ﬁf(ﬂu]n,efa&i EﬁXalEf 13,903' i ed

to any acCtive matrix, at they a vari o rees
of sugenmsalbymwbsdihe s'eqmrehmntﬂ statet] atiedairly Avell/\h&‘heréles e'howem

| at,ed I h houl d b h I
55 °F Brorepurapilies wishdSusievdantronis e debimeh gt HE oGt redi gnal .
For expApli§ bebwabgRAL 18RI A1 Hyhk He8PYAGHR BEnbRPLINMVERE dRbird level. In

this context, "pumping" is audible variation of the music signal due to variation of

the directional 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. o '

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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1l ocation ) bet ween right and center should produce n by the
l eft 15 g{r@b;ﬂyﬂ?6 channel s. Likewi se a signal intended for ggﬁ{‘ﬁesrgﬂg gﬂl d
have no output in either left or right outputs. (This is the principle of
pai rwi se m xing, as extended to surround sound reproduction.) B. The --
output fromthe decoder for directional signals should have equal | oudness
regardl ess of the encoded direction. That is, the sumof the squares of 20
the various put gutf shoul d be constant if a constant |evel directigpal
conponent i s 1D is! through all directions. Mst current art decodé do not
achi eve thisRr <rigergon perfectly. There are |oudness errors in alg) but
these errors_are not significant in practice. This is the constant

| oudness cri¥ullingar steening qcgushedenof =45 end steerngdedeft sy, a

conponent .of an. i npuk. signal oul d_be constant in al t put channel s
regar dI%?%88?6}98%n$§é1a§?|b§$%?§ﬂ&§& %ﬁﬁ%ﬁerﬂccﬁs W%‘l?ni tnﬁt#tz'%; noved, and
reggrdl ess oNoté€he elimilarity (VRS elboding todiHeLaldtPIkdle AR BEhe PHbsihe
nmusi c. This requirenent nmeans that the sumof the squares of the matrix

el ement Matoix deserthed: ghaveshbigre, hewevers tthatsteeringangleds divided hyntwo emange

w th di sect. on eC0 ' YL I rt disobey this 30 criterion in
ways wh }%: glg?‘ e&b’ .%enﬁﬁgfq%&gggépg%ilga%db%&)éleﬁlﬁqu the constant _ 19 This
Sheet Has Bebm deefprdagdhe\dddodbt, it tdddel fitst be JUBIEH WAL Stibfdts(l Be26) WO

99/ 12386 PCT/ US98/ 18390, power criterion. D. The transition between the
r epr oduB¥q'BAeds and hovp the axeplitudeselcthe siested sompangnt af dhe Aaput prldwars on

of di I ' | r,relati vel sy.change, ..shoul.d .
ocdD AL ERP SRtaat A3 b Rbke ARG tobfind fle VAR O pf PAR I ARl
sound. dbsaigtion elon, tisisdunectivh Waal s arbitvary. OHowEven] i 6°dtr MRYStsY
decoders in the cyrrent art. I\SMH' y be called the constant direction
crit eri BpAUirgment ;ﬁ , f&fi@d@w&am r@wsmteﬁ@@y sp (thak peadnessdsi mmesenredons By
10 L00kim a padls RWbeROHDE oLBGAS thibi P hre ¥ShE B vIo L BB B ifdde! ©7' o1 D
above do€s not

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

-23- This Sheet Has Been Replaced

WA

SUBSTITUTE SHEET (RULE 26) ”'III



_apply, and instead the followng criterion E nust be satisfied: 10 E. The-
signal WE98H2R86 to conme fromany direction in the front BETURSNSBWom from
| eft through center to right, should be boosted in |level by 3dB relative
to the level such a signal would have in a passive Dol by Surround.matrix
when there is little or no decorrel ated conponent of the input signals
(i.e. nomusic is present.) Wien nusic is the dom nant input signal (no
correl ated_conponents 15 present) the | evel is not boosted. Thus as the
decod@tieeﬁ@(kéang aepr epispbere befween lefs pnddaftyswirgwad, ¢ 5 GitptFe22.5°,

di recf l%&ﬂﬁ'ﬁ gncoded signal, the level of the directional signal in the
front "hem sphere should be raised. The optimal design of a decoder which
mat ches thﬁeﬂ)i'dat dutpultegsin 4speci fication shoul d have decorrel@sed nusic
const ant channel s except in 20 outputs where there is a strong

d| rectlona "eﬁ%%}”d% PYtGnA  and the nusic in these channels- déﬁ rise in

B mar i T Wb eted Yt RN 4 QN RUPLLAN A phhe ol g,
out pustayhthesainer eThe nmatrik cesfficienss hged no edaibwi griglare Hvts‘coﬁataﬂtt; bes! | ed

the m ninmal |nr|d criterio 25 In aJl current actjve matri x
decod¥REY gHch %Eﬁtéafglr%e sﬁ%erwg g{a%pa@h%eiesnew@r right mpuiato dheg

di reciéfgpgéltg %@éjs the matrix should revert to the passive
mat ri x descrl ove, as |rrpl enented for the desired nunber of output

channel S. Thlthemanma@mehpndmchnm:ut,f as sogd firvee 0‘?:62@ ﬁé,bﬂt% oﬁl@mﬁ\iﬁr , it
d t { ti
B pebetipthe e A ol deH R ¢y SR b baHE) BRd SEpMOLE TR Ebove
;S d NN
Bl T S A TUAE iy 4 i

r equi dewen6dB Fandﬁ\hhaoutmet mabhxd taft rear gae$hp LﬂddB Heae@mgxhermntdldbndnéss
separ | on_at uri.n duction of decorrelated mnusic
Constant,

3T Gnaret e bR aghafior S oltus

As mentioned above, in the improved decoder even when the steered signal

15  is fully to the rear, the left rear and right rear outputs have maximum separation
for decorrelated music, since 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

10
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signals ig.t esence of a directionally encoded signal. For ex le if
thg nmusi b‘oggg'i?ﬁaﬁél has violins only on thg | eft and cgl | os P&T{'{F%ﬁgﬁﬂe :
right, these locations should be maintained regardl ess of the strength or
direction of a concurrently present directional-signal. This requirengnt
can only be rel axed when a strong directionally encoded signal is being

renmoved from an out put which should not reproduce it. Under these
condi tion t he . jc.Will drop i.n.level unless the 10 matrix el enents are
al t er edPTOPISHRWitH Bhe Ak gpar Gt ekt FeeT oHtRWin 157 from heft taisureonnd
opposi t gedifdts 11€ aSir&AERT beFEP T, ad TSR Ahd %hegéi‘i ?rcﬁﬁ%%ﬁ{ *(9 Qur{bLHn& Bb&s

t presence of a s

separation reduction is difficult to hear” In rong

di r ect | fnoap R to Krdodddhusi Hheatwo Thar nutptscarehogthophasawien tespars fllly
wh th ' di ' 1y 15 ded, si l, ). f

e Sl e S RSPA ok S5O SRR DT P e e 307,215,
symEet 1 hnong thedk) has RBIH pRAS RADRGILYS Qﬂti?é%eﬁﬁuge&ﬁg{ﬂ:ﬂ detPRers2Bhis phase

However, this is not the case in practice. Humans have two ears, a
wat chi nyaversion wias| felt tnbe gnascepfable, tasey rganetadrey soand, sachasd Flane fly-

front al | : i ved di tly. There is. R
o et i PupetbE HRth (I8 % BhZs BT e BPars The iFan of b Bspeenicinentionn
and oneiné¢ludbs Aagha®y ShiffeFhiosilfptle ¥8% 6CARIRHETchR Oh?ﬁu@ﬁﬁgggggﬁq%ﬁ%f"e

whi ch had | ateral separation exceeding 8dB in the passive
sacri f i steeying.chiee phage shiftdp anade arfunctiont efcthenlogrtadio of center mvert he

di ffere he - A ] l,ye channel filmrepraoduction, and a.
conl\pg nt Pgﬁral rra}tI&FlﬁdQI d‘{rczlp r g‘&ﬁgﬁi%ﬁrﬁe s gq}'qurg sftﬁgnlnérwofﬁ?lé?f" Phﬁ‘%‘béﬁéﬁt?’@n
bet weenférthis urpose azbatvzetibed HolbveSiitlefeferdncS to PN 5Nnd B 36, 650,
recogni zes tg??qa\{ial ue of this requirenent (F) and describes a six channel

decoder wher Sig exearersLArs not pa smipde 48 dhgqsnypetimeantinned abexk.at t he

id ' T desi,red ti
Pt oHdwEvdr, By REAIIGRIE OB iheciR o} dEcARS thE SRODRE WefS of Hhes
conponempufs, the probleuns ivetls ttestamdard folie-channt! Besddrherebe 1 e&f&ivéicﬁ?ﬁet

Ha een Replaced TTITTLIVLITLLLITITi] 111 i SUBSTI TUTE SHEET E 26
Sl§ P ’ﬁms even a standard film made 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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- WO 99/12386 PCT/ US98/ 18390 That is, they reduce the |evel R$ :@S st eered
conponeWP,9AE¥4r dl ess of its dlrectlon and t hey have FEET %¥ rlght
separation when-there is no_dlrectlonally encoded signal. The outputs
described in the above-referenced patent do not have constant |evel-.for
non-directionally encoded nusic in the presence of a steered signal, and 5
that defect is corrected in the present invention The encoder design in

he ab f d ,
S ng R AR baE ST el SE0AR BT e
heni S&Eﬁé’ & dPbf Pﬂﬁ&? SHFEQ988 3s \égﬁ’x %’&bﬁfl‘?dohﬁ}ﬁfhﬁiéscgﬂé YutRitta7 general ly

meet s requi renents state air . There is, however, 10 nore
" punpphgsde shifter36in thasigval udounlbizen @2 n’ﬁhe oatplutshA amhlBagéthﬁ estadered

[ t the | t t t th d
ool ara fhe pHTRNGDEnal 41 456 FE thh Siknal; aoPebingrs BT 38 RenlGieR Crona
dge to Vafmaﬂ%&ﬁcalyg%heé gﬁ&ada}ad tHAE 5&5 b%lmhﬁeaquﬁmbaaaaens :he

direction 0 ional 'y encoded signal. 15 For both reasons, it was
necessary Lefti mnrmtdAt)dee@o'MCde@WQHJS and this invention ré3@ted from

this design.efforg ha yrequirements A thro F above
uni quely s § u'éPurFa )l'XH]W](fz&'?én b'} thematically descr Rgg% bel ow.
For mat hemt}ﬁﬁighsamhaaf@fdlﬁmha&ﬁﬁl UNEHdE wils HotRForlwitlefideThaanel the
20 decoder is a sinple |eft-right pan pot. Wen:steering fromleft to

cent ediscvetel §im, & isgesstble do slesige 8 fiveechannel encoderwhich willswerkzerny

uatlo These res ated j L=cost
T8 el 1] pbroud it uter BIBpRRR g RheliH A TReial DR ang o
aboveen&&?eral@&i@schb\éar\#ﬁ;h reférene tte TIG..3.For steerl ng in the rear half of
the room fromleft to rear (surround) to rig the right channel pan pot

out put pol dhiet gddigiona) eleraemtsTel ﬂl%aﬁwwceé% ﬁﬁtﬂ?@ Qﬁplﬁfbabaﬁi@ obthe 30
equat | sEaldard encoder 21 of FIG. 2, described above

~ The left, center and right signals 51, 53 and 55 are applied to terminals 50,
15 52 and 54, respectively, of FIG. 8. 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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Thi s She en Repl aced - 22 IIIIIIIIIIIIIIIIIIIIIIIII thkWE

SHEET (RS&EI@Z 99/ 12386 PCT/ US98/ 18390 L = cost . (7)PC'§1§_ SSAEI
.(8) Full rear steering occurs when t = 45, and st eer | ng to left

surround, a position internediate between | eft and rear, occurs when t. =

22.5. 5 Note the simlarity of this encoding to the matrix el enents of the
passive matrix described above. Here, however, the steering angle is

di vi ded by t . the sign chapge f rear_steer, i S J,nC ed
explicitly. gohm% gﬂ 8 '941‘: 1es Fﬁsgtéﬂlg @P fHsEouwRd put s
wi |1 bephpgQyhifesh oﬁfmlthﬁ\ghhhwmﬂ 15149& ghiftdie66 Leieh D53 ¢FRES ERE rofhit he
|nput W II var?/ 10 i'n each output as the input encoding steering angle

vari es. swIr phamﬂhxfterhbubwgfcmgpal 69 fveinophashskiftem@s itoproduce she

arbitrar tis ui.r ement const an

oudnes eutgt Benah 7ouBeBle S, sthiff it Boblistads GEREaL Ko b BeaRiTaRad jephben
t WO Ut painiindl '8 6f 8ffhERdPrdddep ¥y . choi ces for these - anplitude functions.
15 Assum ng that there wll be front left, right and center outputs, the

anpl i t ude f umhe ontpiudr signah 58foftthescendent phase isbiftes G8pthtieted €, ubeapsxlmd o]

F f ft, t =0, t
cont or , Cermindl i b T idnfer innt e PHRERL By dtpeindd FRopdadl L tos 50 °
- (9) 20 Cq"Heeén&&HeQLBf FIG' 3 h%Ts the %ﬂcﬁﬂertﬂlﬁﬂt a%&ﬁﬁ%ﬁt o aﬁy of t(lﬂelchsc&%e

goes fromcenter torig Left. output = Cent er

out put mputﬁ(bs L @)R@gsi RS wﬂl @x@duceanmrgndedmgml whmbs be 90) = sin
2110, EbulERR CHREHLBR A W of Bk DAL SR o PR SAREH 15,
in very phia@Blifi the two surround inputs 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:
= (L - j0.83LS) + 0.71C + 0.38(RS - LS) ...(19)
= (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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_solutions to the matrix problem In either of the above cases,. any out put

si gnal sWOi%1&¥#8ed for reproduction in the rear of the roPGET/YRYMNSHE :
identically zero. 30 In designing the five channel version of the inproved
decoder, 'a signal -23- This Sheet Has Been Repl aced SUBSTI TUTE

1111211121212 23HTTi 11T SHEET (RULE 26) WO 99/ 12386 PCTI US98/ 18390- sfeered
in the rear hem sphere between left and left surround, t = 0 tot = 22.5,
shoul d have: Left rear output = sin 4t ...(15) Right rear output =0

... (1aboe argichpsen ta prodaetidievgaane value ofibr sdmen fimel LiSuiriputemdytise t ot al

rear Qutput.shaul d tay the . .The. ri x. coefficients used to achieve
this SPeBHICRERs upde Al hal AP siprlit ntodedip sBu o festit He Che mat v 1 x
el enegécddelr whén theinglépHasi bied ddito 225 (Fe@]. PWERIL cREH i 2781 Qr I N the
seven channel enbodinment, as t goes fromO to 22.5, .the output in 10 both

t he | approxisatalyi8dBft rear outputs shoul d be equal and snoothly rising,

proportion to._sin. 4t ges ,fram 22.5% 10,45’ . .the. out i,n the left
sisge goes ﬁJ&Bﬁnn@E@uﬁﬁhS@%@i Xa?lﬁﬁthﬁsﬁ“%%dﬁséﬁ’“F%fgW‘Hbg%e ﬁﬁngﬁg,edkeepi ng
t he t ghedddrastnees, thel fieo tnppuitoéhdricels guah abadfA ea%h tURdB = L£8RSE AR . AS
menti oned above,. in_the |nproved decoder even when the steered signal 15

i s fubhg opareactdndependentefFo fimgrthensteeriggtanglat, wiet peadonkynddhienum
. | . ! t j A
ot AraReehPof PRE M TR IR By, 86 Dy 1BFolBY it b U AIRTRG 068 g = 9"

out puQ) tleere zero resulting in conplete separation. Al though the right rear
has zero output to a st.eerlgg(ysiggnal as the steering angle t goes fromO to
M 5 thetmabPi x AckRAPS" (&4 €8))achi eve 20 this signal cancel | at+@R) are

adj us At sRe B | s constant and has mninmum correlation
with Pﬁgrérir%s]{fg&slisglﬁaq in t&ﬁg&f gpé"ér'ear. To additionally decrease the
correl ati oHaowetdre sier thenowé ialels ard eompuesd ix maanstudebati terdetenminges a

ti del f. about .15 in th id h | s, d iin bqt ' th
e o P o0 T L 86 L5 AT v TS i 0, USSR ESS 11

positive for forward steering and 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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25 Once ess functions are chosen.for the various er

st eered é’gﬁ ?ﬂgﬁs t hese functi ons havi ng left to ri ght s?%gﬁf/lg?ﬂe
functi onal dependence of the matrix elenments on the steering angle can be
conput ed. A standard Dol by surround installation has all the surround -~

| oudspeakers w red in phase, and Dol by screening theaters are simlarly
equi pped However, 30 the standard passi ve matri x, described above with

refere 1124 - IS Has Been | aced 111111141111
o o oS hBpl skt Ot RO ri e BRR SR R

probl enmquaa te flred théwaweandst c@mldéleaacmhppnhﬁseﬁhmayf romleft to
surround results in. a tranS|t|on between L and L-R and a pan fromrlght

to surround §bedefteupuk shoukd decraase torrerows theaangletpradesifeom ft totdphase

U'S. Pt e 0ot prBhE BG e A stk SRR o iR sHERCRE, RS 10 '

| sbeni gigaritels UK Hecd@ilbleft,hwe defiasean ARty sion was felt to be
unacceptable, as a rear- steered sound, such as a plane fly- by, became both
thin and phabey anstamdOr 24c/8)1R0iectRler of the present inventi on@3ncl udes

2 Phase shi {6l 118, St ans! HAeal AURALLAY sl R IENSnbIRRTL WL Tear

steeri ng. Thé "phase s unctiron o

over 10nmtﬂmeired1erﬁnﬁRJ timesatici nightvheput. hArRxlbssﬁ‘eefwsitﬂl&%mnﬂaesifmphﬁ@ﬂ
phase shifters r this f)ur pose are described belowwith reference to
dm the

FI Gs. 59%911?1‘511?811 et BRWod s cas & ppd the @ghbmplatth ﬁéllpéﬁ opex this
o ONggh 200YRe w wayeerevep¥n %@g%ﬂ oft QLG8 < %ott ps&g tdﬁ{c% 149 the
g a ro

steerl n gl e of ens W our (o annel
encoder fcdlauwﬂmg theer ﬁ.ﬁiqtl(ﬂllﬁ‘[ﬂﬂ‘d, whﬁchThu&uE\e&anq)lstcwad@éxdlsf aésmrﬁadle,o\Met dqual

st e nip PR T Faflefiiean: iRgPeriPHbbro FI G 2 which represents a
i piev R e
L, R Cand S (for left,= iﬂl@itst) = cas{@&x) and 20 surround, respectiyx2zdy)
Wnilq.:{] are ap'ﬂ" Itﬁg 0t %pﬁt(:) to de or@giar%gdtﬁﬁggcqgltg b2e2conzs£11:ant2 the sum of the squares
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- Been Replaced
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~and 28 and signal conbiners and phase shifting el ements as shown. The left
(L) siWe91236f romterninal 22 and center (C) signal 25PETE$PVERM nal 24
are applied to a signal conbiner 30 in ratios 1 and 0.707 respectively;
the right (R) signal 27 fromtermnal 26 and the center (C) signal .25 are
simlarly applied with the same 25 ratios to signal conbiner 32. The"out put
31 of signal combiner 30 is applied to a phase shifter 34, and the out put
33 of signal conbiner 32 is applied to a second identical phase shifter
38. Taed $hesolead bwpimilgnabagmingdmthernesnltl 28 is applied to a third
phase shif ir_?_>_6 . V\%i ch has a 90 phase lag relative to the pha%:_g shifters
34, 38. The out p'(gj’tn 5 of phase shifter 34 is applied to signat lo)nbi ner
-25- Thi s RReetcoklgs Been Replaced 11 111 ~I1 111 TIEE 11~ kgdyl

SUBSTI TUTE_SHEET (RULE 26) WD 99/12386 PCT/ US98/ 18390 40, along with 0.707
times the Ghepenterrogipuihonld smaothlyzdecrensgs pasteering snovast eitheslefoor phase

shift 8.1 % | ' | 0 t, 37 ph shifter 36
B ¢ HEELE o ¢ doREHs ST b WinblTES by heChuBitnde & e BEGeC " 1

out puinagngtiflesoflds arBtréidg stedrirgy &1 ghelleft ervigier dirdbtigme sHeuldesnpettheel y. 5
Mat henati cal | ,the,fe encoder outputs can be described by the equations:
Left demrgase.(Ahis wi 141’9(?1!1&0*?7('}1““39. erent values fomlm@eméeft majriz R +

0.707G. .+ 707 ] . ndal; r er.will not
wor k Siefacht/CL ahd the Boltor 3iEHE U ERCERTSHIt oAU oG 3 Wien BRE Sferiall
channswiteheo fienm wiglothtonleft. Dhek/vbased dteevimlel anvgle wilhbe icalled ek Hefiecdgler
zﬁ?ordi ng to (ﬁzhe prégsené) igvﬁ ti.on. Such an encoder is described with

A0 er BrasSume¢fesgodromyQ at dullilelnta 42 whenstegnng pe full wepiRiotlevhen ar e

appl i : ndard encoder 21 of FIG 2, described above. The
Ieft,ﬂgeéﬁpgﬁ%aﬁé e%%ﬁ%ﬁga?gnal s 51, 53 and 55 are applied to term nals 50,

15 52 and 845 90&spectan(@Dy; (W) FR®) 3. In each of the left, center,.(88d
i ght W%he%(re] in\'l iss’expressed in dB.

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(¢])

= 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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an all -paﬁ,a(g%g%g shifter, 56, 58 and 60 respectively, havi ﬁ@sﬁaﬂﬁm shift

function shown as 0) is inserted in the signal path.

surround signal 63 is applied to input term nal 62 and then through an
al | - 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
shifter 68. The signal conbiner 70 conbines the | eft phase-shifter output

i gnal 57, .f h hifter 56 with 0,83 ti the |eft
Shase. SRS A Wit aive o9 piRrt was thheas! e Batest HHRE I omout pu
si gnal dghtbAbgh®drHen tHirelisiro stePinggdhlichthat Willdhe e band bEthEtvoliRpUt

termnal 22 of standard encoder 21. 25 Sim arly, the signal conbiner 72

conbi nesignnls.r This ipaxsaventional solution, whengridiere is poomspparatiemivvhenr 60
with -0,83 {1 th i ght round phase;shifted put signal 69 .fr
phase sﬂie]epé),g”%@pts DWFO@%Emggﬁﬁf?ﬁ n»ﬂ"&}éﬁ mﬁ?“ﬁé@%ﬁ‘e‘&“ﬁ? b%vﬁﬂecﬁnflsr‘ﬁﬁ]
appli edmiiss HeZdtowithBho Isbedrii@er i ght input term nal 26 of standard encoder
21. This Sheet Has Been Replaced -26- 11 U Iltl I~ 1L 1 FHEernn el

SUBSTI TUTE SHesplyRthiE peplem, the magix poRtUsos1adssdependegitiyathrory the he

si gnal I ey, 1C. i - Q. i he l.efd .surrou se-Sshifter

out put giﬁé}r%a% Z’?ifi ot%g%hcgg(zs's% ?@gﬁ:loggﬁvéltvﬁnds%n@#wgrgﬁ]é %P@g%tent ufr ound
phase- s§]1i36e65®uinpwhich githl 1efOahd aizliphaatp ki dreethet&uppldihedtifieodtpatsDut put
signal 75 labeled S, which is applied via termnal 80 to the surround input

5 term hhe spdulden degivpd therecwdess the protdenyeheancslimgathesdirettional cent er

ph shi I jed Vi Lnal 728 to the center
"tk ¢ SnapGpibat B EhEfesdn ik RIS e, bR IRABudf bivgoiinil Bk

proper t gutfhat decrengeaby BuBay the stberidly soeette fullngaiter LS, L, C, R and RS
wi || produce_gn encoded signal which wll be 10 reproduced correctly by the
decoder of t ¥e spBoRTestihensoedhcientsioaupidyhis defectiby npHtindying thean bxo

surroungyd BRULS (Lo ¢sRPsidliel), WHAAUSEs % Bhbde WhRTh & SSOSInLARY is one, and
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
two i nput channels such that A —(43)3 t and B =.* sint, I/r and c/s are

U T ISPGIIEN w9 S oS MBaFES ghvenyo0 0Ny 10 the

LS= A(1-GSL)-05(A+B)GC-05A-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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ar ct ang.e%gg%&gg | eft |level divided by the right |evel, o&,fghéﬁng?gi ne

full left O, then: 10t = 90 - arctan(10 ™~ ((Ur) / 1)
degrees if 1/r is in dB as stated above. However, since the two |levels are
conpared in nmagnitude 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 negative for rear steering. 15 In the real world, the input

[ ls to the.degpd t . deri.ved f t but, f ) d
s Shout P deriseebog, o, Soithit SEwl Feuph B Eho, R MRbnF iinert SHest it 11 on,
there igeatiRst Wal HBYS ofBF PEmBYaBshalSUshich ﬂe%efe@we&me}m tPhe feﬁﬁaﬁ@ns_

signals. In the follow ng description, the problemof specitying the matrix
el enent® sd®eiaredi vi ded into four sections, depending on what quadrant of

t he encoded ce 1s Dbei L l.e. front, left rear, right..front
or right reaﬁ?g%%r%q u %ﬁgznﬁ%%éﬁ"cﬂf}é&%@n Fetdder with Ieft ':'gﬂant,
cenger,ghdght front, Jleft side, right side, left rear and right rear
outputs. Two matrix el enents nust be specified for each output, and these
wi |l be diffBBRdeft+dRBAei hg on the quadrant 25 for the steering...B88 right
front an .righhtdrti)%r ju}%drant coefficients can be found by reflection
about t Ry “f}P, ‘?l-b EGRMED as the matrix has left-right symetry, so only
the left froRRRROIRSH & dogag Steering effects will be derived here. For the
front quadrant, we w |l assume that requirement D above, rather than

requi rement BRlo= B&lby stadsound, is used, and. add the correcti.off3ater.

30 [ ' L.l ' ' g . S. P , 36,,650) b
3048 005 el Shats LanBIUEEL S0t PP Spindile i g™ P
SUBST! TsfBerisdEER of RebE s26rin) WALA 2386 REFTWRD8hd $AUWiduaed taps whi ch

describe the _steering in the present invention are different, and unique.
To find t hemhhe lefisand gpghigmain flementy are $bp semeny for front steering, except

that the angle ¢s is determined from the absolute value of log(c/s) which yields:
ts = arctan(10 ~ (s/c) / 20)) — 45° : ...(63)

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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. The left output should decrease. to zero as the angle t varies fromO to 45,
si nce W¥YOf§1 want any center steered signals to appeaPCTWSI88390%f ¢ front
5 channel. If t =0 is full left, we define an angle is = arctan(10 *
((c/s) [/ 20)) - 45 . ...(22) The left output is the matrix elenment _LL
times the left input plus the matrix elenment 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 want the

| evel—§iR & Kae |ce¢ﬁimt§JtSLoﬂB%d{Sﬂ pndeRPBamast satisfincreases, fol | owi ng
the function FL(ts), which in our exanple decoder is assuned to be equal

to cos(2ts). Thus the left output is described by: Left output = LL cos is
+ LR sin ikSE FILRIS) = cos(2ts) ...(23) 15 If the output to deg)rel ated
music is to he gﬁ{lstant, the sumof the squares of the matrix coefficients
must be oneSRi=dRR| > + R =1 ...(24) These equations, whieBQ@re

basi cgl | f.qrom f Qr u . _ l.c_equation
for Ly Pahfadtiffs & e dlefuhddibb b thEsthinldy AufgthRblibel Tl T, o

i 5 grfolibine P8elet s 40lyao thiae ot her. For the left output, LR =sin is

cos(2ts) +/-.COS IS Si Ztsg el 2D LL = [ 2t in i i n(2t
C g2_6)) Cfﬂgg‘.s‘f%gfllt‘hibgé r’egs&%b% whi chC!O: Imrspﬁgsi(_n ;éuZ;-p-ééf)(?S;(an;)
plus in eqpgt g@@iﬁgg):,mq&q,eam g!%;le%li hematical identities, these sinplify

further to: L =cos iIs ... = - sinis ...(28) The right
out put sholiBi2keL3®2e dver the same range of the angle ts, i.e(62)Ri ght

s CSUIRE BSHE et ant - S0 30 R2 ¥ RR2 = 1. (30) 29" Iaced This
jpeet Has BegR Befn il FIS() +/- cos ¢t V(1 - FS@D?) ..(63)
LSL = cos ¢t FS(tl) —/+ sin ¢l y(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 3t/ ...(67)
LSL = sin 3t/ - ...(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

-

-34- This Sheet Has Been Replaced

N [



SUBSTI TUT, (RULE 26) 1011 Vil 11l 111111 11 WO 99/
PCT/ US98/ 5&‘955 8nd these | ead by simlar reasoning to the %ge’glﬁg%wﬁg-m nts

.(31) RR=cos is ...(32) The center output should snmoothly decrease as
steering noves either left or 5 right, and this decrease should be - -.
controlled by the magnitude of U, not the magnitude of cls. Strong
steering in the left or right directions should cause the decrease. This

& hng Eingethed Whin thesR G i stepting, rof i TSt FraRens s ey i Al
SW t Che%ui%@m fég&'ﬁﬂés@ dﬁt&enﬁ@e I'thd%ﬁﬁgte?& eﬁé'd&&n@ﬂ%@eﬁ"bi‘l'oﬂ%ﬁeﬁé" led tl

here. It 10 is assuned to-go fromO at ful 0 45 when steering is
full cemeguirementefor therear gubmlfstreeh@ue@r guatlramu Oneoof- ther assam(lpﬁons

| / d jn dB Th t
Choul o SRER be proke.atd ThE 1ease HEIRARRTHE b e ShiRnpBiohEot
(cery er bondiimitimoeld RRef a5 thB's%eéﬂﬁg%%‘éQ twﬂm {%rc aphedidfdddd flidcbdbs

equal to sin(2tl) in this enbodi nent. By the above nethod, Center output =

CL cos tdoes noR hoost the teval(toi the-resirrgrmaker, and hys wsmdagduﬁim ﬂecodmndmemt
R = o1 b iobiaed i mpiste e s Gond ptect s TR,thE REAE. T BFprifanl L
sin tl ¢na dbédder hd3hb seEB?aﬁbﬁflﬁrﬂh@Cke%k%akﬁlePi USVé BaR Pédithereast) and
m nus in equation (37).
separation we want only by allowing the music level to increase by 3dB during
10  strong rear steering. This is in practice more than acceptable. Some increase in
music level under these conditions is 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:

——————
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25 matrix elements for the rear outputs during front steering are not as
sinmpl e WO 994386 yve as those for the front outputs. To der?%‘.’g 88390e use
the argunent and fornulae presented in Giesinger (U S. Patent No.
5,136,650.) The problemis 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 30 during either left or center steering. If we followthe
met hod used above, we get -30- This Sheet Has Been Replaced | 11111
1111 SUBSTI TUTE SfseErdBruLE BBPORT 99/ 12386 PCTI US98/ 18390 nmmatri x el enents
whi ch give no outpgﬁ when the gijgnal 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 a28onventionaf).290l uti on, where there i s poor separation
when steering sto?s. We want full separation, which neans LRL nust be one
and LRR 5 nust bel8ero with n®18teering. To solve this problem the matrix
st be made depenglent both ongtjge value of U and that of c/s. A solution
iS given in Giesinger (U S %a ent No. 5,136,650) in which side left and
right outputs are-fl8e "suppl em@@Bal outputs”. The solution derived there
sol ves the problen1§f cancelinﬁ-%he directional 10 conponent at all angles
inthe left side ok put, but t O3nusi ¢ conponent of the output decreases
by 3dB as the steerLpng goes topfyjl | center. We can correct the coefficients
"to avoid this defect by nultip?ying themby the factor (cos is + sints),
where is is an angt8 which is 2800 when c/s is one, and which increases to

when c/ S i a, and, posi ti t he .fol |l owi ng equations, 15 the
iﬁgl es is iﬁﬁ]ﬁh '?S’%PF@EH#%@QT&F@“UP@ espegti 3e| y: is = arctan(c/s)
- 45 ... (3f) tedrhs f %ﬁ@éeafﬁsllﬂfs),ﬂl‘le ‘f;éft -realﬁ 3 put Rl rix Weffilieh& &1 l:lt§ @ivkf erent

fromthe angle defined previously for the <center output. 20 In e
t er mi cherotpl wefrsiomearye: evi ous patent, the control signals devel oped at the

inputs to f,gi,ei%los(\fl%c i_amg ﬁﬁ'dbé"fra(l)'gfc}s?rs (VGA§) are called G, (’%9,(78? and )

- LSR = -sin(45% - #l) - : : (77

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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GS for | ri ght and surround respectively, and ,U %Q{mnt al
signal s Wég?_gl GSR are derived fromthese for the |eft a%] r|§g surround

VGA's. The co_eff|C| ents here.described use a |inear conbination of the G
values to provide the 25 left and right coefficients as a function of the
two angles ts, derived from Cl S, and - tl, derived fromUr, respectively.

By the definitionstherein G ((cos ti - sintl)/cos tl) = 1- tan ti
.(40) CC (S|n|s/(005|s+5|nts)) ...(41) 30 (there is a factor of

two that vva?}berﬂtted in the printing of the earlier patent), -31- |aced

Thi s Sheet IHBSBBEST Replsmgiad(s W24 BYHE 26) hi 111 SHEET 111111 k&b) 111 WO

99/12386 PCT/US9%/ 18390 GS, e (1- sintl) , (costl - sintl) . 2sinis
_ (ceaudsfordihe sidp output)s = 0 e costl costl (costs +sints)u ..(42) 5

t hi f GS tl)/ ' = G
EZLQCﬁ N aSE ol L BBoodiesdly < RSPl _%2824&1& nts) "
-0% 10 tl) Esm:: t.lsm(4g° cogyl (costs +sinis)u tan tl) ...(43) _agd)the

left and right supplenental signals are given by: LS=
A(1-GSL) - 0. 3@%57 Sm(@55¢AIB) GS-BxGL ...(44) 15 RS= ...(83)

B(1- GSR) - 0. 5 &%B) Ghd 55(-Atz§‘2§§366§r(10g(c§‘§))- 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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. Thus, the coefficients LSL and LRL are given by: LSL = LRL = (cos is + sin
ts) (1 W@1238Q 5GC) ... (46) which becones, after sonme REANSHESYon, 20

LSL = LRL = (cos is + sints) (sec ti - 1) x (.sec tl - tanti) - sinis
...(47) The coefficients LSR and LRR are also equal, given by: LSR.= LRR =
(cos is +sints) (- 0.5 G - &) ...(48) which becones, after sone
mani pul ation, 25 LSR = LRR = (cos is + sin ts) (tan ti - 1) - sinis

...(49) The right side and rear outputs when the input is steered between
| ef t doderent er can be found with the previous nethod, but the steering

angl e used -32= Thi heat Has Been ReplagedJ4LIT1IITLLL illll
SUBSTI TUTE%‘FhE%L%nE@%n% @b?‘i’?%é%u‘&gﬁﬁ&%ﬁl“sgﬁgby BROHRCAHER | ved from
c/s, sAghbdk thatwhelcehtotethaneltdigpat ghbuldbelhdibe tottherleft foR and!¥ght NI
W need only renove signals which are steered to center. The equations to

sol ve feans: oupgis withy @ gainpeft ~3dBRer 8997 sWhikerhigirepreduceg the qeptyr 5 and
2 £ RRR2, 3. : | gl dqth | ution,. RRR = RSR = RRL =
5 o o S A LI 80,

el eneright! OFof egainplseRen Herd &4 nb §8dersi® heN@nteh 6atHtSisi G 7IEGADI MRt he
follow ng are true: The left and right main el enents are the sane as for

front Addapgithis teleft gnd xight yislds agdefi eutpntiof lyak.er RisTeandra mghteoutbus| ut e
val ue @f Ir5) ' i roadiS 3. AL 0 /¢ 120)) - 45 ...(53)
15 and?ERA BIFLL SUER chediaraliy s AN do BB Lh Sar0)) 0

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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LL = cos LR=sinis ...(55), and RL = sin is

cCos is . W?)g? he center matrix elenents are identical mqggggm?eerl ng _
as they depend only on angles derived fromUr, and are not dependent on the
sign of cls. 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 nust 25 be renoved when there is strong |left

S0 - LRI e b a e dRt SXbrdhsjoniideniyed Srara i aEies ?%%SB' B%ithaer
strong gimepritte ddfmitivhs isda cithd Sfdert§ WireRidhPLY ﬁmé‘E@n%tE%e fh Sefaknx 0,

but increase with tl according to the value sin 4t1. 30 In nce of
uncorr eﬂtmﬁdem before qyerforaningdthsymilipticgtiahs ahd-additions ®quired® Thi s
Sheet Has Be pl aced , SUBSTI TUTE SHEET RULE 26) 111112112 (100l 11 ~
1111111%"'}1% é%%ﬁ“’ﬁ?ﬁir?lﬁgﬂa‘ -sint, the coefficients LSL, LRL, LSR

andsRSR nUStIﬁ%hé%ife)éodéisbo-oflﬂG t&é%pu%%@rm 92 ahfdB4 rb&H Vr%l)?’q“a'

outputs at the sides and rear, and the anplitude during steerl ng ol | ows
FS(t1) receive theileft endrright stereophonic- audir ispat tsugx;alﬁsebel)ed A. e(rﬁiLB, vhicht he

To° - L eSS AE P thyumBfS brope e chegders ofEIGs P . or 7 ghjectiest afege 1|
FS(t1) trahsaiiBsioh/rdecdrdingHrid redeptionl/Sthlyback through typical audio reproduction
media.

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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_ Sinplifying and using the preferred sign, as before, -LSR = sin tl sin 4t1
+ cos tWO942361 .. . (65) LSL = cos tl sin 4t1 - sin t| PEEUSPE183N (66) 15
whi ch nmay be further reduced to: -LSR = cos 3tl1 ...(67) LSL = sin 3t1.
...(68) The right side and right rear outputs are inherently free aof the

| eft input when there is steering in the |eft. rear quadrant, but we nust
renove signals 20 steered center or rear, so terns nust be included that
are sensitive to c/s. Right side and right rear outputs are equal, except

for differShmiladyajhe Aaand i signads ase sybfrastedring lsubtnagtors126, themppassedrsL

he SHrhpBBotlet 198 i bl hbalele TR0 The sl g o " 7'

decodepafithinie aflslified 1240andNE30 agslcoRIBRRES i1s 8ubiicter 1320 Prodhice tisé gnal s
are renoved fromoutputs where they do not belong, full separation is -34-

Thi s Esigael clﬁagrléelg as Repsest taropghswiteh 154 | In thz alﬁ;zmative DSSRBN PUTE SHEET
afa ot S thé Sikstal Soser dieg uiy the EnEBhERe oGl L Bitol gl TG

Unf or 4d @b phditoMe382(vhaéh Haok idbntiedl ¥d186€ to tRE kbfREPHA&iN0Eorh PenéeR"

output in the rear quadrant. One of the assunptions _nust be broken, and
t he | bkdangr bH.c Fhuscfagnthe gomfrehroltage generatiomeirenitiasbesn deseribedisi ¢

ot 1383¢ tFisa] 8P sHERRs B Vi a2 sidhis R IR bbb B RS, qecoder
does logarithms of the ratios between the amplitudes of left A and right B, and of

10 center (sum) and surround (difference) of these signals.

The matrix elements are represented by the circuit blocks 140 - 158, which
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
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not ian%? music level as a sound effect noves to thg 08/14336
st andar d ig?/?#gecoder has no separ ation in the rear channels can get

the rear separation we want.only by allow ng the nusic |evel "to increase
by 3dB during 10 strong rear steering. This is in practice nore than --
acceptable. Sone increase in nusic |evel under these conditions is not
audible - it may even be desirable. W have been finding the matrix

I tstoth r se st,eerin le tl erlve t he, Ur. | evel
Fati o Setlde HopRdR} 8RR 178, RuRhE Hiad B Il let it Aty € atet plogs
decr eagpaftd ﬁﬁ!@on\é@péﬁlhgesﬂxﬁﬁle@feléﬁﬁn‘w'ﬂ&%ﬂodl& 166 angrpegd ratio (c/s)
becones a | arge negative val ue. Consider what happens when a directional

si gnal at t|Althoegls ansanalegdmplementationrisrshdivre o Fdﬁal‘l iti3$ equalyt hi s

become PP Rr Ay B vl BRER HuAEh e eaier hebRide: BRpEns ©

wheg e leheirslead ithe digral dbmeia] Msi!n% 4 ldegit8Psignih @r@&%kms Ch8P) QRihS Kitht 0
make the matrix el ements relax to _high Separation when U goes to zero,

whi | e chiegpil henfamiliarcta thase siﬁligdamthem andthe blgcleaslyemtmecuﬁ FEG. 41 =

7 (7o BEBmepdiy jioipfehentel o5 o Bty ovbianing by <TE fp PREET the

musi ¢ heyidus sigasl @l@laysbwﬁul&ﬁﬂita@meaﬂ@@dﬂiﬁm Rf walldeey 8ericbdpal to
decrease by 3dB when the_signal goes to the rear. W can fix this by

add| ng Ségmlséfrdénéwabandﬁéle mgleb bendrg from thrse \sagmaaisbt,o ha lmedumlt the
Bt T TR R
expr essacchedihgstol dhfe present abv@itio®5_ This Sheet Has Been Repl aced 1111
SRR &%r}l%éltol H 5&? UaBEgn-lz-i_ ogE VEFsEirIJEr-[ 0 ‘TgléEphzaess)e 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

This Sheet Has Been R,

T

SUBSTITUTE SHEET (RULE 26)



. WD 99/12386 PCT/ US98/ 18390 <c¢/s in dB RBOOST -32 0.41 -23 0.29 -18 0.19 5
-15 0. 19094286, 06 -11 0.03 -9 0.01 -8 0.00 10 TABLE 1PCT/HBIRASWn of
RBOOST with c/s In terns of these results, the left rear output matrix
coefficients in the five channel version are: LSL = cos(45 - tl) .+
RBOOST(log c/s) ...(76) LSR = -sin(45 - tl) ...(77) 15 and 5|mlarly for
the right channel, RSL = sin(45 - tl) ...(78) RSR = cos(45 - tl) +
RBOOST(I o% c/s : f79) For the seven channel enbodi nent of the invention,
apRals, g8 ik deen apt Bwovide a gosteaffectivedvar of smoothly desi r ed

Efgéﬁfeng go% S5 2 81 orkPhter, bl SR B BT Moo

coef fi c i eMisFY@T Sbdg shbwinna tcbﬁvexaﬁm@lf v@rﬁﬂl@l@l digithl deldy blerh&itf thdtomhef t
rear. m{{eductgn of. si de_ qut put acco amed by a boost in the
cor r ¥ Hy plementing:a gigikal; ‘HPBP I eJH<9 delaxrblpek 47O %ftf@@rmtgnal

I s e t s the
S h BRSOl thO ebliEYARRY 18 Bpfthifid 1 He VNGO GRMERY, 0%,
rear signsl ¢s csstas‘ tonperformRBROEGNE tfahciumn g fan theginalogs ptiesé hifterf 6OM t he
val u —90- rctan( /c) re is varies from22. 5t
t hat elt‘ﬁg 5@5 i§ giEwito 09 PLELs ApRliod ta aaﬁier@q Sre-summed ang cbﬁaye s =
45. by delay block 202, the output of Which is fed back through a multiplier 204 of

gain g to one of the inputs of adder 200. The RS' signal is applied to the other
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
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Thi s Sheet en Replaced [-36-1111 1111 II~ 1111 SUB #ZQF#}

(RULE 26) %@%?%2386 PCT/ US98/ 18390 Then RSBOOST = 0.5 s?ﬁ gléugz 5))
.(80) and for the side outputs, LSL = cos(45 - tl) + RBOOST(log c/s) -

RSBOOST(ts) ...(81) 5 LSR =-sin(45 - ti) ...(82) : RSL = sin(45 - ti)-,
.(83) .RSR = cos(45 - tI) + RBOOST(log c/s) - RSBOOST(ts) ...(84) and

for the rear outputs, = cos(45 - tl) + RBOOST(log c/s) 10 + 0.5

= - t)
RO oo g mddidg! 1Rlelr<5“ '%&wf%éswlgyeh v@n?e%mef%%?%s d6 xioge) 15
For the fil m,degpdsh o#8 WowtE tHE¥Eridd }E?* P th? ti?e%gﬁv& by

criterion E, whieh entails boosting t annel s by 3dB
in al | coefficientsiChberidAR ulider dvhtstemngrfrdnn cmnier ((mdB)atd teftn(33dB). wTthebheft

ot cer | RREEIA L oeEeasas Y HAB: whtleapedrieht corBotont SRsorehtarei zomochts
B il e
ar ct angensd wher( 699 stegrimg {sto thcqn&lﬁ?) above) LFL = cos is + LFBOOST(tlr)
S E TR R TN W el U e R
st eer i Wriesinger's previous patent referenced above, showing that again the music level
is not maintained constant, as the curve G does not increase by the required 3dB.
10 Turning to FIG. 6¢, 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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CL =sintl + 0.71 LFBOOST(ts), ...(93) CR =cos tl + 0.71 LFBOOST(tSs)

... (94)WQ091338&e equati ons conpletely specify the additiRGEUSIBEEMr enent s .
for a film -37" This Sheet Has Been Replaced SUBSTI TUTE 1111 11U 111111
LEEE L rrrl SHEET (RULE. 26) WO 99112386 PCTNS98/ 18390 decoder . -\Wen
there is no center channel |oudspeaker, the Dol by specification suggests "
that the center channel output should be added to the left front and right
front outputs with a gain of -3dB or 0.707. While this reproduces the

cent svhen stemming beliva¢eryleft redm(fdipeto fudlréar (+33dEBJuchzainhéhe epis &t i on

bet . ef d i.ght. F I th ' . St i.ng,
et SRR B B Roef B LETL LS hBRGR bl o
out pyhové. 1. 5L + 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 Rinallyyin FdG. Setisahewn the curte Nxwhich semnesents theevariatien dfs

cent steeringd, ~using.the angleis, derived fromchs, so . .that LFL = 1 +
EroRRs CpBsEorts (o G 1€+ 10 By uipSho (ool BBl Y 3Bptied B theirgey 1o

Unl i kg d SideRf¥oend|chadaeisverkedy the leebl nghdblconsiaits 8s desé@bed abbve t he
dialog fromthe left and right channels, and also keep it at the proper

| oudsebsequent; treequaiion WBP) e naintaining full left-right separation for

nusi c as laagas &G S SRlkDG ERobA ADSfL0UhE SBBSHE fol <8 @' ef er T ed

five channel "enBodi nent ’s e Séven annel s

descrbeied sthaderadleehsadiagerhesallanchd pardesiodsr wittovéfdesndene tief t,
center, right, left rear and right rear outputs, the left side and right
10 de degpper smbwdimgnbspresemted abpee.under st ood from the above mat hemati cal

deser L1 7! B ool BT (TR PR iy 1oV P o
t he |gettespoddinglitnwmberetteraninald 82, 50, 52, 54, 64 respectively as in the
. encoder of FIG. 3. For each of these signals there is a corresponding level 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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25 shown, it h additional 10ns delay simlar to the blo 118
whi ch i"r%&é’%&‘??glam del ays. The addition of the RBOOST, %é%&g%ﬁg’ﬂ&
LFBOOST functions as described for the seven channel decoder, the film
decoder node and the m ssing center channel node in the |ast section wll
be sinple nodifications apparent to 30 those skilled in the art. In the
digital inplenentation, they consist nerely of -38- This Sheet Has Been
Repl aced %111X%11 1111111 ~~ 11  SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386
pPCT/ UsFBMI R SESRRAAVRY t he appropriate boost expressions derived from the

angl es is ang signalidonbidPs oAt 2506k the TR (MHS8sh AN dtbRusteED

$h
direction to the corresponding matrix coefficients before perforﬁi nS t he

nul ti platteatiatos 284 vadhligainmin gythe d.3(¢-900nsdpah Eatteauaesd byegheout put
signals. 5 In the decoder 90 of FIG 4, the input termnals 92 and 94
r espectaittesiuator &6, weith lgain eos Qpd the §iy) stmradptiw 01 ¢) sigliad withutaini @Aavs

| abel ed nd B, which typical |y be qutputs fromthe encoders of FIGs
2", © g sty Sendl Ser Gkl h. 3ERE) vhte pbesa g mibich is 1abeled (41,
recepti r | Wl duction nmedia. 10 The A

si gnal tg{yrtete@yn@%g . %%@?&?ﬁ@%gﬁq&kgﬁ%g?&%t ypically 15nms) delay before

appl i cati on A eimilaematrie @52 ﬁhl@@&'hteSRSOﬁbﬁﬁgﬁﬁﬁﬁﬁt@?ﬁir@@irp’@ws%éls to
permt the signal processing which results in the ['Ilr and cI's signals to

be comBS¢d0"hsignadiwmithagaihicos @gy ithd Rieigbsl, che O(g sidiealowith %&ins-i gnal s
to act on the (Slel ayed audio signals at precisely the right tinme for

steeri r%797'reﬁ‘ﬁ1 She iRl &) spgnaly Fapsoducy theisighdicartput Fhat temniped|46.r om
e el 92 e B BL e Rle counLb @t RO RS0 0. BaeRS 10 2
e sy Bl M, 1 cRag36 R Sl B R AmLRE
anpl i f icdrtbelioyentioni08, | abel ed A" and B"
Whenever sl is larger than any of the remaining signals, then O,
approaches 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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respectively, are conbined by subtractor 110 to produce the Ur. directional
cont r ol WOSPiA?386  which i s passed through switch 112 to t REVHEWASI% rcuitry
descri bed below. In the alternate position of switch 112, a tinme constant
conprising resistor 114 and capacitor 116 is interposed in this path to

sl ow down the output transitions of 25 the I/r signal. The B signal from
termnal 94 is also passed through a 15nms delay for the reason stated

above. The A and B signals fromterminals 92 and 94 are conbined in an
anal @hasedthft netgyorke24 hiawtngjhe phape fanction ¢ Pf fretranaytl; aigha

e PopRoL RIERS bhke S8l pefidits 30bhaRE sht Phate ihe iR AT 5, Tetere
Si mi |thel A sighel fMoanterEnisial 3005 The phakt shifted signa Upomed0dis aBenuiabed
passed through rectifier 128 and | ogarithm ¢ anplifier gnal s

. 0. 2 oS
f r omhsha factegarOi4din aliepuater 398 and theylagsang ,qyaégmrﬁl %‘FTé}ie}ﬁt%hact or 132
t 4 pse F _ MR
Bt L ERROEbHE 0B E et Y. B ERRRp A J6RHAH: G S107 Thitoutrfhth o

const génhLore B0y and 1 are sdhmehih sapaner 812138, whi ch have i denti cal

val ues to the correspondi ng conponents 4 and 116. Thus far, the control
vol t age gehbe & pignal i%téﬁrﬂllﬂﬁlsg&éﬁ Péé%%f b gﬂ an ajlspaspphage %hlj%*s uch

. - . . . ) . | . f
Che’ gtk 814 bo iy Ehe otBRELE stftinicrd 3121005 M hindd By PENASGRE O
( sun) tpsignaliB atitkle odtfdtofphage shiftdredit.si gnals. . The natrix el enents are

represented by the circuit bl:iaﬁks 140 - f}58, whj.ch gge gch | abel ed
3

d8cor di ng Theiwirubef spmmaar 3dRds nasaed theouely apteguator 316 spth & ng

equat A0 a3 Spag Eogf%%ﬁaﬁh %o &déeii%ﬂ%? &@nmaegf@, WhePeit &7 dRddd 6o
funct FOR- Qescr Be y equation ( , (54), (91) or (95) as appropriate. In
each tiesphatdrishifidd signed iB firote shifier 8h41 [indlarlputheucutpatiofiphasestivfier as an
i nput _to.this block wt an ar . .J,0.designate it a controlling input
rat hedl¢ H*&ﬁt%‘?cﬂ}aéck’ys? ﬁﬁPaF%p%ﬁ&Wlﬁhég%tﬁag‘& far?f)‘ﬂﬁ 048 o Pasret it ver sion
of | ?L\]& 825 ipR&Ye 1 18 HdledPRSEH Cutpkt W FAmihRe 319, ahe Phask-sBffteand it is
mul tiplied by the coefficient LL in block 140 to produce the output signal
fisom signmlbMhekparticular choices of coefficients in attenuators 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
25 828 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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20 The o the several matrix elements are sumved i n, SIHRER) k60 -
168 thus"%agé/?%ﬁ%%g the five outputs L, C R LS and RS at '?erm nallg"'g%?z,

174, 176, 178, and 180 respectively. As nentioned above, the RS signal is
passed through a variable phase shifter 170 before being applied to the
output termnal 180. Phase shifter 170 is controlled by the c/s signal to
provi de a phase shift 25 which changes fromO to 180 as the signal Us

steers fr. nt to rea n_the en annel .version ,0f the decoder,

ol rou VT BRAnd BasSaL o by SR GRS BERerns Wil dSlrsu bl ng e
fromthe samEhROthé Sig@saltlBfswitPeRtBEPBRH RthxiRIANBYs$ti$E YWhud W}Férﬁa%i%xm
with the coefficients LRL, LRR, RRL and RRR in bl'ocks corresponding to 152
- 158 hsappliedvis the bdinputiofddiei passivg en@reierder aymaxipuny megativeatallas
Been Repl aced ilé%lllllél&ltl#;@él.l I Ii:l |  SUBSTI TUTE SHEET (RULE 26) WO
99/ 1. 2368 PET7'88F5)1 888G 2P tBPBtocks 96 and 118, which may be
insprted eitTigs pukrpase of thé Q%Qxab'léﬁg Ss t8'coBfroftht ARpEP PhASEP APHHAEd e R

el ements. to bl ocks 166 and 168. Although an anal og inplenentation is shown
i n FI Gdegodex of ¥legdal Fyr thisseiaspn, theaetragrib of PGS il ingernasedbetpleen, to

I npl e t th C raf unci.i 5 entyr i h hgi,tal domain, using a
di gi tg&?’gi‘é@%djgr%gglgéso#pﬁﬁggagéﬁvﬁ}ngﬂcﬁ )éﬂfig)s‘l ﬁf?ﬁt}bé‘fam liar to those
skilled in thie @irtcuifSlowhenFIG KO SaHIRMRE iLpRAsE bRtk 348 lof sk Faditivn

i npl emented as a programoperating in such a DSP to performthe various

si gnal @eWhich may be dhecame sbifterias ditinoREG. &sfollwedhbytan dttenviatethd44
i gpal s, Ur. / d.th | | and,is, f th igpals, to b d
030 havind el s RtoRRS cGF Soiite Do RBRbe Shifer 28 HbielhPaay bo-*
functi qgal j f ' : t.i t] i
funct | 48l dnke ik SARISE F12E %S oAbt b BRI BGYL id RGN Bk 1 19

phase sdttbhaatori 348!ivtith tdtterhiytidn SA@0RALIRS J STRUbhE5EE dDatRéneReraigsanal
anplifier 182 and then inverted by a second operational anplifier 184 with

the 15 amp@Usraxs supmdddyavmpprd50 tegbadderesictified ¥88ighefiati teyminat y
?ﬁlr (r)]ijg:; r‘{cw)/ tﬂ%sstoogeal écItIyI ceornsnelc:§gd %g%exlrgfnaeir&z E)?%Q&Ctéll vely applied
15 In the lower part of FIG. 9. the B signal is applied to terminal 302 as in

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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. resistor 190 and capacitor 192 to a third operational anplifier 196, which
buf f er SWO9d2386| t age at the junction of the variable resPSTYS¥HI%
capacitor 192 to provide the output signal RS to termnal 180 of FIG 4.
This circuit is a 20 conventional single pole phase shifter having an

al | -pass characteristic. .The variable resistor 190 is controlled by the c/s
signal in such manner that the turnover frequency of the phase shifter. is

hi gh when the signal is stig;ed ix(g') the front, so that the rear output
si gnaoatealledoby the iprense qfdgas: whithe wieatall xs/lss serthas verrs rs/luexsaedaces as

- pi oo 158 G Qs o B ine e Fom iy miia oharha AP ARt B o

shift_4gs: . °i S, @t h chgﬁgo ' ect of this
phase-ésiiﬁgerrltljlggs zgggﬁgaﬁ%&gw%{%e%%%? %%@?‘ﬁess b?ﬁ ‘% #gatrﬁe%r signal s
subst@affidbhis e%ctWél% HeeomiePdneplexidue tEsECphkisd tRangds 4D eheidput¥dice
conplex nulti - Eole phase shifters could be used, but would require

afidi tthenmiain ipagtiof the ideceder sffown in Fiki.&.Sheet Has Been Replaced 1111111111

I 1111 S I T (R . .23 PCT/ LLJ 1839 Lhe out put
channel s, LE{?’(i I&ggggﬁgg?s %Irlt)é\l;lééégéw\égﬁgé 1%3%{6% ﬁ%9§%ers%tq}%§gs

I everfrbRgthdteoPBG 7 My diheplifyeng elae pbhas BRIft \Heewerkd. NThel muddst bEphaks FI G
5b i s _shown a conventional variable digital delay elenent that ma be used

i n i nihifeeterkscan by raduesehbyicoringte thierem| signalsduafonereengdingihess r cui t

5 of Kl Ny L M -AIIR Lo, val S t I b val ue
of cotfﬁbfrgsgﬁstihéen(gl&mc?% gcéshéﬁgi‘s’ fthélts B’gers gglruﬁ:’? ?ﬁé’y‘g‘{ﬁn"é’"f‘_ﬁ%@? i%ﬁd £§P o?bh%fgg anal og
nbasestsf he®hords. Fh&dedariptibntdfi@, CAXE @ [, is bl Sintplafied 200 ifhrbackasider
200 are summed and del ayed by delay bl ock 202, ‘the out put of which is fed
back 90 rwhgh lal/msllisigreatar thevh 3dB, gad wtherwisere zefo (jlust iaspnttheodecadder 200.
The RS signal . is applied to the other 10 jpput of adder 204 and also to
mul t | SesiEn) 2Bekewises wst2RPEOAEhas P & ew'SQme%mat@réﬁﬁn-@.dﬁw out put

si gnal,,from del block 202 is nultiplied by (1 - g2) in nultiplier 208,
and a%lt S %si'nggrsol'gnal frommultiplier 206 in adder 210 to provide the RS
signal at Im@&IGutiytelaheatidesrrédpbnding to those in the right half of FIG. 7,

15 namely the attenuators 254-260 and the ¢-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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VWhile th nce of this phase shifter is not quite idegl ) that
of 15 |§g8§%g ogacounterpart in FIG 5a, it is sufficiently S|%§4§% 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 enhancenents that are described by equations in the preceding section
to the description of FIG 4, for further 20 clarification of the operation

f this d t t.he.variation of
goef f : il eﬁ?gﬂ Eﬁlg%ﬁ%ﬁaﬁog%ﬁeﬁgsﬁ%ﬁé%g%@ et ve B'égﬁﬁhte? ‘%}Er%%ein .a(’s)sgs

r angesthroaghGetBenvatr@68 aﬁactaxasmmmwsmbﬁlﬂhemgh ctiveatteBQALIFE2TAW
as derived in equatlons 27) and The variation of RR (RFR) and RL

( RFL) h&wngrﬁﬂtanuaﬁoncno aent cm@ ormerlzsspahtsof mghlal t:omi}mqulzfdzeu;‘t L'Ilz'ge
curve a res show t he correspondjng val u of LFL an

for tﬁ@ﬁé 208%?“%&% éﬁﬁ etﬁelspﬂfte\/?%@@me%ﬁ ﬂg@eﬁlgp@i labeled B Bmt136, 650

fogy CQIRALLPAG of‘FLGh‘?Se curves, which approach the value 0.5 under strong

center steering, e nusic conponent is 3dB too | ow, hence the new decoder
curves A an’ﬂhezsigné]ﬂpatlsﬁﬁethdmtBesrgerriDa"cﬁﬂ t€kinihall 52 FTHIM17 pakséd |

8/ 18390 B which t at
o ot BB AR Ae, 266 Bith atimatomeoagrenti,Lh asonphich if mpf‘ed 6b
CR
nder (pPued S0 Suriners 278 aia 28Y FPRPT. Rkl B IR0 PGS | P on 5
[ 0 as
L ool o) gy wuginti St 2y,
Iévgosi %gphggﬁggeﬁﬁfe{p ?W@?’ééégn?}}% 1€Hé Lﬁ 8 apﬂétedcﬁ'm%h@ﬁ?ﬁ?lelsﬁfus
er
bat ent 25 £hd HCoteh GRBRE ol ad Billr ROERRafbn Corifent Sin Bt thd
Mai Nt a6 nedn GOBFSAMhe BS 52@al 5 ¥R HARRY NMRbubAEaSEatRY m?m%{v%d 3dB.

10 Turning to FIG 6¢c, Curves J and K represeht the values of the
coef f i attenugton I¥2 amihlﬂiﬁémm@m tcoefficyerats O [ o the isantinep @82. f FanalOg Bheno

r center
steerl ﬂg scignaf passes through attenuator 262 of coefficient 0.38 and the RS signal

15  passes through attenuator 264 of coefficient —0.38, both attenuated signals being
summed in summer 284, before the result is 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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_ Steerin to 33dB, representing full. left steering. The LSL curve J
reducesWOPI4eI8. as it is renoving left signal from thePCEUS¥IBIGINI
channel, while the LSR signal increases so that the level of the nusic
remains constant in the room It is clear 15 fromthe curves that .there is
a break point at 8dB, corresponding to a steering angle of 22.5 to the
rear. Here the matrix elenments nust total (in r.ms. fashion) to 1 when
the input has only a directional signal. This is achieved if they have

val usalué of dyr Ahis engle affecting singutielsments 268 and 2§8n be seen fromthe

curves. | hi. t,4 NQt hat . .Ur ;can ero dB eithet_when the signal
is 20 stegj;‘%%n?‘glctsy%aﬂ’%}gﬂk%%rtlﬁﬁlgvﬁr’sq‘ﬁg%ﬁ g&%ﬁl%ﬁﬁgﬁent of the

si gnabnstrhctich®r theC@sddet b€ FI@.r10x Thbsx eferiéhtisthalt Wre dogdfarabidin
separation that is desired. In FIG 6d, the curve L represents the RBOOST

val udungiion aredhgpefose pumbeyedreorrespendinglyi nl'keneaareoseyerabpewnd (79), and

he Ar el Bt Yl et BlerhBnbss Va3 RIS ot AR08 00208 bl d °°
Onl y doftibrd] sig@dlsiditbrater clemidrets 29K 2952t ThE thfut BRU RS dernhitealy dave of
RBOOST depends only on c¢/s, _.as cls _varies from-8dB to -33dB (full rear)

i . e. heen numberedin cperegpapdence withsFIGi ¥h ¢/s in dB. Al so shown in FIG 6d

i's the cur ' ' R t ven- channel
ver si on of’ﬂ?%gb gﬁé%%%# aﬂ{ %ﬁggé/g%&e%?%&éﬁglter aecrftgi E%@-Erlféocr@nbtoﬁg tf‘gft si de
coef fhalhred batwedrabtronily stdezeddtatt signalkeandhiudieaind thpasdaétion 48- This
Sheet Has Been Repl aced SUBSTi TUTE I_ll,l I)_I{J Il SHEET [11111111 (RULE 26)

191 | 15eparafRondnrespensscho skonitaneors lefhsidecand righy sdew@alsefWherar (- 8dB)
to f L aar4ba | : - (els, tRi /e goes
f romusl’zt g?%él? oStggéﬁdggng%%cggel h'iqlnea%a?ig% Ilﬁié)erll‘ ’ %)ga?gﬁtg%%??egel inéri:lgl P?fﬁj}&n’h}él G 6e
i s shoogictchmpatible thipatof decoder, ¢ zeinh $hisheaseameathainmebts &ritdréorc &, r ect i on

fact oL thér this critanion' B applics 5005t of 5B &l thetront ABRneR This boostSa"

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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and si ded‘ﬁ bissgg channel s to keep the level of nusic const JSORAS300
descri bed above subsequent to equation (39) Turning to FI , there is
shown an active encoder suitahle for use in novie soundtrack encodi ng
general ly, and particularly with reference to the - 10 decoder enbodi ments
presented above. In FIG 7, the sane five signals LS, L, C R and RS are
applied to the correspondingly nunbered termnals 62, 50, 52, 54, 64

<ot bot U 2SRRI haT R oB OIS D bR, Sl

si gnal s pr op@Whenolalis positive (segting 6o ehe 16), the Wik idf GESs ebdaséd fivim

these signals. These el enents are nunbered 212-230. The | ogarithmc
si gnal sl a¢@rdus¢>é@ﬂ:heé=luyve sbewagin BlG. 12a, while theawaluesef GRoremasimmat Ag t o

the in es vel,s ane then red in a
conpar SUBRLEG, e F i B ve, B Pl R S bRl et Efing WARE AT or
2545 ancu@é (i 'frélmﬂin%td hEr I_)Snlsilg rthe Vilub AEQL Ss @6n9ba5ﬁ ANt Q_.lﬁﬁwxs?ep when
respectlvel Y, and attenuators 258 and 260 attenuate the RS s

|
f act or $hefiropt/sean sieeyimp clsds positive (steermscte the fuomt),ithe gaiptécsv@m with

passes | f t wor k. block Ia eled 32
234, pl’c(j)%ll dt ng pggggchg h&ﬁt%gf Iﬂt | oiriésA |btutn(g&0re§)6aml'se%|‘%%8ﬂ‘% or SeRet 18

at t enuaightif. sTheaturvedm BIG eI2R 19 the 20¢r88df286 RRvE a$ @h@wxyﬁi FIGPleacks
236, 238, an 240 prow di ng the phase shift function 0 to each of L, C and

R signals r heel/yy angd &5 gigna §@ﬁ9|§$@ﬁrm wikhin@ Bedbagkdeop, lecagrs t o
de, 4

L *?%‘fﬁ% ?*é% Afesreid il dloltiBtoIgde DAL SRt oR Mp Il B 6080 082

shl ft fihecfronbsighdle miueﬂam mh\bhlewodst talpphBS tohehiene in fthe filah [deBddror S

258 Thi s Sheet een laced -44 1 LI~ITI1 I I~ LIl | SUBSTI TUTE
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maintain the balance 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
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. A signal conbining matrix 250 sunms the LS(g5) signal attenuat e& t he
attenu¥8P3BA® with gain sin OLS, the. LS(O-90) signal PGP 3?%d by the
attenuator 256, with gain cos O.S, the L(q) signal, the C(O signal wth
gain 0.707, 5 and the surround signal S = (0.38LS—0.38RS) w th phase,O,
which is labeled S(t), to produce the left output signal A at term nal 44.
Asimlar matrix 252 sum; the RS(t) signal with gain sin 01{s, the RS( 90)
signal with gain cos. G the R( gnal , the O .si naI with gain
0. 70% n‘éﬁélmc%c%’( %]l?)méli Aveeny ﬁlepﬁ’g and Hﬁfﬁtﬁcé%élm S BP@!lefieftOrﬁhfﬁal 46.
10 TBRegderering angles OLS and e R8 are made dependent upon the |og
arrplltu e S|gnals lsl, 11, cl, rl and rsl in the followng manner in this
enbodi nenThegfresbace of/ emtr'etation/‘bm bealetbmhined frangéhe sbeurimnyolthgede

r emai,ni.n approaches 90, otherw.se, COLS ap hes O.
Theséevagﬁiigw?@%@eﬁﬁﬁ right side s dorbhe FReodes; whing 3 93 ol sl s
lsar g t RS
oy SEltha8 ReARiatiin bRl $9% SHHARELS thik i SRERGRCASE, PHICIOUAGL Phofucls ™
whenthe sogtral signalspgrs addtas/ssheThSlsrs Mem;gjml(bangasmﬂlsmuﬂewedodnt he

i cHo® eﬁ%?éaeﬁml%pﬁig%‘éﬁﬁ%gﬁ% w3 s I o ngral e valhee oo

f1
B co iR B GAET MR TPkl % r Ll L0 St MO LP AREPRR i i

the eRthitéy ddterthirts the frohtibhtlicempyneatd ofl th@kidaesighals. NBogh theé lgireont r ol
si gnal Is/rs (in addition to the signals hr and c/s generated by the

Hhcoand gsfesrsignaly confrplctha gainsE§ efrttonnytonelomens @ cﬂ‘he d%/ns s;gna@e shift
net . 4 in order
to e ec?grftgélggtél%eértg?ﬁ g a&lggﬁsp egﬁgge qu%r%(fgﬁ?gi{ ]tt%’ %weﬁste wll be
seenrsﬁlmtcohlﬁﬁolé\thacbt&ﬁngmme azrselm@wmnatdr@czmmherzmal s 300 and 302

respectively, instead of rmnals 92 and 94 o An al | - pass -45-

Thi s Sheetlhga¥algecef @SS a GteTRUec by £aking the Vmgpr 0§Masﬂb$@kpéeSHEET
(RUL Iéa?@s Xps&% ILROR g)ﬁg 9@8,911&%%9 this value to 7dB, dividing by 7, then

15  subtracting the result from 1. Thus any signal with correlation of 7dB or more

will result in GS = 1 so that the encoder works as before, but 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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-phase sh EPEE york 304 having the phase function q(f) of A$88 Ea506 -
secong'é? ass phase shift network 306 havi ng the phase ?uncgyl on

re(f) 90 receive the A signal fromtermnal 300. The phase shifted signal
from304 is attenuated by a:factor -0.42 in attenuator 308 and the {aggi ng
quadr ature phase shifted 5 signal from 306 is attenuated by the factor
0..91 in attenuator 310. The outputs of attenuators 308 and 310 are summred

i 02 d th g
bhase SRt e Arp Rl s it epSs S Pat BeERRE Prps YilRe Mad) TIRRSS
shi f t eghdfrod 166 dbhiPis Fethided sy tRistdmblifit A4t sigrel p%@smﬁmefﬁ % 16t4. 10

The output of summer 312 is passed through attenuator 316 wt
at t enusidiep antaidreoright zfmnfaﬁanabls)mnﬂaﬂnrtreducad iagmmi@anmﬁmm righitgo

dded t d B.,f er . 314. Sim

ot put Figbt et Eit B8 SRR sk inlB B St e PV RS oS sare
fagt or nibtifh and Si%ﬁépﬂldvﬁ)ng mm&mii%@w/e& éﬁhtair side,afiPthdi0 t6 fRe @ghBUt Of
sumer 312, the phase-shifted A 15 si particul ar choi ces of

coef f | bpwever, it iamosragaesge aa@)@alﬁmne %t;atsltamalqea onueh @udible differemce withhal s

applie | assive.encoder odu 0 out put
a!to IOt hegs%c%r%l??%g? ]'%) ge%% cffﬁé |"F§8 w{agleﬁﬁ%n %g]%:lﬂm?r hlﬁ?g‘ ﬁel‘%r oduce
no out paktrdd ewmeﬁusmmrleﬁ&% leﬂ'ﬂﬁﬁd@tﬁt%ﬁn%hg%hbﬁzﬂ ih PeSkarplrafiire t  that

wi |l recognize as input of the decoder the case when the signal is only

bei ng Pesnashivieby Stmiler quaves apply &p the gightsside steening. encoder It does

ti by a c t rthe rof .hﬂervo
Si gnal S goe?ﬁfoghtzagtrasﬁwc_lt &e@ﬁ“ conagt{ﬁ%ﬁ%’g% ?;BQ?S e e6th g U aPe SR c}"10?18
i s passhat inmdyobé ea\;gﬂ1e@ledhg¢¢allbmtotthe:l.!rtarﬁlZéVsaﬁﬁbdtﬁﬁlal aenatidl istgnd36, T | e
the ou put of umrer 322 is passed thro cggh | evel detector 25 328 and

| ogar i yantage SHIPWH@%E@?)ﬁP%e ﬁnﬂd@eaﬁa%luif peepkthostepring3o are

I
Fat ?ﬁdﬁ‘%ﬁ. £ banpom 1R, WLEH RGP BBl Qb SRABRPHIS 9P Blnd O ciEndis, O
R— C tiaee rmdmnﬂapencﬂmﬁmmuibllnwsa s:bmpléﬁ&@nem patigahoorn IB3FEIGMEI: hIhiehwe

d th t h in FIG, 4, may
T A e ottt o e i AU o6 fokepa cbmamasally; but 11111

when a time constant is 1ncluded, the value of the rising signal can increase

fh

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
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swi t ch WOA9A%86 passed to terminal 340 as the steering si BGEEHUSIRIBY Thus
the signal is/rs will either be a nmaxi mum positive value when a signal is
applied to the LS input of the passive encoder, or a maxi num negative val ue
when a signal is applied to the RS input. 5 The purpose of the signal Is/rs
-is to control the input phases applied to the decoder of FIG 4. For this
reason, the network of FIG 9 is interposed between the A and B signals

app! icentrod signats maks 92 and 94 of FIG 4. The circuit shown in FIG 9
i ncl udes h hifter 342.0f phase function 95, which may t he sane
shifter aghg'o?aﬁj 1(&00%?/%%” owed by an attenuator 344 10 h‘a@%r)lg t he

attenuat i gy wpQE 15?@(3{55 i & dihg)dvage- gt tper 346, which may, lpgoy he sane
shifter as 306 in F 8, of phase function 0_90, is passed through
at t enuat orThese nelationships paeiniatted agsinsti eachh@thenip I ¥348. at t enuat ors 344

d 348 ar 0,4t 0 oV} L4 [ .at term nal

2, uni o 1G TE Ry P PR e ORREF b e Rttt G0 (ORED A2 1P 1
| owerelg@eht ebefficiantousddih the ntelx 6SFHREPY] & imnplémenidthin 802 detoder FI G
8, and in_one branch passes through phase shifter 354 of phase function O
and @ccerdingde theepmer patantapplnationcNer 08684,948. Theyalpe of dhishe ot her

branch it . | foph - ' -90. and
ot t orositisioBEh” Boetd f MR Geriibnid Yoruiah Xt RSERE W She Sathalds 10 ¢
356 aﬂitl h31€:I*e@padftgettoiIhes:é)at‘r‘an64 nddd cﬁnu_sihlsims,aghﬁﬁﬁail@dpﬁwﬂ deora t!hi@dhsﬁiaidogv I
signal at termnina ic s, to he directly connected to the, termna
80 rramoaief&.ctorﬁénrfi@mc\gﬂﬁr Pﬁ@llg}néﬂgiﬁe 6¢ signalarepresents thg yasionek: ¢ er
separ gt ! It&@& . 3 f : " the LR -
and Fﬁ%ﬁ?%&? tstw?ﬁ%gﬂ%?lc anne%@%l g’:ﬁ egna%ﬂﬁgle ?’ﬁ%ﬁﬁgréﬁ%ﬁﬁn%?s of

t he pati vElefhtodightaignbleamplidudeosnBachhfishgsakignals isTkecodedass anshi p
bet ween the control signal jis/rs and,the steerin ngl. | . 1S,shown in
Che | WAEle TPERRE BromRelo G0 IALIGEPET As-ianohs ot Th BodigrLabion, LBETTS (o
changg gidcatidditys i thé MBIt BRisalieeab nkalk WRS 166t Jeitd:S foMRieX 8Gdrhill

15  “cliff” as the signal moves towards the rear. There is also a central “valley” 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 ¢s
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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.conpl ene I ationship applies to the other steering a ich
is -47- I}hlas"%/&]sgét Has Been Replaced ii1in1111111111 111 11%?1%%9}?/“UTE
SHEET (RULE 26) WD 99/ 12386 PCT/ US98/ 18390 controlled by the inverse of

is/rs, which we call rs/ls, so that when rs/ls exceeds 3dB, the val ue-.of

O,, begins to increase fromO0, noving towards an asynptote at -65 when
rs/ls is at its maximumvalue. As 015 and QO ,ti vary, the matrix

coefficgients effectively becone conplex dye to the phase, changes at the
nput s EOEY PrEseRied 1 the TIEVIGhs RRIEDH aPRlicatian progiuges She paitix glement
i |1 ust ghbesm BNFIGE et@at i ve enbodi ment of an encoder that differs fromthat

of FIG_7 by sinplifying the phase shift networks. The nunber of phase
shi ft HdGndibshewds the legm@@émgiyt @izt lemearticas Baghailgdwlve bedor e sendi ng

them . 4 shifter,. t resulting ip only.two Q and two

0- 90 p%gl? Zé&%gng%?% ? )t%lgpl\?\% gﬂgr ofmgrsd%% g’ufbtaf"%%db?g tﬁ? pgﬁﬁno&stgatiegt al so

si rpl i Gipplicatioly eppvitiehb® diSContirdity Ny Béerl $e19698d ' Witheth3eRreaind
otherwise is zero (just as in the decoder design). Likew se, Olcs

appr oadREFPolatigR andsimplementagioaa there asgmngdlscantinuitisseatwiteelri=9 zero. In
FIG 1Q..6hapents corresponding to those in the right half of FIG 7, 15
nanely the attenuators 254-260 and the -90° phase shifters 234 and 246 have

been cureipgmivigb theliPeoadd hataxJPIGE 278w Sieha LI fadetableftbnt as
di scussion of the dﬂ]fference bet ween this encoder and that of FIG 7, the

el enend@piemented 18 UspiPaignt e« 8626039 andvia BpHy Beeh.ogimiscaked. sa thadi | |
bem;eerthy}ﬁaqﬁﬁ ggﬂéjfc&ents shown in signal conbiner elenents 242, 250
of G P Rave 50

and 25 been extracted fromthe signal conbiners and

appl i ed\ssemaing that ¢soarddh avé thbatedsrthg\drdctiongnal degrdedtihahdat or el enents
262- 274, gn? t hat thes Sf&ﬁ-?al-lgs thus nodified are conbined in sinple
sunmi nFERESH PuTound. and leffiight axs respectivelraisethe APBP matentthe pggationsand

248 ha\fﬁr*ﬂﬁ@'?r(ﬁ?ooﬁﬁ%l_ Q¥nleils GRGTBL der s 286-288. In FIG 10, the

signal path for the signal fromlerninal 62 of FIG 7 25 passes as
bef or e Inhtheulgift fitomdrmeddnand) enent 256 and 0--90 phase shifter 234, then

pafgi n%‘ﬁﬂr__:ogg_h Oté]'e(}(%(s:f 'J,V(?lzﬂké&% rol |l ed attenuator 270(1%%\)/1|‘1r21‘ iatjoéggg([cis?n

..(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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. factor cos OLS, this being the coefficient formerly shown in si
conbi neWOR90236 FIG 7. This signal is summed in sumTerPQ'f@Sa%’%B
conponent of the signal output |abeled A at termnal 44 of FIG 7. This
Sheet Has Been Replaced -48 [111111111111111111111  SUBSTI TUTE SHEET, (RULE
26) WD 99/ 12386 PCT/ US98/ 18390 The signal path for the RS signal at
termnal 64 in FIG 7 simlarly passes through attenuator 258 and phase
shifter 246, then through active attenuator 274 having attenuatjon
coef firorbpgicdg shopm, sca?ﬁdn'év 7hae themizigun vedwe ppdrmasimym valugs 7, to
sumE[, 2%@ 5]\here It is one conponent of the signal |abeled B at 5 term nal
46 of F . The signal path for the center signal C fromterm nal 52 of
FIG Th 'ftﬁéspmnoﬁa’; mtenmappigd:atmnd eNoabd&/6823a 8 iHdse eeﬂémnnes wene c:m;:frbired ent
0.71, a it.is | e um*rers 278 a 282. i gnal from
et mbBAAGmE e Feguipbment EEBF Hae Lo of ynstees omaseiial Shenld g k¢ gnal from
term $ignal
8 21 Gty P%ﬁf*“ﬁ%%&é*@&ﬂ@ﬁ%@ﬁ%?f’“%‘s%?e‘%#%-t MAUERAGH afbiabss 15
Wi t h thistetheatoiod meae sfuareof tisd hFD snd .ERenatixrnebemed®. sihddRe ai gnal is

al so passed through at uat or 260 apnd active
Lt orfpRetantc Do PR antehent & RS anpltafite thse shistaplappuld hE relasd igha
passegd Jgfrrgg@giﬁn a8 %%ééiﬁn%ﬁz 0kt qge‘ghéﬁ Itﬁetsthﬁﬁoa@M heftREhs s@RALS 15

passes t attenuafor 264 of coefficient -0.38, both attenuated signals
bei ngthessyoamntsi of thannatﬁz&dlembatsnslmouldmseebyI3dB S Vﬁ@ panedetthat dheeabo2?s

gith 1210 I.tive gn an r.282 with egatlve sign. The output of summer
98 | gt $HiEAnEe summer 276, and the output of

summer 28214 FI@asl%eii éHHvﬁ&' QHe Q ﬁbﬁé ?ocﬂ:"'étf ﬂlﬁrs\ﬁﬁ%f t%@ aTHSGRLEI8@ndSuner s
276 and 280 respectivel prow gt e signals A and to termnals 44 and
t

46 of LERdrom UERaMatent Bie. éf8€t2h%0 scelnshse thatathe mamexurevadee ésoneof t he

sign C. R and ch of (he outp I ow t hat
© hoo oNatieR ey thrayelnl 3 bRraRb B P T o P, Pl ST, BuBBRr B b a0 L,
t hr eeThewnisteérddito Rfpeizes 8dB to the value one, and the unsteered to center or to

15 rear falls by 3dB to the value 0.5. The rear direction is identical to the center

direction, 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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25 phase ‘§§iﬁsﬁ‘%§ relative to FIG 7. In FIG 10 is also s%%fi%%)cal |y

the relati "D between the angle ORs and the value of rs s/rs)
for signals steered in the right side quadrant. This angle affects the
circuit elenments 272 and 274, as indicated by the arrows. -An exactly -.
simlar relationship exists between the steering angle O.,,3 and the -49
Thi s Sheet Has Been Repl aced SUBSTI TUTE SHEET RULE 26

1111111111191_1 1_1%1.1 11111 WO 99/12386 PCT/ US98/ 18390 val uei % | s/rs, this
angl e affec %%"c feuft el ements 268 and 270. Turning to Rl ﬁl, an

encoder is SHAMG. 201@d shewrethe Squliredfoot B tEERS BELhOLER dnldeL BT AffEixOf
FIG 10. Those el enents that are conparable in function are therefore

nunber eleTeentssrpan the provious dadent epphivatian, Moy G3/6B4,948t sscaled sbdbe gai n

AL i ab . . 290- 2 d 1ol .signal
Goner arBu B Pt 35, PO B ChE ML AR Galtle it 7 F 38 shitentt Hebt ek
nuber ekle iplagera10d the gentle vsé lio bhe tokardhthePleriposaerfl the added gain

control elenents is to correct both the balance between strongly steered
front si gnaldefecadesiversiwngl dfanada sever danges tocieseamnatriz eleraentmse to

simul t 1S e E oSk j I [ o ered
Si gnal Segitg thknae fuiford Wopobligios; A BuTiidie oo R aBhERIGh the
conpat chlaxid ypehoffrates; ater a cut evas addéd alems ehooe akhain BRerear’ THRY FedRok.
rather than Eriterion D, applies a hoost of 3dB in the front channels. This
boost K& afeﬁ; pestafias fp amproye dnemerformaece witlnskerep spvgiewhichl was smned
y C, anpl iveal by, i ). %4, NQg. tr f pack with
o ol bR TR oo 68, quk inl She b W o3 RHBHS Bt bRl ey
st r ongbgtweerrtbd frowhthaimelnasl tlse reanplemsnsle dvhyn tsberesQungicivse patfied
listen tg t he sound track through a decoder which applies this boost.
However® *PEFEahannel filns encoded through either a passive encoder or
the type of matinengne @ qlidganssed previously with reference 20 to FIGs.
7 and 10, will not be so conpensated. In the new encoder, the three front
signals L, &Hhd Rostose +pdddac(hrd*bagstl(dshr ee vari abl e att enuat of196390- 292

r ecti vel Vi ng .gal heoefficients G, GC and GR These cgoefficients
a(ralzaocont r ol ﬁé@ﬁb??ﬁlgg‘fs?)r{éog%tﬂ{‘fsal signals derived from -"(11%
For the right front quadrant, :

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
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the outputs of the encoder. To do this, the output signals A and B are fed
into MRIYB3$Gputs of a steering signal voltage gener atPST/USIANERP ch
conprises identical <circuitry to that of the decoder of FIG 4. The two
steering voltages U and c/s are thus derived, and will be identical to
those generated in an active decoder. These two steering voltages affect
the gain coefficients in the manner shown in FIGs. 12a and 12b. The si gnal
U and inverse r/1 control gains @ and GR respectivel 50_ This Sheet Has
Be egivRopha eexr (0)1in thye) goder below, fin which| comments arsppreceded boHEer %4 RULE 26) WO
99/ 12386 PCT/ US98/ 18390 of .el ements 290 and 292, while gain GC of el enent
291°Y8%86nt r ol | ed by c/s. When Ur is positive (steering is to the left),
t he val ug edlc@atesa beestcfthctionnof H3dR a0 2@ degredshe curve shown in FI G
12a, whil e the val ue of g rgmai ns at ‘1. Simlarly, . when U is negative,
the val u% 69rrER goesreR 38Byand S63YH WD ortlie) geafcun theR\dOWR A2 ation to |
r 1) whil e theoyal ' : t at 1. Li kewi se, when  the
Eyront/regérrggfeg'rziﬁhg%% gglsgapl)%%l @?336 Steered to the front), the gain GC
vari es w tdorr@d)s= a0C@*tc-rD/(28*20; Zugy apdBdBrioter 1R, range GC remai ns at---1
when the c/s gjgnal i negative. The curve in FIG 12a is the inverse of
the curve $9TEHh 'FWTa)G 6e. Since the U and c/s signals are generated
wi thin aj.fgedback |oop, because 10 changing a gain also affects the’
steering voltage, the correction applied to each of the front signals wll
exact |y fimtxls= 25d6hoBsgo hpgk idewnt fortdoerd bver tasfrialngedecoder. The result of

this is that dialqg,, music and strong |left or right sound effects maintain
1 o 3 .
G he bal anctTEP)heHhi gi nal discrete mx when the original five channels

are encodegyt-g(hwo g en decoded back to five or seven channels. There

r Isin 15 fact very little | oss of subjective quality when the two channel
ver si on jemdconpared to the five channel original. Mst of the time, there
IS no app.]g]rent di fferenceg a

o, PP A e I ETE Al T P80,
293 eldikhibin Hecddr Pddstsh Byl It NNoe® Bhidtothe/Bbdsauss thrOsi@eridipaiiooss ¢oward t 295.
15T he cggti:eq* i%oa?ggliiecdi thEh aGl%nagC'}.hSe ll;‘g%najzig;earicij %?(?rllg I;l;e(:) ln;fiss ltjxr)nzgrrlter boundary.
Note also the reduction in level as the steering moves to the rear. ~
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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284, whi ’3&8:92’1%3% di fference signal between the left side z;&g.{lﬁggm”ﬁi de'

i nput si ltiplied by 0.38) The purpose of this sid erence
signal is to provide the proper negative value of the c/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 |eft
si de and right side i nputs. when both are present at the sane tine. This

reducti on | ati particul arl in the case en the LS
nd RSk ehEPE Fietis eetingal Howeven et Fubtaod Ehosap iods gaantciigbis ¢

appl| aUffereake aﬂrtt@%toetet e erdibieL tf“vrtas fHd g&ad%tt%f tHESA8GE %@' BT dEfLs, we
woul d [Tke to disable the difference 3 srgn hi's can
acconplresiided by aretherease tlinéemilwrhem)fa SiBonp eigvarp afmaemeacr(ﬁﬂ; t]ilellmlﬁkmy Has

Been Repl ac SUBSTI TUTE S#OE&ﬁf’RU E 26 Illf]i %J_ai 111111171 |

99/ 12386 P BraRisgpis th 18 oile gere $B i ey Wpe iy
ri gt %to@'teze%gt!liﬂ thaAPR élethdrit éﬁb%lﬁi %%%eﬁo stog tfi§ ??Sﬁlh flrﬁeektg‘irbﬂ'b an
be determ ned fromthe steering voltages er| ve e an

ri ght gsistieg ampadditive tdren émdhelanatrics ehgmentsy ihstelhdSofio krmigmlge Wealdfore a

circuit 295 simlar,to neI rrent 294, which,t oduces . the
cent lrJ:)I negy aheaﬂ'réng index, al& I Hé“freé’/ ‘r’ssv%lﬂ’@e‘?’}%{}tﬁ‘ofoﬁ : ng£odgi 5o

derived on wWReaddtingd B8th Yﬁﬁﬁu% 00 fob& Ma\r?n%ﬁgqgﬁrfrﬁﬂ Yt aliPadf %As
control the values of O ,s and Opts. eature Is retaine
encoderasshnfing that csaandl {7 folkiw the moaklab codeertions ef vangnkr from haokd6:
co onents e signal,s. Both the is/rs 10 and cslss signals control
gain Gsc%fé%&ttgﬁg)é’tu&d% (g‘?‘rent 293. The is/rs signal also controls the
steerr ng angfecd k4)n attenuators 270 and 272, and its inverse, rs/ls,
controls the steerr ng an% trs in attenuators 272 and 274. The val ue of
GS is then detbs takr ng the larger of the absolute val ues of

signals Is/rs i,ng.this value tp 7dB, dividing by 7, then
15 subtracti ngﬁf”1 cg<§ésuolttﬂ1 Té%ﬂti%h?m sy ﬁ"[ﬁ with correlation of 7dB
or nore will regusde1,n GS = 1 so that the encoder wor ks as before, but when
uncorrel at ed ﬁnal s are applied to LS and RS, the value of GS will

di % ni sh accore® gly and the decoder will revert to the high separation
bet ween thesgghnputs.

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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. In the process of conparisons of encoded/ decoded signals versus unencoded
20 nul tWOHAASP sound, it becanme apparent that the out puRCTUEW/SEY | ef t
front or right front channels during side steering was not reduced enough.
- According to the Dolby Pro-Logic specification, which does not incl.ude
left and right side channels, the left front output of the decoder Teduces
in anplitude by only 2.5dB. This behavior of the front channels is
intentional, in order to follow the Dol by 25 specification, but in the

st andar d DoFHY48 e dlefineaa veetortinranesdegnee steps oHmamthesvaluesdddbte 45and
onlytﬁ séél?gle rear output. There is therefore a need to nodify the Dol by
speci BLAS on for the left and right front outputs during rear steering

when thergy ar@Zpi*gl86epemkessvert Ro trhdidAxdi fi ed specification, the left

front and right front outputs are_  -52- This sheet Has Been Replaced Il1I111]
1111111 17 mow defipg; thestipepom nosimtehies g webloys thpbgostitzddes for the

P%I’/ ?{%ﬁ/ 18390 reduced by an additional 3dB when there is rear steering on
the sane side. Thus the front left signal is reduced by this anpunt as a
si gnal pangnftbdms kigfig1);0 | eft side, ‘and the right front signal is
simlarly reducied as a_signal pans fromright to right side. Wth the side
speakers igesc | 00s(@fhls cl earl y inproves the apparent 5 notion of a signal

movi ng fr%tqudélrlgn; cB&a@?}.ﬁ%&ﬁfxg&H , and then to the rear; however, it is

not so large a parture t makes much audible difference with a

st andar d Rws- thigpmsencosidbl fplusacod ttbl;varthi¢ iothe ongaeueor the LL and LR
trix elenents for left to left side steering is shown in FIGs 12b and 12c

E@spectivé}oﬁz—t AR %m)-ém?+1' the right side steering. 10 Anot her

aspect of gheiie er AR 9 RtsfyS a special limting correction that

may be app%l?é(}qd?g%t a|sf‘§mt2 t&ﬁg f/r )hnd c/s directional control signals.

This has sihetkddphrst agen dbl ipips-sin thl;t fedhipeethande reeusecur acy of the

st eering. Qsi}[}),ut_ ilgggﬁagan Aj rc?ﬁ'.}chtrt(a}-f);'cent er | of a strongly st e_e'r ed signal,

the hr an & sin

sin_tbl_plus and cos_tbl_plus are the difference between a plain sinée and
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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are not j@@@ﬁ%gnt, but follow a conplenentary path, showlrjbed.l?%ﬁsﬁss 3. If

the 15 | ogarit c detectors act rapidly, this curve wll | owe

dynam cally, but when a tine .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
shoul d be, reducing the dynam c. separation. To correct this problem the
signal ;g hat _i.§ .C | Ldl yi s 20 used to. limt, .the other si I
o’ f ot P laned SISLALRAATRS R 385F) Y i eitmaes el oo thsterSion dPffie
ci rcui Hecddyr - thé bAgs above ol neshiltAetieXsutFitomStitiifriond 1EARIANE) HHES .
these circuits _were not based on the rate of change of the control signals

but raghent +HdB whenor signhalds nanned fmthe kaft zearmpositiongeThis lavel differaice

h . | t ' ' | | nahled tq rise.rapi
o 1o in SRRt for' 8 BASoHRHEE R e M BlR ST AT e B0 B8k PpiRLEe.
preévi ous di /Hdkipeifornsaic €adbtdmpriodkd byoaltbEnFhe LEDI shd LHETR REAEx
signal . Renenbering the definitions of these signals, it is quite easy to

wor k oglements yuthe left Irap quadrape n Naticecherer we areeacernadwith lowothe

occur - ' L 11 | ' reacghed ,in_th resence of
decorr Z’?aé?'é’g%ir(réulg?@%.s g%ltpl %‘1°\?g]%%2%‘1é¢“§9%%ﬁ$‘?eﬁlo%??§w 6 cent®r, L = cos t
and R mathenhatitdiemethed givedr infithe AFS gfapoa $“Metti ciiemh ACRE tAWBSIrbdhig SHEET

(RULE 26) 11113113 11111L [(11 11 LI1] WD 99/12386_PCT/ US98/ 18390 ' -a
cont r olPaspgars foraf worktared bistenersy b Dayid Grdesinggr, AESgmeprintsNe. 44082,

I 0 , ¢ o). ; ,
o5 1 o Ao cpi o 8504 1o (0 thd behya o nci5eply fERILC: T
form oibo?hdagyf ZLetem _ahalime(thﬁh);h_afwmir)lﬁtu@é ef(;fﬁmé léfbffdr%jt_ccblﬁﬂmt tlﬂrﬁﬁht R ldn the
t Fl 4, as e in the decoder _according to the prior
pat et SRBERASEAFH e TR TR (0 68 ¢ YHEo A8 (bHelra - 22cb Hegesasmieharoar).
plott e@‘Hé‘rﬁéﬁh@&‘g%é‘éeﬂﬁé' onaisf Q{e'ﬂfént%s the height of the ordinates wth

respect to the cs and I'r control signals, which are derived fromthe usual
| og LFL = cos()*F(z) —/+ sin(#)*(sqrt(1-F(£)*2)) ...(128)
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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10 ratio detectors in the decoder of FIG 4. The cs signal represents the
ratio oWO9@?8er front to rear surround signal -anplitudeRCHHEI§O ; s gnal
represents the ratio of left to right signal anplitudes. Each of these
signals is encoded as an angle ranging fromzero to 90 degrees. As_can be
seen in the illustration, there is a discontinuity in the value of this

el enent near the left vertex, formng a small 15 "cliff" as the signa
noves towards the rear. There is also a central "valley"” in this

r epr esent d1@n23 shawsthedhehavier of LEbvand A&R slonrg the rear beyndawar 1 ght

tri I t ' [ PUL ) = '
t owar v ERE TR gnd Pl deRE IS MIACEHAESAIIG B U BB S0 bt 75,
descr2hsdidgiteédle previous patent application. The problemis that there is

a correction applied to .20 the matrix elenment in the left rear quadrant
whi ch was Weneead, agmethndof srpegilyithansigroang the aboge egupbigns ingptheied. |t

t grns -t i I rari: el ng

oS cxfpidnl Aok BT BLaRck anfbbdh MPRbRERLT AREMD, o o
t he ciatersdlationaoaid) behesedr =Ih tlosipoevegsdarstypicallylubed i thesey detalettss,t hi s
correci’i on is through an interpolation, as was. d&q?énin t he theqr _i{}{the 25
pr evi BRETQRPUEIDISS FIGLANARSKER, & ReldPepatedt Bnlp dofine A new yary %r—a § ce
the Jlniternfl g 1FO9ng§328: be perforned through two additional |ookup tables at
littl'e conputational cost. The equations for this interpolation will be
shown | at efs newhefihRBhadtoninndael grarameter correctly interpol ated along the Ir
alﬁi s. However as can be seen in FIG 15, there is a discontinuity along
dfe cs axi P THSs 30 di scontinuity was due to a programmng error in the
decoder verigi(ngf)ll. The -54- This Sheet Has Been Replaced III1111
FEErrrer rrrrrl 1l SUBSTI TUTE SHEET (RULE 26) WO 99/12386 PCTI US98/ 18390
t heory presenbee ¥;n the previous patent application produces the matrix

el enent sho in FIG 16. FIG 16 shows the left rear right matri x el enent
as it shoul®%have been

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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i mpl ement fadshe decoder of version 1.11 according to thedangsosAaksePat ent
5 appli ca‘telgogrb] I n which the discontinuity has been renoved. Wth the

correct int erpol ation and inplenentation, there are no discontinuities at
the Ir=0 boundary. Turning now to the TV sound matrix, FIG 17 shows t-he
LFL matrix elenent as inplenented in U S. Patent No. 4,862,502, and in

Dol by Pro-Logic, scaled so that 10 the maxi numvalue is 1 Assum ng t hat

cs and Ir ar e@f‘h_ecég(ggy(wgf f't%;)?ns in degrees in the @tg / surround
Y,

and Ieft/rlg axl s respec n the 1989 patent the éq ons for the
front rYB.tI‘I)LER&EYBIﬁ(BS)/@bﬁcg)-I-\SﬁIi(caB In the left front quadfi®sy, 15 LFL =1

- * = -0.5* 101 In th ht
f rgntS 55333 eﬁ’ﬁé) %‘ééﬁ%)ﬂledeg&%pyﬁ Ie t meﬁf@&ﬁﬁlﬁ% a(S-‘oe%ed;(fg@ql th erll( 93) i 20
i)n 5£ he Ijeg%t N@%rt u&@?@%%ﬁrécﬁonh?l%ng t@lesl ?efﬁfgoiﬂﬁ& :(L;f‘b{% %.;sé%]t?égfr!‘m

5 106¢ft AftpuERoEDtd2&¥o when. steéﬁﬁ@)go’ébdrcﬁmnl@tﬂ tnleE ¥dart. ST@@ din
U S. Patent, No. 4,862,502, and specified fl@ Pat ent No. 415. It
vari es TERAIPS %680 Aic-hessteering progressestot M@%egﬁ@@@ver nalopgé: r@vpoﬁﬁs

Paro. CRr i 00 Ly edrratiitel e BB is JRense b “i%bO?ﬁZ%%&ma“d'

el enent f r onff 16> 25 Bhbwstthﬁolefﬂﬁ&ﬁz TEEIY nmﬂn&oélbmentSH’JoﬂéhtlSe EhgetpdddsirBeen

111 1111 SUBSTI TUTE SHEET (RULE 26) WO
gglpllgge é@#,l%%llll ary. T 1s worJ{s in con;%nctlon with the LFL matr%x element

10  to reduce the front output to zero along this boundary as steering goes from left
rear to full rear. 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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_ Pro-Lagic is shown, scaled by 0.71 so the m ni nrum val ue and maxi num val ues
are t0.WOPA2i¥e previous patent application No. 08/684, BEEUSHHE% | enent s

were inproved by adding the requirenent that the | oudness of unsteered

mat eri al shoul d be 5 constant regardless of the direction of the steering.

Mat hematically this nmeans that the root nmean square of the LFL and LFR

matrix el ements should be a constant. It was pointed out in the

application that this goal should be relaxed in the direction of the

st eeripridhe othezrquadrapke the FassywERip V§TY €ldsgl o ans, ias was the desten intentquar es

f 10
o PRI EVATREAR DGt o . 6B ol 35 aRE a4 10 bAoA,
squarge pmdhcefthbr&emuﬁts)is ahexpporingstion, bidl tlenthattRs fpretfylgo‘éd Pat ent No.
4,862, 502, aI ed.so that the maxi n}tjm value s one. Notice that_the val ue

is constarﬁ‘I 1 2'0 showg) thesquage Fopt of thersups elcthesuparesi gL anbLERst eer ed
tg | 15
8 TrEpdBE S SotpCed Bie Fo el Vel AR BHIBH " PTAChuBlodrBa Y
cent e(hﬁrc]idlé)emt right altig has t’h@tvlahaes bhy, ﬂmeaarf)wf ggﬁtekhﬂasoﬂiépahiedaﬂlg thé hi s
view. The ous, pat icati No. co ct t

anpl ifegdee F“Sﬁbg é‘g p ‘ﬁgh féh:t"%tr‘?xg} the,va {‘rﬂ“ﬁrl]ﬁo {E}éﬁ i ons
with ﬁéﬂ@glﬁigdth§ﬁﬁaa§go gé}ltgpraxggw I eft front quadrant LFL = cos(cs) +

0.41*GIr) .(108) LFR = -si étcs) (109) For the right front quadrant
LFL = cos(Thg next(conegrn addresped in dhamreyent invention isgorrersingthe valyes

Yot ey m8986 el O hbhy sedebh?) | LFR = sinCes) oo (113)  For

rear quadran cs) (114) -56- This Sheet Has Been
Repl aced 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-.7T1*G(r)+.41*.71*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 switches 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 dependént
30 on csin the rear. This difference is in fact quite important. The equations above

I
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LETillnl 1 SUBSTI TUTE SHEET (RULE 26) WO 99/12386 390
LFR = si| 93%}2]3.&&(115) In FIG 20 is shown the square roo?.eyf‘%gﬁ/zéséﬁm of
the LFL and LFR matrix elenments fromthe previous patent application, No.
08/ 684,948, scal.ed so the maxinmnumvalue is 1. Note the constant val ue-.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

th tri | enent s.., Keepi t Qe _basic functional de dence n

Lo s el SOERSR she Had thflsf HReotits Bk BBy Rsefl, TR Gkt 2lthe v
added ﬁi&tﬁ&h' élbﬁ%eﬁﬁ;sasxith a ﬁelblnﬁrtelyzafbitifm éﬁﬁ@ Irh Qﬂiogtf@sggqll‘ag él@ﬁ]f eh@sa H
i nprove the performance with stereo nusic i ch was panne orwar d. e
pmf) pos@&r Q)Pr?ﬂ?éltégtasi 12 tﬁﬁz' hragla? mazingym velueefel dhe Ineinctatordechaiciden the

ear. EAPORR heTRasRIbRE MR PraliEn Y SRR SyShey B AR ( 05)

.. B(11¢aluelsf ok In(additipns When-thededqdes)is finglyi pit Fousehthe igght of each

d t FL 3 t *b t,l ... (118 LFR =. (:si *pboost| (cs)
o 1 Toyoouacto P REphbar ST ASAY sospisating phver 1426 ot A BRS
0. 4ﬁ* qihférﬁh@qgﬁﬁiﬁsﬁ)vslz_lﬁn (als(?i@hal(t )ﬁ?méﬁﬁ%’é /dlé@ﬁézx(z ?mi%gasmh For the
t rear_ quadrant, = (cos(ts opst(cs) ... = k
E Isign_( c§¥?94ﬁ%b P@;y;le fouy majpr ﬂ%#ﬁ@mm&ft,own@&)nﬁh% and reasd I prpetice
Previ obsisnAbaRk tAARLhEAIAA levhl b theWistrid Blciddts Tokichfl 7t fodd 1S the
I denti ca unction used 1 n the Do Jl o . .
10  outputs of the decoder are equal under conditions of full steering.

The lack of a level boost in the rear direction in the'Dolby 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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matri x. The function boostl(cs) as used in the decoder version 1.11 was a
|i near WO9942386f 3dB total applied over the first 22.5 dRGFHEMEENst eering,
decreasing back 30 to 0dB in the next 22.5 degrees. (See cord in the
pseudocode bel ow.) Boost(cs) is -57- This Sheet Has Been.Replaced. I__
Frererr 1 e il SUBSTI TUTE SHEET (RULE 26) WO 99/ 12386 - - - '

PCTI US98/ 18390 given by corr(x) in the code below, in which coomments are
preceded by the %-- - synbol: %cal cul ate a boost function of +3dB at 22.5
degr dely®teened(x pithezdo Lti;eddﬁ emright aidesup or comyplétely godbe wpar.hhusown

agai = dacef: O . I f to 24 correx) =

107 ( %h@? fﬁ@&y?&pﬁ@pﬁ?ﬁé& 3%%%’8&6(;@’5% F‘%Fg upéﬁlgggf 8’%‘!’%‘1 w Y%orr (x); -
end udrmsteered. 25: 46; % go back down for corrl over this range 10 corr(x) =
1.41; corrl(x) = corr(48-x); .end These,equations produce the, surface
shown 11 st gn Fiance(of Hhis jssue, SRR tﬁ’@m_@w PR VDAY 1 Note
that AR tHSdédfled WARIChOnERS Bf LRV Ebnlpo&itisCan ndRPelatét Rath al ong
the Ir=0O"axis, and along the left to center boundary. Note also the

r eduanidright compsnens, and-a sapsgaie gndovacorrelatacheentezcompomensdost al ong t he
boundary cf.eat a h.0g error. Also the cut in -the rear dj tion is
not opti ma‘ﬁ?l 7?‘?&5%@ Wwo areas where the performncecan beu% | mproved.
The first B &£Rinhe B or of the steering al ong the boundaflss 20

bet ween | and. cent.er, and petween right and center. As a strong.sjingle
o el paiberr i R0 Bisr S0 plSil SBobEs, the RouRaAl eI Hhe Foen Wil kL ¢ he
Fg:‘ Ugpr@poktienal td-Ein MR4Rin /S 2R 2L NH ARt Q@ripsRertiiiaveatJugidy bet vween
e

t- and center. -- . _ i
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

R
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Thi's incr L .val ue i s an uni ntended consequence of the l;;Lell &R0
increase“?ﬁ%?/e}?/e for the left and right main outputs as a cerﬁjer ‘signal -is

added to stereo - - 25 iusic. 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 conpensate for the renoval by
the matrix of the correl ated conponent fromthese -- - outputs. However the

nmet hod _used to,,inc level. _under these conditions-should 30 only occur
when t fAt® morfo%héﬁ%s@fo ]t%ﬂ’equn%gtsggqréngﬁ‘n'i mal ---r that is when there is
-58- This SM4giseHar Bgafedeindwrapthdthidd ikldddihdddsldde oftbh aware of —

SUBSTI TUTE SHEET (RULE 26) -_. WD 99/12386 PCJ/ US98/ 18390 no net left or
right Seslytdat prEsdreparedfonpaybaskon agcvlhﬁ&wéﬁ?gncrﬁy@emm &nj n

the deglggarme{e ¥&hRIrABudndds o iﬂﬁgg%gég%@h@]g&ﬁ@%% do, and

resul t I'n an increase in |leve a_Strong panned across the
bodndaGonvEnselyr abhistrpreparest for esetrrmowill leseondoal rebadty wilemnplayled dver=0

i s. | 1. | TRL I | t shoul d pot wbe boosted. Thi
oroni ebrparedie Bepdeh RSt JhidE hof sre ot Amatyrs Rl SARo B b nent s,
I nst eadeebdér, Mdhichpls)ideMéicdbto tife anstsutedtcdaditieh iof €8 prehivuld Y

limted cs value wwth the follow ng caode: W assune both |r and cs > 0 for
a signal in ﬂrﬁbpr%iretntfmaﬁmlaa pa ppcluges ghe gxeafion of twa Indepandent rea | ow

1 ((cs PR MR Aol Y 19 0T Gothis [inits the maxi mum val ve
bck) = 1; 15 Bmimaibs@roblesn witly both the-1989 patentixdemen}s bod thelDolby
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
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.20 end end |f cs < 22.5 and Ir =0, (in Matlab convention cs < 24 and Ir =
1) bcs WO WYAM6 to cs. However as It increases bcs wil | PEEUSEME3% o zero.
If cs > 22.5, as Ir increases bcs also decreases. 25 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 call
this difference cos_tbl _plus and sin tbl_plus. (This code is witten in a
nodi fi ed Matlab, where variables are nultival ued vectors. Comments are

pr ecdwest pf (sinfesireoptasd) to, maky; thesn gloserke corstankdpndiess for3mstesed| | 11 |
1 b beor B ST BT SUCE20) 6 UARRE POTLUSEY, 18330 Bl 45 %

define a vector 1n on € va egrees
al —1§’rmt*sm&'36mccééscfmlmethe ieft ﬁanlltap:sadifanaw define the sine and cosine

t abl , st,t .th 5 t | = 1)
cgs te b as]%(gs{% ?gh%: Bfoq ?)qli?g‘l%-t%% {rﬂ} G?%S?{ﬁr %1:2@@@%@@2 3 nég ):
CHS_tdlbmBhs gt ibthe 9(939|p%teﬁt (4‘862'5@2Y‘Bdﬂlﬁﬁreré%ﬁﬁ§m i;edfhi"ﬂﬁe-

cos(al). /corr§a+1) sin_tbl _plus = S|n(a1) *corrl (a+l); sin_thl _plus =
si n_tversionyE1didecoBRr. 95this is the one we use sin_tbl _minus =

oL OBt ol 1080 5 et Ol S0P HIEEE

now chefuiamre rbEtL of thhe sus pf the)squaesl of)LRLcoal LRR, pismg lkhe )matrix Eleihents
implemented in decoder version 1.11 as given above. Note that in the front left

10 quadrant, there is a 3dB dip along the line from the middle to the left vertex and
a nearly 3dB boost in the level along the boundary between left and center. The
mountain range in the rear quadrant will be discussed later. This drawing
includes the “T'V matrix” dip of 3dB in the middle of the plane, which is hard to
see in this projection.

15 - First we consider the dip in the sum 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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LFR = - %8953&389' us(bcs) + sin(cs) ...(125) LFL and LFR i I}Ctl},w‘fsag{lgﬁbtri ght
efini

quadrant®arée strmlar, but without the +0.41*Gterm These new I ons
|l ead to the following matrix elenments. 20 The steering in the rear quadrant
is not optimal either. In the curve above when the steering is toward-the
rear the matrix elenments are given by LFL = cos_tbl_m nus(-cs) +
0.41*@(-cs) ...(126) LFR = sin_tbl_mnus(-cs) ...(127) These matrix

el ement .al{l'e vi &ﬁarllﬁlideht'aal to the Dol by matrix 25 el ements.
Consi d¥ich gap e solyed dpweriGallysi gnal pans fromleft to rear. The Dol by

el ement s weFeg@@s BUbwiOthdAtinidredd sobutt e BeGS §7d GRIfet icBRstint! piiwaut put
fromthe front left output only when this signal is fully to the rear.
€

Howev elevieh along the ¢670 Axisranthgerportmutrlenaihe hppdary batween lefsandpl e
that tphg,@utput fromthe left front output should be zero when the encoded
signal reaches the left rear 30 direction (cs = -22.5 and Ir = 22.5). The

| eft front d&igepoff GShand GReassshoven resulds a8 a kfige ildprovanesat alasg Bherdr=0

Replaced. | I 1.LL1L BPLALL DLEELLL LIIT,, SUBSTI TUTE SHEET ((RULE, 26) WD

06, 125881pas 1eRtad s HweTRr the N&Pk‘&%@‘%-ﬁﬂ%%ﬂtﬂ%s%ﬁﬁ%@éa?g i) mirix
el emenbgurdasly betwBen Ieft it cdntht re@@fa8e - a PREcPASIARON 8t is pPSIHBly ibtt he
output in the front |left channel being about -9dB when a si gnal I S panned

to t he VPEY impagtanioly eqrapensafedor $hig exrors bukemweecan sttempt o datsofwithgidied

per for . t ki AUt b4 LS ' . 154 Thi
perfor @%@aﬁ bgeﬁﬁpﬁﬂé%gaﬁb@vg%gﬁtﬁng{%tﬁg g@ﬁgearﬁg q_th??cEera o?i‘gﬁice %%Lgérﬁds?’ in
t H) | ebn a saw qumadbined vaNable baset envie aardees oGadir thadneivt variablet tyemina( Thx
el ement s_var | ong t he boundayry tween | eft angd rear. Th hemat i cal
net hod pﬁ?(@tgﬁé/ ?ﬁe %ﬁ%dﬁg%gﬁé?ﬁl{%ﬁgﬁﬁ 2 AR Ly N ﬂ?‘?(“ﬁﬁrﬁﬁ l?ﬁ&hg%léﬁmer s for
Two- Eaidedcttibed datss.)" ADpricddGre € daRhing Nepmrh €l M tid¥ nofdfien) 9 Cct ober,
1996) can be thr;afg to find the behavior of the elenents along the boundary.
Let us assurfe ith?lzn‘émé%%mtqu‘eo%b’ the left front output should decrease
with the functigpif&x. as t varies fromO (left) to -22.5 degrees (left

rear). The method giVes the matrix elenments:
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
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. LFL = cos(t *F;t) -1+ S|n(t) (sgrt(1-F(t)~2)) ...(128) 15 LFR = -
(sin(t)MWQPYIZ8E cos(t)*(sgrt(1-F(t.)A2))) ...(129) If wePHUP8A83901 ) =

cos(4*t) and choose the correct sign, these si mplify to: LFL =

cos(t)*cos(4*t)+sin(t)*sin(4*t) ...(130) LFR =
-(sin(t)*cos(4*t)-cos(t)*sin(4*t. ) .(131) These el errents wor k weII - the
front left output is reduced sm)othly to 20 zero as t varies fromO to
-22.5 degrees. 2 shows that the left front left matrix elenment has

t he cfdrﬁpleréilrdrfﬂlcslhd%‘vamhb{rﬂ trdcs lofis 131k eheero, mnthdavhen dbe anghmend ial ong

t he t dary. W want the output to remain at zero as the
stee%éﬁ:g&tg?gnﬁgg }%1?0%922 5 degrees to 45 degrees (full rear.) Along this

part of t hEI(Bo&Mhnw,s ﬂﬁa $_cﬁlane rost nfthe sunyg iBf)e bifarescafS(RL and (LRR) Not e

that th t f th trix el t
ho. 1 POBR TR ARY TuFLRE GRERA G L daciar Bhowa ot i EEFOsSl Foowmallfet ver o

LEL =ceaetedhin zerd %Bé@nng?O NJtR thas leﬂéﬁﬁ)for thé ke rﬁ%até[hb? tRBeqty Has Been
Re 111 plaged 1111 UBSTIT ﬁg EET (RULE 2%’— LT T LI 11 wWo

99/ 12@@@1@@%@9@%&3 SQPRKRS 16 W@Wa%%ﬂnéfw[lh@w LFR al ong
the rear bgypda e&%t%%enh%t tﬁé‘dPV%latﬁ orrle'gﬁoﬁ 'Ha%h;e O@tosmtfrtﬁsiue to

t he absence of poil nt at r ees. nee

t r ansdeperichgnkyhen &be\ﬁ@sehltatwaius of Wh'ehnecs is frontal. Thls wﬂl cause the
surface above to remain at .71 along the Ir=0 axis in the front. In this case the

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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5 equati ; the boundary as |r and cs approach the b ognsfe! 1 Near
I nt erpol ;\??32)1%& d be used. In the processor typically used’in these

decoderss, where multiplies are expensive, a better strategy is to define
a new variable - the mnimumof Ir and cs: % new - find the boundary -.

parameter 10 by = x; if(bp>y) bp =y; end and a new correction function
whi ch depends on bp: 15 for x = 1:24 ax = 2*pi *(46-x)/ 360;

f b d tbl = ( - Si / (cos(ax) +si n(ax) ).; nd f =
25 36 Sty LA 15 b Gan YHSOROM Dffn D OGRS Bbi% can vard Hom Tt “85.5
(cos(adpgedeR(ax))/ (cos(ax) +sin(ax)); end Ve then de;i ne_t LFL and LFR in
bount s« oS b coritas o et coaarsatotan s hout v

e o
thé f unbanoel whenOtls Seesing whiostaridstheneightiwe raght hearDol by matrix in this
O i il A0 B S R B S BGE oa”
PCT/ USY%le}8aR0essehbially 805 6amb/ dLa8 Féarhatti&Sdlbments 383%he 4 channel
decoder, with the addition of the sin(es)+ cos(cs) correction for the unsteered
loudness. When this is done the matrix elements are simple. We will define two
10  new functions which are simply equal to sin and cosine of ¢s over this range.
LRL = cos(-cs) = sri(-cs) ...(162)
LRR = sin(-cs) = sric(-cs) _ ...(163)
To complete LRL and LRR over the range of ¢s = 0 to -22.5 we must add a
gain reduction for the “T'V matrix” mode. Once again in the “T'V matrix” mode we
15  desire 3dB less 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 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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LFR = sin(cs écos(cs)+5|n(cs)) ...(139) FIG 24 shows the left front |eft
mat ri x P& as viewed fromthe | éft rear. Note the | BEHSPAS3WCt i on
along the left-rear boundary. This causes the front 5 left output to go to
zero when steering goes fromleft to left rear. The output remains zero as
the steering progresses to full rear. However, along the 1r=0 axis and in
the right rear quadrant the function is identical to the Dol by matrix. FIG
25 shows the left front right rratrlx element. Note the large peak in the

| ef t degreesarApmentaoned ith Griesinger’s sadisyj ABSt papervand pabentsrindmt r i x

ele r z Y.

ot coRPRY3al® pREYAE, Afed TR MUYl BEGF HEAS OB SHRCHIMAL R o
al on@RIbeh&udeMeasamd zero.t Bémple diunctighs fqlfﬂdlthmt the elenment is

i den ical 0 %B b% tl‘l)X One of the mmjor design goals of the design
of t ‘FFB&’S?/ b8 i Re8YRe present invention is that the | oudness in
FHy g VenLMI%JGcoé‘(f%%S‘?%ﬁﬂsﬂ%E?H eémésﬁmf@&ﬁ@(t@g)to the impgys of the
decoder shoul d be constant, re | ess of the direction of a steered signal

which is ﬁ{%@ﬁMﬁ%Wﬁé %&Iﬁé('@ﬂ nme. As expl ained previously, 1873 neans
that the t ut shoul d
be one, rgg{zgr %%%sﬂgg%lfs lgé}e}rﬂg dﬁ?‘f I{e%ﬁgﬁlt %@%ESHIZ%( a?éa nﬁ)g\g E%mggértg this
requir emefthenbehatior Dﬁtthaéféﬁ/\ﬂearﬂm and sLeft Rmag Rngherelergents ismeudhr ect i on

of 20 the output f| ues Iookn at the left front

out pRorS eninien Bhe TE BedRr ekt Blomets it Ritiiluriin ko 2erd fopeSke by Sde
ydhen ph Aansiueesd Ndedeased floln U6fto-22/% &aR zte@ﬁt ’EH'@nfdtﬁ%eéénfgntQ'gﬁvé}?ﬁh gn by
plotting the square root qof the sum_ of the squares of the matrix el enents..

25 Flhe apgerdrshappheation of Aoyembara 296 §9ﬁpbl1n thys, bitfoas MR shewed the new
desi Q@riéf Ctrhe}g“a&e r%le‘(‘ﬁ‘s[ £k ﬁﬂﬁ: l({t(éic (LS I BOS fny) (sEQFIRE PN 1N the

rear quadrant, so we could see how a curate y the resufting sumcame to
unity.) Ndtar ther\ée®dlrp'ea$aonri itha sdhtiodi was fownd wimch tises fonetibag of esser
peak as .a si fromunst cen

G o BRoriRnd Siore! (OTUMRARST 56,85l P AU S RRre sl Ui PhB s . anc
159 htamjltitcaﬁbﬁs d:tlltreldngrd‘vatluislj7 rthetprabken iatgheNst=2 Otlhaindar§ 3riddsi secaugetonHas
Been tﬁg%%%gqu %11d1 tl a}} 1%oundary the LRL matrix element is given by GS(/r). 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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SUBSTI TUT& ol dofi23ssH EET (RULE 26) WO 99/ 12386 PCT/ US98/ 18390 JA.tibs . gidier
quadrants thé rms sumis very close to one, as was the desrgn Intent. The
value in the rear left quadrant is not quite equal to one, as the met hod
used to produce the elenments is an. approxi matien;: but the match is- pretty
good. FIG 27 shows the square root of the sumof the squares of LFL and
LFR 5 including the correction to the rear | evel, viewed fromthe left

rear. The unsteered n, dd| e t he val ue on e nt er
ver t ex SASEORERY S(% cSt=l)9 go‘f‘é‘i\‘l"q@ve @Smeyg}e‘% ‘@"g L&ﬂd | ef t
vert ex IRR arrbaooml ﬁ!@lciwﬁ% ofl\domgﬁ@ ariddd& doRd thBeask dd lcsnhﬁu‘i@ﬂ&ﬁhgaeﬂes
The next é ncern addressed in theﬁgresent i'nvention is correcting th

i

val ues¢$ n@l@é'yr"é%la dea functaon: of a; eorapesiteyof iroand gwéFhmgewmwablms
matri x gl 0 e gi ven
by: For T8 r§°¥1‘?’%‘h§cﬁffﬁ?‘?&%§ﬁe&§%’° it %’?@éf NO‘;*BP ﬂ%ﬁﬁ"ﬁ&éﬁég‘ . (140)
15 5_RRvariab'l& 1£5(sufﬁc1entl§r]nmﬂpﬁ@(ted)that I(wifl presemt it e pseadolefMATIRABY . 71
- LTI @ Ar)+. 41%. 71¥G(-cs) ...(142) LRR = .71-1-Q(lr) + .41* 71*Q-cs)
...(14%’m(the right half of the plane is identical but switches LRL and
LRR.) 20 Thdrrigsinded &il¢ -alsemrfisd ithe tdiffeF¥iday Pro-Logic are For the front

| eft quadran lr) +, 41* 71*Gcs) ...(144) LRR =
-.7.19(3(| r) 1§€(11’45{Lm743%(<@§)%%0 Ir ¥66 the rear left: 25 LRL = .71 -

TG ) L 4 4R%m 71*G(Ir) ... (147) (the right half of the plane
S igla((antlcal %%‘t svmdteches LRL and LRR) A brief digression on the surround
| el®l in Dolify4%r|es| oghc bounded) #hase the smaller of the two values

Ir_bounded = 45-cs;

We define a new function which is equal to the difference between the

previous equations when ¢s=0. This is rear_active_correct(Ir_bounded).

For 0 <x< 45

15 Rear_active_correct(x) = sra(x)—(1-GSL(x)) ..(172)

LRL = (sri(cs)+sra(lr)-rear_active_correct(lr_bounded)-1)

*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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Dol by el ements are identical in the front but.do not includé the boost
dependeWO 9948860 cs in the rear. This difference is in fRETUHISE0 -

i nportant. The equations above This Sheet Has Been Replaced -64- 111 ~It
kKilt (0 rreeer oo F vkl SUBSTI TUTE SHEET (RULE 26) WO 99/12386 . __

PCT/ US98/ 18390 sonewhat di sguise the way these decoders are actually used.
We derive all the matrix elenents with a relatively arbitrary scaling. In
nost cases the elenents are presented as if they had a maxi mum val ue of

1. 41is simphrericicarbauwuled)c &his temoomil inmrestontinwtye aerass thedral laxis.

event ual | r. #tg%??dﬁgﬁe;&%ﬁ%%a maxi num 5 val ue of one. In addition, when

t he decod se, the gain of each output to the

| oudspeakes_boaurmtldistled cgp t he sound power is the same at the |istening
posi tion when g signal, i,s presented to the decoder which has been encoded
fromthe fourlfzﬁ—&%uﬁ‘idregcfﬁo%st is [igits the maximuymgralue ong rear. 1n practice
thi s means thagg paanaelualo;l evel of the matrix elements is scaled so the
four 10 outputs of the decoder are equal under conditions of full

steering. Theemdick of a | evel boost in the rear direction in the Dol by

decoder neans; o dur | i il npce e in of the rear
outputs wll %‘e(hs'zailihs'gcg %é}%oggaegg%a{i%%%ﬁ%g%%%o%? %’& Bu@e.g In fact, for
t he Dol by decocelboundedaetd®sdr; LRL = 1 - §Ir) ...(148) 15 LRR = -1
...(149) The difference is not trivial. Wen the front elenents are scal ed
so they have #%axi num val ue of one when there is full steering in one
forectionfopRsfd pdo tshat during unsteered conditions the el enents fromthe
1989 patent have the value 0.71, and the sum of the squares of the.

el enents has LR& vd-gsadir)onsravhrsGAo)TdSmes/1due of the Dol by rear
el ements when cali br . r .val ue of one, and the sum
il R PRI A0H)

of the squares is 2, 0 hi gher outputs. Note that the
cal i brati dorpsecd8uoe22.8sults in a matri x which does not correspond to a

"Dol by Sur  oupgp DASSIA Tk e RS LB PBbL | b 28] £7 00
15 In the decoder according to the present invention LRL is computed with
interpolation, just as for LRR:
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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The Dol bx,gé%,g ypd passwe matrix specifies that the rear Qi Riosgtuay! d

have t he ue of "(Aln + Bin), and the Pro-Logic matri x does not
neet this speC|f|cat|on If there are two speakers sharing this output
each will be 3dB softer, which will make all five speakers have T .

approxi mately equal- sound power when the decoder inputs are uncorrelated.
Wien the matrix elenments fromthe 1989 patent are used, the sane

calibration A fromthe rear when
t he decoderTlﬁ)lnp&?’ggé?lé%%ggfre?%&gﬁgl%égﬁ%gﬁe%fgOPO ?‘ ave BF N ut puts in
t he nediffirenges firooh the center slenienisvial tHeodsly V9&8 phbentoapplidici.e Theb89

Thi s Sheet Has. ced ~lI11L11)~h~~H H ~| ~~I | ~ SUBSTI TUTE SHEET
(RULE Eﬁ?e ,ﬁégg? Il%cﬁ?ggéﬁ‘v OUPH‘PPg ppdx &femeptS.her to the left or
right sidesFor@roltosttleeirfdy to the rear. Thus they follow the 1989 patent
in ternms of their surround | evel when they are unsteered. To see the

i mport ance &L Fh1§‘+4§§GéCS)coGgTHer what happens when we have 5(&#) nput to
t he decoder ?1 of three conponents, an uncorrel ated Jll"F';)t and
right corrponent an %arate and uncorrel ated center corrpon‘e'rg Aln =
Lin + 71*0Emrreatils$é)enn§|n = Rn+ .71*Cn ...(151) Wen Ain and Bin are
pl ayed in s reo ﬁ&@r sound power in the roomw ||l be 10 proportional to
Lin"2 + Rin If all three conponents have roughly eq&bTS

anpl i tudes, OR'% 1at|o of the center component to the left plus r(ig%r)t

co onent wi| | be 1: 2. W would |ike our decoder to reproduce sound power

he roomSinehthe ppaeix slameents have arnynpastry aboubths la"t/erm axiegthell ess

of they t can ex t hi
mat hematl CAl ?féLE&ggn E@gﬁ yljg?ﬁes(ag%g acggv\@r Pdr%l%vfgy 53%&}? Cfp%pem fy
the functi oﬁ"aIG f38 showstthe G}emiee rLefa((ELx nﬁtﬁ'nseeteSneraﬂ ofthd fb‘urc&aﬁmél and
all th h tr.ix, el ken  as ven . we assune the Dol by
mat 1| x DAERSFoRLogis AapAPE RLbtEh T KEoq saneRsiPnan his fokio T4 ExRmh 8dhe
than t iGeneth®ight mmubwﬁ@mﬂwe SRAPTRIFL hidigght!! TheShEfIB b the Fraphlat

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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. 20 the unsteered condltlon of the matrix is identical to_Dal b r round,
then thWO%AEBEr matrix el enents shoul d have the shapes Bﬁy&s%ﬁ% by FI Gs.
28 and 29. In FIG 28, the solid curve shows the center matrix value as a
function of ¢cs +1 in dB, assum ng sound power ratios identical te stereo,
and using Dolby matrix elenents with 3dB | ess power in the rear than
typically used. The dotted curve is 25 the actual value of the center

matrix elenents in Pro-Logi ice that whi actual, val ues give
F oSS IEILhS i S1gHoR VERY aﬁé%leéméd@& l@ﬁé?assrfi}gﬁﬁf%ﬁ FS ERe% Bromy 2eXQ 591gal
they 29/ 48 Ip8-haR 1l i idi8add fidh RonSiait! Alth¥er of dB for &th dBC

solid curve shows the value of the center matrix _elenments assum ng equal
povve10f int¢riease mo cst éPlae fuaction th&n rhanges slopepsnch that ingthe akkbR8t i on

actu us d t al val ues
of tﬁ«gg%%(?‘?t tl”D&aé errrlg?\#%%l%n Tl?)“g@gi(ﬁ cﬁwé ?ﬂgéwstt%gﬁac h‘% val ues
-56- wilérs tiod etderting iBEeaif Rapltad ¢8dBlorl 23 Héordeb} thé hbwldldtﬂﬂ:t eleméntSURSTI TUTE

SHEET ( LE 6) 99/ 2386 PCT/ 08/ 18390 are n 3dB toq low f
Al 2% o5 e o1 FoAT Bo ReEMIHG: A ot SRbiRE o nysy e

awar o%ove Pﬁ%‘éﬁd tthatneav Bhy mreetnarxﬁﬁtﬁﬁaremh@ﬁf@s&m @q@@i by Pro-Logic
system can often 'need nore center |oudness than a mxtz‘ee pared for

pl ayback iThepetpu: ofstheoerndes ehgnngl i thysy @ﬁdBej@Sﬁ éhaptthecddgutputose vocal
21 AL PLSARER] o Fil S OB w GO B BB, 1
t@ndlthemen%rthe preV| ous fi gure The present I nvention aI so i ncl udes the
or 2t on Sy 8, LRSS e e SO o S5 0B S BB, TS 1L
t her ayer§icpni M 12 Nottieat, @alatiiét flthe plo oHiFIC. C%thﬁeghitﬂﬂelvﬁlu@fahﬂsﬂ}féger S
1991 U.S. Patent No. 5,136,650 created two i nde endent out puts at
- right and rear vertices have been reduced by 4.5dB. As cs increases the center
rises to the value of 1.41 in two slopes.
15 The solution for the center used in version 1.11 is 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
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 half-
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?

[
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the side e math in that patent was |ncorporat ed in lthl?"gg ol eft
quadr ant Swglfbgﬁﬁisgu S. Patent Application No. 08/684, 948 of f@g%

goal of the 15 elenments in thi.s quadrant was to elimnate the output of a
signal steered fromleft to center, while maintaining some output fromthe
| eft rear channel for unsteered material present at the same tine. To
achieve this goal we assuned:that the LRL nmatrix el enent would have the

fol | ow f For t eft fr.ont ,quadrant RL.= 1,.- ry - .

0 5 oy | HHE abSivet B thid bubiith dBpBRAERH 4t bendaay ohthe JAnd pight

these i SuthARENMSe MR Tl idsHrebntdd bt LFNeaddIFR Grk QRdsTERId

U S Patent 4,862,502, but with the addition of a G{h@r) termin LRR and a
al

GS( | r) to&emavie the cender cpmponent o L}Bédnpblt StEnals @sthe stegmngnmoges nput 25
chan “elfoﬂafrawew'@% He&hdw? tﬁ%ﬁf‘ &Ie gigélpﬂés bken Fégl%gg& i d'Rifiger ed

signal power as t e st eer S|gna r enov solved for
t heb f usomeokindsef krgss mixery stible asra Basmeo rwidthtconlnmletlsé] mﬁiﬂub elennelsusg nal

Por " asetsh abp it 1968 SaBeRhOAr .5 kabihe 10 diat il 1996 prbemog
f or mul applicatisneletddis, dgd*eitibr 1 BAetiickdefitiits, M8 th¥hdwomdsae can be

shown to be_identical. In the Jul y 1996 application these el ements are
cor r ectacgonsiingdiordiegprasans inveypiomhall comudetalnsestorn thepiriginal separation.

11117 2 okl A1 o\ SHBSH TTE, STl R by 01857388, BT oA 10300

boost o (S|n Ccs) tcos(cs make t 0 con
unt@ eeradso realoee |thb oﬂ@ihhbsemmtmml y successful in the right front

uadr ant , cCOorrec S, not uccessful n the ont

guadr ant . OYVﬁ’ge?l SﬁgeflPBHF ta&Qar‘%PS%EOWF‘P. ﬁllage‘irl%{ tianchrighd to
t he reaihalﬁae(l% e@\w‘ﬁl&h@lwaﬁrelﬁté@%eﬁﬁb%%k%hfélth&%&@?aéﬂ&) and were

I mpl enent ed h@_'_ ver.si.on 1.11 decoder. The |eft front quadrant probl ens

can be seen 4T 3d hch shows the square root of the sum-cfl8he
squares of LgL- @3d LR *4si ng the matrix elements ..(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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_inplemented in decoder version 1.11 as given above. Note that .in the front

| eft 1OWQUAAR3B6L, there is a 3dB dip along the line fronPERSHV/HAE to the
left vertex and a nearly 3dB boost in the |evel along the boundary between
|l eft and center. The nountain range in the rear quadrant will be.di_scussed
later. This drawing includes the "TV matrix" dip of 3dB in the mddle of
the plane, which is hard to see in this projection. 15 First we consider
the dip in the sumof the squares along the cs=0 axis. This dip exists
becaulistening hes sbewar tht! in) fach themunTbf the poivers wh allcthtel sppakeraidi trary -

voul PRl PRHES ABORHRE: & wEknlalt BREki ek fad SHin PEUSE StuenetiBall dhe | T)
and ddiplts ofﬁhnsdebodsewvay as to keep the sumof the squares of LRL and LRR
const ant é@, al ong ;t he,cs=0

and keep the putput zerq al gng the
boundary e HAnto degign t‘S@ﬁP@t’mﬁ%l Eec?éﬁmb%f Pf‘é aﬁfu g %P»SEH?M ke to
bg sunfd he drelgrelefl A WRER s’%&cmh%%&%@h &%Mgt%ﬁ 'a%h%nkn the

right front quadrant al ong t axi s LRL =

cos( ceprodwsion,)the squrslpowes of Hee Cingonnonent foppl the centensaypuwmusant t he

(o 159 RS SAEBFoR BNt {dBoh 1R RERENY ow b (8 1 bl ey gnal.

or aSodtp‘Mﬁ_ Ih asd ii{smndamtm:ntm e rein'gnﬁp&ts An laiald‘itl(?ﬁglt c)q[mphEiRia}[l g th?t‘ -
ese atl on esu Mess ugaratl c e i o or

o (b 1o, o Gtk SPAL CiRbaMCS T Eaeil el bopstydasPribed haver | Thiswal S

@@BSTéaHAE&Lé&%%‘ief E&Jhléea&b B&%o‘iﬁé&&ﬁ% Gofel/ M&%@é&&?@@aués c&ﬁgtﬁBtCWé be -

sol ved nunerically. Figure 31 shows the nunerical solution for GS and GR
for cepswatte t@gs@'pqmrement as a set of equations for the sound power. These

equations can be solved for the gain function 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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| evel cen%‘?ﬁ@g s=0 axis, and zero. out put al ong the boungaf_%,g%{mn | ef t

and e of GS and GR as shown results in a larg rovémnent
along the Ir=0 axis, as intended. However, the peak in the sum of the
squares along the boundary bet ween | eft and center remmins. In a pract.ical
design it is probably not very inportant to conpensate for this error, but
we can attenpt to do so with the following strategy. We will divide both

matrix ele acto epends 10 ona ew conbi nhed vari abl e
based BR ?%@ﬁ%‘%éngelﬁfme Wﬁ \#ﬂ bgé Wy meRd torpe pearesste APt vi de
can berdipvaethd Yerter Bokipdtleht Mol thd IRFERRE ﬁéhﬁ R&nk afdtphtsrdescri bed

bel ow.) A procedure for defining xymn (in -Matlab notation) is: %find the

mi ni mum of kiYenng kests rﬁhﬂ“kth@;')th& vqucm d. Bl gi)acocie;rﬁlamezgts are gtzbegledsswym n
" 20 B o e R SR Bl i B oo
be 5us ethdtethoy slhmulld@o t0.0Mhd eﬁérgyumiﬁav‘ézdSthL RR%héﬁDﬁ{L&%)be given to center

I = sin ,
gﬁ | : 3 iwd%lpeé %. {’ é?ﬁl h)r%”)mve (%ynem e oM t ﬁﬁeﬁﬁm meht frept —
cos( CS%¥eak&%6th thRRsgundHidld 68 )sumlaﬁ'leljﬁe tf*ék g l% Hgélre' ﬂ bBWnat L

paper hese el enents are additionally 30 I'tipl |e

cor r ecth® gentgi power tushe leﬁﬁ@raimlgm@@eam anitethes cemer mpwer imethe témter
m ddl e ]g]‘eplane W will call the correction for TV matrix -69- This
Sheet ?gs eén Replaced 11112112121212112 If1 11 L1 '

10 We create the optimal system by first choosing a gentler function for the
increase of level in the center oﬁtput as cs increases along the Ir=0 axis. We can
then solve for the decrease in level needed in the left and right front outputs to
keep the power of the Cin component in the soundfield in the room constant.

Let us assume that the center channel is reduced 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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. SUBSTI TUTE SHEET (RULE 26) WD 99/12386 PCT/ US98/18390 ' tvcor.r‘I 1r (+ |
cs (). WVAR6I r (+ (cs () is -3dB at zero, and 1 when PREUSPY it is
22.5. degrees and higher. FIG 32 shows the square root of the sum of the
squares of LRL and LRR wusing the new values for GR and GS. This factor
shows up in FIG 32 as a valley 5 centered on zero steering. Note that
except for the valley created by the "TV matri x" correction, the sumof the
squares is close to one and continuous. In the present invention, the "TV
matri x" cdffeckil® has been nodified to depend only on the absol ute val ue
of Ir when j ronbal aacfi AN the . surface above to renain at
.71 al ong t%@S?’%E}—z&?si?n(-ﬁt%hgeﬁre%nlfa&g};d%@)t)hi's case the 10 correction for TV
matri X becoramp svgodesHl); Zr | ). Tvcorr( I I r () is -3dB at zero, and 1
when t he angu nt is5.22.5 degrees and higher., The. rear matrix el enments
during reaF‘rl B+ )were previously discussed wth reference to FlGs.
1g-16. The T e@(csAYH dmBk EORNES 1 O/ eeiterNrdtl8/( 391 patent (5, 136, 650) were
not appropriate to a 5 channel decoder, and were nodified 15 heuristically
in Lexicon's iffgdcyridgueentery@axyl y 1996 patent application (08/684,948)
used a mat hemat j 18 o tive these elenents along the boundary of
the left rear q%r‘gg‘iﬁagf_. @%gte élsnc%f bed in the previous paper this procedure
resulted in dirgtontinuities along the Ir=0 axis, and along the cs=0 axis.
In the degeﬂder version 1.11 these discontinuities were repaired (nostly) by
20 additi dft8f corrections to the matrix el ements, which preserved their
hghavi or  al pa@stE=skeaes BthQ0NdREI28 cchber_saidv@os),error in the LRR
el enent was shown wearlier in this application, as was the snall
di scont i nui t ¥ @yl recenteomaxdldary for the LRL el enent (see FIGs. 14,
15). For the | pne bbed here these errors have been corrected,
first 25 by u |(r:1€+12n ?%l?tggglg’%g{ﬁon al ong the c¢s=0 boundary for LRL, where
the val ue i sendade to match the value of GS(Ir) when cs is zero, and
smoothly rises to the value given by the previous math as cs increases
negati vel yerl“gward the rear. In the new software, LRR interpol ates al ong
1be cs=0 &dF¥his fundtid is) plottedtineFilGc8dears thersiliohcurbrell LRR interpol ated to

). 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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30 Ve wi g, Bd/fﬁ consider the Left Rear Left and Left Rearp&r@Rbg/188dd | X
el ement s’ v% e steering is neutral or anywhere between full right and
right -70- _Thls Sheet Has Been Replaced TILILIELE FEEEELEEE TEEELTT
SUBSTI TUTE SHEET (RULE 26) WD 99/12386 PCTI US98/18390 rear. That is, Fr
can vary fromO to -45 degrees, and cs can vary fromO to -22.5 degrees.
Under these conditions the st eered conponent of the input should be

renmoved fr etk no output from rear
left 5 chgmrm % IH g@?l %g"'eééﬁ%@v\g%q}% right or right” &g%t) The
matrix el e@amrmmmhwémpb@&br@abpeﬁdé onltbe, rﬁaez)lxaaibnmms wd asgodle
They are essentla_llly the sa as.the rear matri nts-in the. 4 channel

X
decodeWill gssamenthatythe rear grannals arg @ttannated (btys§d§ wapgifgrwarl ¢ he
unst eeé ﬁxﬂg?%ﬁ&?ﬁ?at Mhmst &stes) %rQPDRH iyemﬁ&tsﬁ' 8kt ﬁeéihglééﬁea‘kéfp kRen Ve

wi || new functions which are sinp equal t6 sin and cosine
of 5cs over PEREARamﬁg 1"(q_0RLcsi*(&m(-r7d§53m)ssm((csa% 1n+ TEE2PNLRR = sin(-cs)
= sric(-cs) ...(163) To conplete LRL and LRR over the range of 0@94) 0Oto
-22.5 we nust add a gain reduction for the "TV matri x" nobde. €’again in

the ' Tle Wgta{SSﬁmémHQt M?}Z&ndERirI’Q aﬂﬁabpﬁ@mmatam Sqﬁslg foit Cﬁblswaks\}']s ]
neutra ut n e value jn, t " decoder version when the
steering ish rﬁ#éﬁﬁaﬁ @*é@ﬁ?@é%‘s%néc he? I*%P 2 performance is{5¥Hewhat

| pr oV g¢h e b\%r i %?Qﬂ&éké}@ 1§GP’I§Rt4 ‘P@ FPREARBWRusOf | Ir | and I cs

. This Is achfeved in the current desig ]% reduci ng both the RRR and RRL
el¥rents by PRIB (WRM2 ﬁGE"MG@"Z@'Kbm%d 1"'Ang them back to their 20

original val ues a_‘_s t‘{ig _Sd 9293-52’;@92% {t?lgle@rg g@@e agai n, the sl ope of

this gain change s rela vel 'y~ ar ng as both RRR and RRL are
al tered.(i196) he sarre way. W will call the correctlon for. TV Matri x

tvcorr(l Ir ~ + I Tvcorr | cs 3dB at zero, and 1
when the ar él{}}ﬁeﬁqtl? Qf éng)qyg%rr Eq(sgl%@ald Rm power 1s tllerefoxe (assuming equa

Lin”*2 and Rin"2):
15 RATIO = (GP*2 + GF*2 + GC~2)*(Lin*2 + Rin"2) + ((GP-GF)"2
+ 2*GC~2)*Cin"2 + PREARYPREAR
= (((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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hi gher. 25 LRL = cos(-cs)’ tvcorr(~|r | + cs 1) =sri(-cs *tvcorr(l lr |
+ ~.cs WO91B86 LRR = si n( cs)*tvcorr(l Ir + 1 cs |) = BGT/EPBAEIN: ycorr( |
lr I +1 cs 1) ...(165) Notice that we have defined a new function sric(x)
whi ch is equal to sin(x) over the range of 0 to 22.5 degrees, and-srj(Xx)
which is equal to cos(x). W will use these functions again in defining
the Left Rear matrix elenments during Left 30 steering. Now consider the
same nmatrix elenents as cs becones greater than -22.5 -71- This Sheet Has

Been sm(ps)ametlmsdmwmze ST thRUIGE zenaing close tpere vntilicsirenches §9/ 12386
pat e ABETagsq ang EFOTERSasdS S Bl, O brpttidd WEi Ry SlbacaSp (EC PEPET 10C
?\éle g bb?cr;ﬁé?re ngr%}grteﬁ@ do rbRJIEh sl;ee) wgﬁﬁeﬁﬁg&%ﬁé the elra:she&angl éom;emie:urwtzm:sCfS ul fill
( st i (Tl*ég )camsqqoefagpfle escaa}weﬂa lg%@f tﬁ%z ﬁpen%ersffh?(rﬁwiagﬁﬁcl#ﬁ d &5% ( A 125)7)
Bl orné"$‘?f°ﬁ§9§*%ﬁn%'ez@ﬁt§?"§%i§“%a‘f?‘%ﬁ%‘eya?*%?%“?%e“eF}%ﬂ?‘s“‘*ﬁ?"‘ﬁh’?“m)r e

conpladong the bouhdariear 'llf@ffste airzesall hawg apegakive sigadnfpregtigero t o near 10

maxi mum a né ment s
given in ﬁ%@‘gﬁﬂﬁggﬁ% PF ¢a¥ :igt]l@g%%vglngg& gggg&g-rgpg'r'm é)%se%ﬁt as we
showedcgasks $fom tZ7ees &o aeatqr oWeenmd/\atmettmdt ofrinllen;img thisebetemvrodtdthatdar y

‘(see EIG 15.

e de I. vVersi 1 11 a ut| ound whi ch
uses Oﬁl}hétﬂrﬁﬁimﬁfﬁﬁgn‘g aH’i "féﬁ'ép"?‘ Pﬁ‘?sel:"() &P%Eaﬁlﬂé@y esi nger's
fﬁs %@%eﬁnéﬂtaﬁ% Reh&H ad waPRLifFethi9stst 60 tastepr wm&bu dfhﬁnﬂ%@hisﬁm at

e cs = 0 boundary ari ses because on the forward side of the boundary the
LRL rwhen es ol 230ndegreeyis o dpfines( differenpe funstion:hetvaeen-GFhand smtcshn gi ven

The. rierERaiRAlf dlBiBoA N AP ABED P des the ?L?Féwbﬁé,“‘e% hem
equat i ons FroMdthab hetdtidlear matrix el ements over the range 22.5 < |Ir < 45:
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) = O;

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);
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'(rem”b?&‘ﬁé éﬁ« 4510 LRL = i.' S PCT/US98/18390
cos(45-1 Sl ne (45-1r))-sin(45- 1r) - cos(4*(45-1r)) = sra(lr) ...(168)

LRR = -(sin(45-ir)*sin(4*(45- 1r))+cos(45-/.r).*cos(4*(45-1r))) 25 =
-srac(lr) ...(169) If cs <= 22.5, |Ir can still vary fromO 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(1lr) = sra(lr) ...(170) LRR = -sin(lr) =
-srac(lr) ...( wo functions sra(x) and srac(x) are defined for
0 <lIr < 45 ?;Z%# <38rgg 4hé)1 11 decoder the follow ng technique is used to
fix the -72- Thb(;-‘s Shieetpdas Been Replaced ~h u H 1111111111 111 ~hi

SUBSTI TUTE SHEET. (RULE 26) WD 99112386 PCT/ US98/18390 discontinuity across
the cs=0 bouno%ﬂ@ In the AES paper near c¢s=0, LRL and LRR are both
functions of ;gqsingle variable. To fix the lack of continuity along the
cs=0 boundari; we add a function of a conposite of Ir and cs. The new

vabi abl e i sTherLFBalemgntidan boudgewridténer ence between Ir and cs. The

definition gf S ed that | wll
present it t}ggerh%ﬁ%W%Aﬁﬁn?eﬁgﬁﬁ%ﬁg%%%fﬁ% cs; %find the
difference i the cbguruf&ﬂufﬁé isoldidatttif it > cs Ir_bounded = 0; 10 if
(45- cs | < bounzdé\(ljv) use 'ii‘he smal | er o&@ﬁrhel two values |r_bounded =
45-cs; W def ihE & % & Jt,stﬁso epashway fag the T8&ORi ffer ence bet ween

the previous epgli@ng Mm@ CsTOtp] w%ﬁﬁ . active correct(l r _bounded).
For 0 <x<45 15 Rear-active-correct (X sra X -(1 GSL(x)) ...(172) LRL =

(30i (cs)+sra(lelgerear _active correct(lr_bounded)- 1)
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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1-tvcorr(l Ir I +1 cs I) ...(173) The inportant point abo met hod
i s t hatWPPOMBBRs when Ir < 22.5, but it does not work \Aﬁ‘éw%%?m&a)l arger. A

better technique, which was not used in the version 20 1.11 decoder, is the
i nterpol ati on technique which is used for LRR The version 1.11 deceﬁer's
LRR coefficient uses a better technique. Here there are two :

di scontinuities. Along the cs=0 boundary LRR in the rear nust natch t he

LRR for the forward direction, whic hovvs RR = -GF(tr o] th cs=0
bound@9¢ P@Sntﬁﬁpbhé‘il% gikea SmoeY ci’sﬁ_zfcé)f al ) ?@Pe%b decoder -
alth t t I

i nt egggad?l dn base Lcri[%on t%ﬁbb égﬁg?g‘%gﬂgé\;/égfl% 1359 a(%élggp V%e '?‘(F)b ull% l}jkggrees

| N obhemewo cesterviamction hoshaz\eer simidar belphoyr a@cmg this HoumglarRR. As cs

i ncreases o 1 degrees we | at 0 Th
is alsot i ?prgpctaoxa%g@ﬁ 2 ﬁm}fﬁ ﬁ%lﬁe/%thg%l % HS({?a @b c:'!t-nere
Pl vaddnms ahYa@didioﬁhg.l Faheion ob xifRnWiv Matlab frmwtdomr usi ng cs_bounded. The

term -73- This Sheet Has Been Repl aced SUBSTI TUTE SHEET
111111111@941%@@1@ T 47t RULE 26) WO 99/ 12386 PCT/ US98/ 18390 is sinply

sric(cs_ b |ne Csﬂby@(lﬁrm&éw@éﬂf& ﬁﬁ“ﬁdbﬂ‘é{k&ﬁuﬁwoss the |r=0 axis.

First we unded es-bounded ="1Ir (cs_bounded <1) %this
limts thé)Rmu‘lfﬁJmG@K@é+ @Irtsr_tibiutdblt(ltylmn)end |f (45-1 Ir | <

C3-Pounedhy 4455 ) o ISP BT B PAVDELE 5 e
10 pans from center to left. Note 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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.+sric(cs_bo Yy*tvcorr( | Ir | +I s I) fores=15t 022 4. Lq?gg—

(- srac(lﬂ gﬂgsggc(cs bounded)) *tvcorr( I. it 1 + cs (); 15? t e'/lc-iﬁg(g:%der
according to the present invention LRL |s ‘conputed with interpolation,
just as for LRR. for cs = 0 to 15 LRL =" ((sra(lr) + ' T .
(sra(lr)-GS(Ir))*(lS-cs)/lS)- + sri(-cs))*tvcorr(l it ~+1 cs 1 ); 20 for
cs =15 to 225LRL:(sra(Ir) +sri( cs))*tvcorr(l Ir I + ~cs 1); As the
st eeri ng es, froml to |. rear the el.enents follow the one

o ven PHxERRHEUIG aEput o Bie bResdarn fih 6 Ak B Eb IS EPEROLY Broseansd

| oudnegpgg 1anhé:@otal aﬁe ht the %&t £6f b eficddera{Hduld hesthd §§ﬂne+

rboost (cs)) = -srac(lr) + sric(cs_bounded 175 This

corrpl erwﬁﬂ.@ssm_wm Lrnmfmﬁ beipgdrvemt dhas ?‘ri’@}llﬂt}ﬁtwﬂi B'&hlég mastehilp) ves
for g@ﬁrc%ge%{si $gchczﬁﬂle@ %ﬁ&%%u&‘b!ef%@@% strfifder@8 qﬁ; Qsélgﬁed to all

def|n| I ONns ext I oveme I SCUSS 1S tation of
thé Ceﬁkrerloudapeakersl ehhshbﬁgh mlmhanpsﬂsmurcémamtﬂob rcomrﬁdn atm}re Present Has

B R d | L1 RN AR SUBSTI TUTE .S
D0y e, s thepaTruisty pimion thak theymill RasPrc cuPBiEN I th, FRRE e Bl

Ver si Opydsid Febedn s Hierd! Meeﬂ'oﬁé‘g‘a%ﬁﬁdr RISt e cABNARFS pRAREIERY thd Fronfehdbe Y
1996 patent application. The

channels, with primarily reverberatmn in the rear channels, require a different

1€

encoding technique.

10 After a series of tests at the IRT and elsewhere, it was determined that
music recordings of this type were successfully encoded in a stereo compatible
form when the surround channels were mixed with 3dB less power than the other
channels. This -3dB level has been adopted as a standard for surround encoding
in Europe, but the standard specifies that other surround levels can be used for

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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patent and Dol by Pro-Logic have the following matrix elenments.. For front.
Steeri nWOPIAR38E 1 + . 41°G(cs) - G(If) ...(176) OR = 1 +PCEASEAE0" " (177)
For rear steering CL =1 - (Ir) . (178) CR=1...(179) 10 Since t he
matrix el ements have a symetry about the left/right axis, the values of CL
and CR for right steering can be found by swapping CL and CR FIG 33
shows the Center Left (CL) matrix el enment of the four channel and Dol by
Pro-Logi c decoder plotted in three dinensions. This is also the graph of

t he pPeniarslRidgheri engoddrenent if we svvap l eft "and right. The mi ddl e of

t he graph, an h n e nt er

vert ex hasAftgﬁ ee;g?rijs(ﬁe ils%ﬁmgh g%‘?eg.% F’%‘Sal{ \tllemen%A S gié%l ergf odlpﬁ]é}@

maxi rdigeosered. iMangebut mot ladl dfidhesd Qﬁﬁbbm.ehavammn(aﬂdmssadms thebewent s
F r front st

| d b d
cos  AAeoFTe gk sxataple; iert St s signals azp pphattorjoH e fFvef sud the (140
CB ﬁ%Q(lﬁ?u% bf thé Ieﬁ(:aaéx45c e samestirhe; 'tlﬁé x@gﬂe&ggr dricotier )o‘htpﬂﬂ’i%i‘a%bd

hese equati ons were never |np enment ed he ver5|on 1.11
i rrpl etoorfazitodhe fzont.s Theseel emcoder eqrapensajes dox, Haisefty t bt imereasing thet h a

di fferent a ffar t t was
i rrporfez?ﬁ'tbl?g% 15% e ﬂ(&&l{%gt gvgrkgé(}}e foevegl 111{2{{ @E%ﬁ csdefr-%iti)grlf's g%t% gﬂ%&]ﬁ&ﬁ a val ue
4. 5d Bsﬁl@;anuhahauﬁ'mrm contentctiereds avast resvesed: bish ovivchstanf temek ton

41' 17 h d '
back Testcheetin enahpames ol ab Rceebier EBntial dThlr e B HRPSHERERL

flonct i @ird whB HRilsE eRtellidibiHBE RIS paRInGlesanpsithate.y @he Aewidcadety. | n
version 1.'11 the new bogst functjon of cs starts i';\t Zero befo , and
-75 megpgn%@qes Hor thiseeflegt araiging the (,enter channel mput to ﬁle enco

slightly under these condltlons
The new encoder, shown in block schematic form in FIG. 40, handles the
left, center and right channels identically to the 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 encpdef shown in FIGs 10 and
11, the left (L), center © and right (R) signals are prés'ented to input terminals 50,
52, and 54 of the encodeI" circuitry, respectively.’ The;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.;'*onnd signals are also applied
to these summing circuits, but only after some man_ipulation, which appears to be
more complex than i1t re_a'lly is. In the surround channel 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 shi_ft' elements 234 and 246) with a 90 degree phase shift
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PCT/ US9$ rises with cs in such a’'way as CL and CR increase 4.5dB as
cs goes fromzero to 22.5 degrees. In version 1.11 the increase is a
constant nunber of dB for each dB of increase in cs. The function then
changes sl ope, such that in the next 20 degrees the matrix elenments rise
anot her 3dB, and then hold constant. Thus 5 when the steering is "half

val e SRavRde gt ik FRAp RIS Rropdh UERIT YR Bhofe Hitne G B 7

f or war 288} be toevpatitwiitie nel @l aave P’ha@é ghE! Inbgrobgsie @mabder] 78 19 WheWndf
the center channe| is thus 4.5dB less than the ol d output when steering in

neut r afs, istaaroy pa dhat she petiye parhy isdbypusgh the A degresgphase smfterso Thus,t he
center . £ [ ' ogi . oder
vor si o4 Ly siERaF gtfed URCAPRLAL et Bidcl a7t FEPlerhy bl BBl Mtonf 361 1S
an® t hmultipjied byad 0.8arfactort thes pasves betine addec d@6hwhersdBis Asixed with

[ th ' to t | 1,41 i S| 15 T,

ol Ut BIE FESCORIEh RS st FoiuheFurResior 104 sk fased efia: dbhtol e
exper i QAR ¥f &4 1y leadd or3s. nIPeasirblzet HRASmDRAWbf trltph tivieecres f&dd fgror tion
of popular nusic recordings, and the dialog in sone filns can tend to get

| ost wRaeh pyrre¥Rd ehaaﬁ?hg%‘heﬁi%%mq%wmpygh@p%cﬁp&re@phaaﬁ@hifter
duchi h i g L e -

ool AN Sy IR oo WGRJI O (5 Yt S ier

s ddak e 286ctnthistadder; had gazaee it the sutpoh tafminm! chasthe §AC sigmadi. nds ifhi s

probl em was extensi vely anal yzed i.n devel api ng.the W matri x_present ed
here. RS RECTON usdet, Bhenithere i only 8y 18niPap oty Soropp ahipnes,
from | ¢hé A andeBtRitpats ht @8ihimdls 440a68METFesteltigeliNBabs ARl tdHE ratial ue
above gives too | ow an ouytput fromthe center speaker when the pan is half-

25 way 9BetI¥ehl. Whichoresudtisitia steerdng amgde ok RArmepereesti9cthectpadiesi gn. The
center chanmgle @4 Bidh Mph1RA eleiifitlal 62BiMARAY PRYR {HIRBUER d1RehiStor
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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decoder. While it is possible to renove either the A or t o t from
t he celW@p¥1BB&nnel output using matrix techni ques, any qq%%%gggt eering

is not biased either 30 left or right, the center channel nust reproduce
the sumof the A and B inputs wth sonme gain factor, either a booest,or a
cut. How |l oud should it be? -76- This Sheet Has Been Repl aced
;é_}_/lll I I}I LI~ 1 T~ 1 SUBSTI TUTE SHEET (RULE 26) WD 99/ 12386

US98/ 18390 The answer to this question _depends on the behavior of the
| ef t included gnitheencodex poreducethegain ky fhe %2@%*@?1%‘631& Heatien  and
Cr R BhEndCP bRy (i} HESRUE IR 1s SPORARARL iR i L@@ S as
t he g‘fé‘ergr ?\8 %vgsé%formﬁ can s %W?ﬁat -??lﬁhaéhﬁﬁggéwg%lgﬁ%%qﬁas been
encoghdséorward with 5 some kind of cross mxer, such as a stereo width

control, the trix el enen Ve v t I . Pat
o o A5Bt Ry h SRR st oS B gt LR 5 by Pt e
decodat of pRiERBe! Sn €HiS chbe thevtvan astenaaciondiantprs Gubleaddy ss the outpenhldveh) al |

conpletely restore the orjginal, separation. The version.1l. 11 el t

(wi t Bs tHe—1 8BePr Hbst N alenad Wlélﬁ 8,35 CenteTdiregtions 7k ore the

ort g&‘@&{.\c{dega’reﬁt THis (?de‘iei‘éeéevefé. TR pRRWud Onddier Pre8Eesd aANShStbEred

uncorrelated left and right channels to which an dnrelated center channel

has Ilsiavalander these donditions; whichris reagasable. gt is pioh reasongbde that '(183) 15

then as the | evel, of, Gn _ingcr T el aki ' i n, conponent

of 1 eEns appticd ke Ehe RS RE A oy B B Al orfeiefr, TOTEPLE

lc(jml els_;g : n T;[iusJ aliémdeigﬁmf (ndtoshovwn ik Vﬁhmaﬂ to theateimathe Hecadery a bit of
nle in e L. an ront, outputs. at does a ljst.e ? Th

12 araasps S5 v B L ERC P chemoobare el gkl 7. "5r°

exact '}ﬁ%geqi'i‘h@%sﬁft%l‘ﬁﬂ}ﬁn Hoth tReGabl patll aganier plarakisifted peh firl |
hear dtrﬁn sum of the sound prgssur'es'_f'rompeacﬁl Speak%r. This_ is e?ui \fal ent

to s regrtdhannels teafilodesreatphase. difienence; brisieendihg ewighd chanmelelsy to

show érﬂf‘ h,%vrﬂicﬁer%'f)%ée%s an unsteered signal, this being the desired effect. '

15 In discussions at the IRT in Munich, it was noted that there is a European
standard surround encoder. This encoder simply attenuates 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 ﬁhﬁ 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

-
Been Replaced
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of the cgpggssgeponent of the Ieft and I ght speakers Wi | lpcrAsdsbiisdot @ net
| oss of “sound pressure fromthe center corrponent regardl ess of the

anplitude of the 25 center speaker. This is because the center speaker
signal is always. derived from the sumof the A and B inputs, and as i-ts
anplitude is raised the anplitude of the Lin and Rin signals nust rise
along with the anplitude of the Gn signal However if the |istener is not

equi di ' . ar
he susyard AAEAGR SACRKED off (o BICkob? chIHERIE ORI dnfilr 6

t he suthat in ke deoedesisopravided to lcemp‘atre rthe fnomuand rear ﬂemels, and emRIﬁT_né ﬂ;% ) 77
Thi s Sheet. ace S. 1111 I [, ,TI TUTE .SHEET I I

1T PR i e 0455 Rs &%“b i cefl; o2, 4} EHE o in fact
the sumffiniie PIBRItSciatidh i§ PeacnRPKEEs the re%&td!ﬁidﬂél%@é Sde léﬁ@%ﬁ"@kﬁ

so we nust consider the sumof the squares of all the outputs of

dec‘iade(ﬂhanfthﬁérmhp apnelssi Hhist pedivaeirewitappenss tamakow eilheltampkes Ithes of
Lin, (gdnbg' (grﬂ?gﬁﬁleo&r?ﬁ{s’cﬁ}‘/ ?lu‘gﬁﬁgﬁmﬁﬁxgpegﬁﬂﬁgpr %%aesrsgél music,

reproductlon repro e soun ower n “cofiponent
from t fbowevers nnsﬂrum&ntmshlchr axeiritended do Iqersjmmng inrtheaeabehasciets apn i n
Its sound r..f [0 left and right outputs, and its reduction in the
rear oﬁpﬁﬂ‘{f Aﬁl;ﬂg] %ln conplication is that the left and right front

outputs havehdie 1|s%tﬁithb@$ﬁﬁctﬂ@ﬁ@f&h@@eéb@déihcf@ih‘t%ni&hhgpH% \ﬁ%ﬁ th@e center
to. need to be_ sonewhat Iouder to keep. the ratios constant. can wite

t & r sygrewns fhagnels. sNotet %hﬂaﬁlm througheatiennaters 878 ande380 also
cquat | SASEF MG APLYSH 08 Lo Bl 0TSO SO oSB o RBORERI Bl o,
Pr o- L@@posuem@aamelmwnh\,(h%catsemmmnelmmntgr 888 PRnal 88Qiia thecadén signalot
opt | rmlpati‘(\‘e S, be]T%re %elné) appﬁea %nPttfeosrurg}Jr{mgec\ﬁ cql(lats Q’? 8 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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In FIG 35, the solid curve shows the center attenuation needed for the new
LFL andVPPR12386t he energy of the center conmponent of thePEFHY§EBYhal 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 decader. 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 anplitude per dB of
steering value. This steep change in anplitude is audible in practice.

Al so, altBeugrcresse thelgvelef the sireeund chaanelnbxupctraddB i when dhemtion in a
popu o1 Q) I ' avedy i t.andi ng close to the
centé?fg%ggkggbp%%hgﬁggg%séﬁ%ngeé -ndg%ﬁpgsephggﬁhﬁe annoyi ng. Furthernore
t he | oudndsslndrease thebevel anldonegdtivesphase efrthe rodr tlemimas hen thigive and

found the cent.er .balance 1o be excellLent, but the front sound stage was
domi ﬂ%\fegds S’Wlﬁﬁ t83;:lhe§%°ﬁl%gh§‘b%§ﬁe??dand left-right separation was
g ni mal . BheMRiiestlie H@froahdScHannie? tnixiee FEIIQeRGELPRUFhER™ Shayd i n figure

35 is 30 derived assum nght_he_ matri x el enents previously given for LFL and
LFR. SgwEge isfpanming fraped frond ignuiHo thecorresponding regr put. SUBSTI TUTE SHEET
(RULE 26) . ~diff.er | 2

Speci fi caﬁ\%a,la% %ﬁ’é@ﬁ%ﬁ%ﬁ%@g@g@%ﬁéﬁggﬂgﬂ’ rtg r%g\%lr% f e cZﬁtf%If
conpdhefroritr chranneds [sath thad wheyhthé twotfrantt gharels iave enit g phesethehow t hat

the version 1.11 decod el enent s are needl essly ,,aggressive about, renoving
the EORAR WU GRESE Ahe LePRES o Blate B SoSRE SR PSS R ot BEPOEhou 4 do
- 30. The wilkdetect ity eshdition 4 fmdkesthden@dednodtput eipfphr to WéSReeered | T Ve
don't, renove this energy . ones fromthe |left and right front speakers,

. L L
and tthe 3 awadraiiee phasq ﬂ%ﬁetw the Aand B ehaprels elbreslbhce bet ween
t he cent eryRWEthe i ' t C in
t he cent erWBs eaﬁeﬁféf%e\t}g’%?@%@ﬁ? ggtg ?%ﬁ%%?@?ﬁebﬁﬁﬂ (?é;%c?{:l%egg%iﬁ%g a
gent liBnstnated heneing many otherpessiblesmbedinerits exfist, andt these wnsliothes cs
i ncr = 1.Ss sQlve - . decrease in | evel
necadopmeAHERy e gtiaRoR i HE ebRirern 8 3 Rallol i ¥Re U5E FtBGul
15 departing from the spirit of the invention.

-
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keep the the G n conponent in the soundfield int an stant .

Let IOus aé,vgg\bngﬁ%s ét t he cente?pchannel is reduced in |evel EeTﬁgg el ow

15 the level in Giesinger'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(Ir) + GC(cs) ...(184) CR = .42 + GC(cs) ... (185) 20 For rear steering,
= .42 - . 42" G(Ir) ...(186) CR = : (187) Several functions were

tr| d for CSs) dlnter angl e cs
in lSegr eesqi((amd V\%:smgﬁwdng%l‘y’gg d%%%‘?i Fare é Ibg a paéﬁﬁ#%‘i ght
notZatt | andic anpet srmalmnﬁﬁdmg: dnteetmnany encoiiléd arﬁeﬂbﬁfdﬂ%ﬁ%nal 1;

Thi s Sheet Has Been Repl aced

it e F‘r’&\tﬂ%%‘ﬁ;ﬁ Fnﬁq R |Hi$$5t‘1%1ry| 0 éﬂ?ﬁ%lme@ ctigy thrpagh 12386
PC—E! USuddpedkers fsuifcﬁufdlﬂig)a ﬁﬁfeﬁ(ﬁi'ié)ar)ea 4Rd %ﬂ%%rﬁﬁﬂtg%eﬁﬁg $420)); tnp

c(cs+l); elseif (cs < 3

10Aetemnining dhet @rem@:@@/ r(ozx%pm of séid( tpf( end ight andicesigmaly and

6  generating therefrom at least a left-right steering signal and center-surround

7  steering signal, the decoder comprising:

8 delay means for delaying each of said left and right audio input signals to

9 provide delayed left and right audio signals;
10 a plurality of multiplier means equal to twice 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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gc(cs+l) = center-max; end else 10 gc(cs+l) = center-max
((cs-29Y00¥38¢ rate2/ (20)); |f (gc

(cs+1) > cent er mx?}%ﬁ?ﬁ?@@? =
center_inax2; end end 15 This lastd ed in FIG 36.as the solid
curve. W can solve for the need l i LFR if we assune functions
for LFL, LRL, and LRR W want t e rate that the Gin
conponent I n the left and right outputs shoul d decrease, and then design

matri x el enments which provide this rate of decrease. These matrix el enments
shoul d al so provi de sonme 20 boost of the Lin and Rin conmponents, and shoul d

th . . .
EohE o Gl 88odRh BB C1A 3 Wohotclh saldh 1 E1E Al rib YRR infih YEnals ekl *
& ( cshglnaldﬁ&ﬁ):odéﬂiﬁ@m ﬁveékﬁla-nne!@bﬂid two théfheks) and wHaejn €®d . 42 + :
. et el AT o SR 2 1 ot A B g "
fq Owéﬂeﬁm&inﬁwﬁﬁtﬁﬂ si ﬁﬁts Whiich Sheebp ﬂdaac&%? ﬁﬁﬁhﬁ‘éﬁﬁonlélﬂdlll I I

FEEE 1r 1l SUBSTI TUTE SHEET ( RULE 26
5 _appllcatmn of the sa1d ﬁve amphﬁed output SIgnals to five

6 to surround the listener.

udspeakers arranged

1 3. The decoder of claim 2 wherein said loudspeakers are positioned at

2  locations to the left front, center froht,, right front, left rear and right rear of the

3  listening position, said output signals being typically named according to their

4 intended directional locations relative to the liStenex_"s position.

1 4, The decoder of claim 3 wherein a sixth audio output signal of reduced
2  bandwidth, intended for low frequency sound effects, is provided in addition to the

3 five output signals enumerated.

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

S OW N R

_mag'.rﬁtude when this signal reaches a magnitude equivalent to a steering angle of
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VD 99112380, ST US98/ 18390 P@yE RRIR flek B2 +3Fg;)n“2') * 24 CRAdR o0

... (193 owe romthe rear s n the matrix el enents we
use. W will assune that the reqmﬂﬂmﬂ Eﬂ attenuated by 3dB during
forward steering, and that LRL' LRRis sin(cs). Froma -.
singl e speaker, then, 5 PREAR = (.71*(cos(cs)*(Lin+.71*.Cin) -
sin(cs)*(Rin+.71*Cin)))"2 ...(194) |If we assune that Lin*"2 and R n*"2 are

' |, f k PREAR =. :

BB i Bebuieh Bt mardL by s BRE e of Thead centes-sirroumd stepEREal |
spegkergignal, Bh R mode of ﬁi&éﬁontilmtje‘nded%P%léﬁéﬁ?ﬁgodnﬁé%’_roﬁ@ﬁb@, theiey? +
Rint2) + ((GP - GF)"2 + 2*CCN2)*C n’\i?+ PR@R .. .(196% e ratio of Cn
power tRFoVidinglaskvariasing of the sound level of $hameay ougputs relafive tgiderfrand) -

15 TI — /\ o /\ * | N E . NN\ D) + _ N

3 7 Ripatd T S o5 e S o el

( co3( t And smoother surroumdgourt effpétss) *2 + ge(es)”2 + gfics)”2) + 1) *
Linf2 (G n*2/Lin"2)*((gp(cs)-gf(cs))A2 + 2*(gc(cs)™2) + .5*(cos(cs) 20 -
sin(cs))"2) / 2*(gp(cs)”2 + ge(ts)"2 + gf(cs)”2) + 1) ...(197) For nornal
steteo, GC 8.0, (Phe decoderofFlatm03 wheret® Bhe abk6lutR vaWe lof onat dftheSsdilen:

RATIO = (CG.n"2/Lin*2)*0.5 ...(198) If this ratio is to be_constant

r egdr dl Sé(ggnag %I%Mdm?eddvgﬁg/@enotbemf seib stepsing sigpalsads ramdlini ;:;1 i )s

desqra - hen; : N Sod vas SAA . ¥ =Sl n(cs)) "2
(%p( EE 5&’? ft‘ Qg’gté}zéer%gﬁ(éﬁ?’b@%ggﬁjg)&? d %fﬂ&(&?%@%s "°E‘?}‘G‘%"?'?‘§én%§2i5§) can be

sol ved nunerically. If we assune the GC value above, and GP :hLFL asd

before, thengFl G resyl ti ng.val ues, for G- in 30 fhe sqli

cur s si n(c2) - corhe GREr bEEIAALY i B sBpn; ot fopfusint bk, pohiclhmgs
2  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

3
4  steering signal is close to zero, so as to reduce unwanted variations of the total
5

power delivered to the loudspeakers as a result of steering.

(=

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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RULE 26Y09942386 \\p 99/ 12386 PCTI ﬁbwtlmsehnksme@s) in t ECHYPEE®ur ve.

Note that G- remmins close.to ze

i ncreases sharply. In practice
degrees to reach the value of 0.71
causes conpl ete cancellation of the center channel

i ncrease GF beyond- 30,
shed and dotted curves.

Wi

during strong steerjng. Al so, GF mist snoothly interpolate to the previ
I¢a| ubetvegesneenter assl plher signalsrasswas presentabefore vhe signalatwere enicgdedn

r achi ol Yt ' iy =0 axi s,
18 2 ahd e Fprélofving B BABAReYothndbn CoffidPhhl bLRer BElaI S 1P lodrdingd T, 2
ldehaoriginally niiaed faf twhehpnuoel playblaeR el enent, whi ch nust be preserved

al ong the boundary 10 between left .and center, as well as fromright to
center. A nethod of doing this when cs <_ 22.5 degrees is to define a

di f f erence2f ungir aetibeenesderFuitdlsle Tor efisdding\Wvd HeanhdlBidf fafli s function in
vari ous _ways. Ia_ Mat | ab notation, gf diff = sin(cs) - gfics); .15 for cs =
@ 45bandmé§1 aneiq erbo tWe pREREY ‘;La-‘b‘ﬁel%bi- said dive inpntrghappels bpmng f (gf

<§f22§—€s§9ecﬁvgiy 1e#0 ¥t dbdrite? Porit, Pight PN E€NER réat R Surbsud® e digts 11 (Y

© 0w~ 0 o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

rear or surround, and said output channels comprising left or A and right or B
channels respectively, comprising:

first, second, third, fourth and fifth input terminals for said left front,
center front, right front, left surround, and right surround channels respectively;

an attenuator circuit connected to said second input terminal for
attenuating said center front signal by a factor fen;

first and second summing circuits, said first summing circuit receiving the
attenuated center front signal from said attenuator circuit and the left front input
from said first input terminal directly, and said second summing circuit also
receiving said attenuated center front signal and the right front signal from said
third input terminal directly;

first functional attenuator with attenuation function fe(l, Is) for attenuating
said left surround signal received from said fourth input terminal;

second functional attenuator with attenuation function fe(r, rs) for
attenuating said right surround signal received from said fifth input terminal;

third functional attenuator with attenuation function fs(l,ls) for attenuating
said left surround signal received from said fourth input terminal;

fourth functional attenuator with attenunation function fs(r,rs) for
attenuating said right surround signal received from said fifth input terminal;

first, second, third and fourth cross-feed attenuators having an attenuation
factor -crx each receiving the output signal from said first, second, third and
fourth functional attenuators, respectively; |

first, second, third and fourth fixed attenuators having an attenuation
factor of 0.91 each receiving the output signal from said first, second, third and

Maches 30 degrees, and then

Thi s

in the left and right 5

ous
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25 bcs 0()5,1%6 i f (bcs<1) %this |lim ts the ITB.XI mum vaI Pprnes18394; end

el se 30 bc x-1); This Sheet &‘bd - 82-
IIIIIIIIIIIIIIIIIIIIIIIII SUBSTITUT 6)V\099/12386
PCT/ US98/ 18390 if (bcs <1) % 46) end end 5 The LFR-

el ement can now be witten: %this neat trick does an interpolation to the
boundary %the cost, of course, is adividel!l if (y <23) %this is the

2%, g liBbnbD Sek 50 9Bys. bR, 7] f;B;jng__tx bl () o di 1 (bes).

-9 _t bl (y) firshy; second, Noird atrhhfmiﬂﬂh #ideps ehchfredéiving Sh@@&itpﬁt/ ngimﬂﬁ iffom

tion, Thu f. diff .15 _cancels the val ue of SI ucmgthe
vite srid Hestoiserond, third ang ougy Biaed attemaat Oaaﬂfesww g 40 G
3Btk thd Bliipit Adhald B chid e fitst) BURIH wutémfcher&g%sst ion for
center level along t I'T=0 axis. Note that ‘the value is zero in the niddle

of32that¥ﬂmm01\‘$ure§pe@weig) and remains zero as es increases to 22.5

doghece. = ok A0 Pty 8 S AT kel By BN, L

ce3d er 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 first and second summing circuits respectively, said
37 first and second summing circuits also receiving the outputs of said third and

38 fourth adders respectively and combining them with the left front and right front
39 input signals respectively together with the attenuated center front signal from
40  said attenuator circuit connected to said second input terminal;

41 : third summing circuit for summing the output signals from said first and
42 th1rd phase shifter circuits respectively to provide sald left or A output mgnal toa
43 first output terminal;

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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W now consider the panning error in the center out put. FIG 38 shows the
center WEPP1386) rmtrix el ement with the new center booBSTH 9 &C(cs) .
Note the correction for panning along the boundary 25 between |eft and
center. As it turns out, the new center function (if we wite it this way):
CL = .42 - .42* lr) + GC(cs) ...(200) CR = .42 + G(cs) ...(201) ‘works
well along the 1r=0 axi s, but causes a panning error al ong the boundary 30
bet ween | eft and center and between right and center. The values in the
59u| yandgucrepsing the dunslien Sy srsResaiddaunth furctionsd attarmator from zero |

uB SHE A ol Rl Hx:ta? 1996 t
@pp?ﬁcé}%on gl vepga SNDO )Itlé\%gr o%%g cog{@kﬁgﬂ é%%ﬁ’gdt oelf%laergﬁﬁﬁndary,
6ihi cfrom eigldsfrent tewardsrighy sierors) Ieft and center. W vvoul d like our

ew center, fynction.to have m | ar beh r al o W\ _can
@ra\live a co%lrleat‘t 5‘;‘?% gﬁ’@e?\{&% fqlr coétl%%ﬂg Bgt appp rl%"ﬂg qé%]ueofg% signal§|di ng
@n agath thesd oﬁﬂ{g:fémlgﬁa}gym n (in I\/at | ab notation): center _fix tbl

= 8*(corr1 1); CL = .42 - _42*GIr) cs) + center fix_ table(xymn) CR
42 + Ger&@;)s TeSPEREIVE. tp.shet@mp@(twma om) gzid Ihiech oomiparing means for t he

nt | | t left.

T BB B Be B2 UL i AP EfBH T R0 ofimdi®
ﬁﬁerfbytu,p ttsSdBas!onwrb,y close to the inverse of the | eft output. (The val ues

the csaxi are i nverted VW now consjde n |-V a encoder
G er neoa~ EO5th Fofpiite mels fRsolRuarios the ihabe X} relitfae ket eeho
g¥cotles wfbem—fotma Bxdtighesueionddsindid sidibals!applicdisss A0 vearaPaua fifther e

are two npjor, g aIs or this encoder. Firstly, it should be able to encode
69 5. mpWLtaTaN . a way that allows the encoded version to be decoded

70 means responsive to the output signal from said fourth comparing means

71  for reducing the gain of said first and second functional attenuators by up to

72  2.2dB when the two surround signals are similar in arrt_plitude and in phase, and
.78  for increasing the gains of said third and fourth functional attenuators when the
74  two surround signals are similar in amplitude but in antiphase, thereby forcing
75  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
and in phase in both A and B outputs at said first and second output terminals
respectively. '

1 O O ke W N =

S
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by a Logiwo §g/g8g9der according to the present invention w 'PETH)SB!;/E‘@%

i naccuracy. Secondly, the encoded OLf Eéjt shoul d be stereo conpatible -
that is, it should 20 sound as cl ose é possi ble to a manual two-channel
mx of the same material. One factor in this stereo congati Blity should
be that the output of the encoder, when played on a staﬁjr stereo
system shauld give idegtical percelc}ged | oudnesseA or )
an oriegd five-chgnpeh m x. The apparent positzon I)f t he
stereo=shodl d al so 8e a$ cl ose a'g po 5sible t& £he apparep
therT"i’v?"c arfrel =U'r|'g?nl=-=| =i Setskieons=w (Bt he

Techni que I(‘]I RT) i ' 3

L C ‘E‘nur o

I nv ntor' 5 op| nijon tﬁait_.r.,hagu
r ecqr di ngs—wrere=the—f-oregrotie S A : Y-y n.the,
channeld, —withprinmarily reves§ eLatL_Q_[’l ul_the rear channel 3

difﬂerert encodi ng techr@®gle¥ 10 Aftef a series of tests-atgt
el sewherle, it was det eriRed-g hog— -n_?|ecordi ngs of LS JI
sucdessful l'y encoded iA \ @ st er eoj cofjpafi bl e form whe
channel § were m xeeW t R30B |l 6@ pawerf than the
| evdl hgs been adbpyed as\a staipar® for surroued ghcodiY
thelstandard spe& Li&s t Bal otffel surrdund | eveR/caan be
~ A ;
L) 1 <o
;8148 /| 8 g
o~ =3 <z — |
1= - o

A
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C
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15 speci al
circui tWo
signals are
t he surround inputs
channel s,

ur poses.

As we w ||

see | ater

t he new encoder contains active

#38p detect strong signals in the surround chBRREFE1%fPen such

occasional ly present,
are conti nual
the surround gain is

3

e encoder
% 6dB or |ess conpared to the front
gradually lowered 3dB to correspond to the

us

es full surround level. If

Eur opean standard. 20 During tests with the IRT in Munich it was found that

a particular tape
AES paper (preprint No.
the problemw th this tape.

was encoded incorrectly by the encoder described in the

4402) .

A new architecture was devel oped to sol ve

Al t hough the encoding of this particul ar tape

t he

new encoder

inits

was only marginally inproved, IS superior
performance on a wide variety of difficult material. 25 The ori gi nal
encoder was devel,gped first agga.passive gpcoder, and it perforned
reasonably-wel | ViT-g vari ety I dirput  sTOIEfS:—The :agw encoder, will al so
WOr K i nezs8:: paSST VR-41Bda, [DUT i S spaf martTy i nggnded TO WOrk as:-an active
encoder (i.asgo0ni€ I whi ch the emcodi ng %Eﬁéﬁa§‘ﬁh the types of signal
presented to its inp ; ive circuitry corrects several smal
errors inherent,in-4ag desijgn. However, 30 even w thout the active
correction, the ¢erbo is better t 9%% t of the -85- This Sheet Has
Been Replaced 11#&3#111111411111 111 10 SUBSTI TUTE SHEET (RULE 26) WD

- rous 19 descighe

pro -t r

-p J;e: have-. b ad

99/ 12386 PCT/ USQg418 encoder. After extensive
prioblgap

| i st enj g, rEEVEr NcQdel YR e~r.discovered.
Many, RutownotTatl g : d I ButbZe new
encoder. ForEcexanpie,—wren stergo-signal ssare—<apptied to both the front and
the 5 rear inputs of |bhe encodef Nat—t he sane ilne, the resulting encoder
output is biased teéestar to BheHEront. The fyew encoder conpensates for.
this effect by increasing tloedB fead=ad)i as séj

ntly. Likew se, we have found
that when a filmis encoded -#® #fr ‘seyst'ant TAl ULl ound content, there is a
net rearward bi as which can P&A&tE>=T educe the signal power of dialog in
the center channel. This can be inportant in 10 a film where dial og
intelligibility is of paranmount inportance. The new encoder conpensates
for this effect by raising the center channel input to the encoder

FIG. 2

20
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delay —1Dms L_____Q Laft roar
—— e 1
178 s2~ 188~ 209 Ourput
Matrix LS - e N
o] Variable wariable vanable 210" Loft sido
Output low-pass shalf shelf
r Outpuot
background
control . /s oy
. L90 ~_ 196
180 186 . 206 — )
Matrix RS | wamable vanable warnable 212 ~ Raght side

: Lhew-pas: shelf =
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200 —
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sl i ghtly wipe@fasgdese conditions. The new encoder, shown inpgtRgks/sehematic
formin FIG 40, handles the left, center and right channels identically
to the previous design, and identi cal3l/9/6to 15 the Dol by encoder, providing
that the center attenuation function fcn in attenuator 302 is equal to
0.71 or -3d.B. In acgordance wi th the previous designs ®f encoder shown in
FIG 10 and 11, the.left (L), center (c) and right (R®signals are
presented to inpgt>germnals 50, 52, and 54 of {he—enf@der circuitry,
respectively. ThE€ |gft side (LS) and right side 20 (RS)]signals are

presented to t e—TTIpot—te(m nal s 62 and. 64 respecit+wety—AQ_ additi onal
ncy effects in a5 + AYnx) is applyed to a new
70. _The*C/and LFE signal s passot hhgggh at t enyat or/ gai n

signal LFE.
i nput ter mpal

el enent s 3@ 374, respdctively, where Cis afRlifiga by thme factor fcn and
LFE by a factof of 2.0. \These signals are each applied to both the summ ng
circuits 278 25 the L signal is applied directly to\summ ng
circuit 278 and | is simlarly applfied t lo sunmifng Ty cuit 282.
The surr oy ¢ } applied to thes¢ sumiing ciA , but only
after song whi ¢h appears to be (] rrple ! it really
is. Int ind cHapnel dttenuators 376, /3%8, ,. Zng t he
functlongf 0 ang fsﬁdlrect it he surround ebantel s |tr® o a 30 pat h

(t hrough“phhaSe shi ft T@l eMeEpTS 234 and 246) R t 96 degr ee—phrase shift
-86- This She®tN\Has Been Rapl aced 1111111 1111111211111 | Li==SUBSTI TUTE
SHEET ( RULH Vo084~ 8/ 1839 (e 1o the f.;o channel s
(whi ch préc . phase s 286 and| 288) or X0 a/pg} h with
no rel atiVe ph N asi c enco fcyis ene and Ts Q zero,
so that the/Acti st t hrough the 90 degree™pk |f Thus, the
LS si gnal /g 1824 t hrough bl ock 376 to aj --ua ere it is
5 mul ti plRed™wy~a 09D fac|or, thenp estothe adde ‘l m e it is

m xed W tR the €roS: the httenuabo\404 whi ch has
gain of -crx. {The value of crx |s t p| aIIy 0 38. It CRhtrols th8 anpunt
of ‘negative crosg eed+for¥ = =

390

{sle.rs)

]

1380

FIré. 4

370
LFE
54
R
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each surround channel. The signal then passes through a 90 de 3558 hase
shi fter WOBA23/8d an adder 276, where it is mixed with th@caflf§g§/ ??Gnal S
from phase shifter 10 286 to this agdger, and passes to the output term nal
44 as the "A" signal. As in the previous encoder, when there is onlLy an

i nput to one of the surround channels, the A and B outputs at termnals 44
and 46 respectively have an anplitude ratio of -.38/.91, which results in
a steering angle of 22.5 degrees to the rear. The RS signal applied to
termnal 64 simlarly passes through attenuator 15 382 with unity gain to
the inyerting el enent 400, and then through an attenuator 402 with a gain
of 0.9IFZ as for the LS channel. This signal is then added to -crx tines
the unr®dified RS signal in adder 408. As for the LS channel, the signal
passes ’-?hr ough a 90 degr Sease shi fter el enent 246. and thence to an adder
el errent..280 The R, C and LigEkes ; combi nation in summing circuit
20 282 :pass T hrough a phaseais 0 0 adder 280, where

t hey m=¢ Wlth t he phase- ‘ LS signals to provide the
"B out-put Bignal at te ach of the output signals
at tergmnals 44 an 2 gas the sum of the

squar es:ﬁé the encoder is

si npl e 9 onl at i ¢ when both
surroun@ i nputsgc ares 5.and RS
mputsi@nththe same ; - al l t he S|gnals
at the Bummi ng nodé8 arey Tn tiFe output is .38
+ .91, or 1.29. Thi.gteP %9 actmr of 1.29, or 2. 2dB.
30 Active circuitry (no 0 sRherastive circuitry in the
decoder) is _87_Ilaced ° , t 1\ UBSTI TUTE SHEET (RULE 26)
WD 99/ 12386 PCT/AS@H=18390 |ncI ud int encqggr ,t Lr”educe the gain by
the 2.2dB factor when this situation occurs, i Nt he two surround

channels are simlar in anpli tudeFaj&_r,are_l n

Left Front Right (LFT2) matrix element

FIG. 6
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phase. er'T}% {Eror occurs when the t wo surround i nputs arR166kédhsdch | evel
and 5 out Hase. In this case, the two attenuation factors subtract, so

t he out put IeveI is .91 - .38, or .334gThis signal will decode as a
center. direction signal, at a reduced level. This error is severe.  The
previ ous encoder produced an unsteered signal under these conditions,
which is reasonable. It is not reasonable that signals applied to the rear
i nput termnals should result in a center oriented 10 signal. Thus, active
circuitry (not shown, but simlar to that in the decoder) increases the
value of fs when the two rear channels are simlar in |evel but antiphase.
The result of mxing both the real path and the phase shifted path for the
rear chanh‘ls is a 90 degree phase difference between the output channels A
and B, h represents_an unsteered signal, this being the desired effect.
15 In dr USSIOHS at t7ight | n NUnlch it was noted that there is a

Eur opean _ standard surrou ader sinply attenuates the two
surround = ehannel s by 3dB fhe front channels. Thus the
|l eft rear channel is att§g il i nto=4he left front channel.
This enécHer has nany di #di ng nmul tichannel film sound,

or recordings which 20 s assigned to the surround
channel €.28oth t he Ioud hese instrunents will be
i ncorrectly encoded. _Fb

ks rather well with
W s Segprimrily

] sthr ough
red 1]

cl assi calJsusi ¢,...sud
rever bdr B i on 5
tests to produce &
new encoder of the §né
attenuation when cl as®ktal FoshE '
detect this condition through & orlng thel?%latlve | evel s of the front
and surround channels in the efcoder. A maj or function, therefore, of the
function fc in the surround channels is to 30 reduce the level of the
surround channels in the output m dB7when the -88- This Sheet Has
Been Replaced I111LILT L1LL T1I _f;?t;s 57

T+

| i stening
gthe 25

[ [
(Y] f
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o
o S S N

100
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VITITE 111 SUBSTI TUTE SHEET (RULE 26) . WD 99/ 12386 . PCTNSQB/l%??O
surrouMP 843l s are nuch softer than the front channel® TS8P ry
simlar to that in the decoder is Provi ded to conpare the front and' rear
levels, and when the .rear is |es8 W 3dB, the value of fc is reduced to a
maxi mum of 3dB. This maxi num 3dB attenuation is reached when the rear
channels are 8dB |l ess strong 5 than the front channels. This active circuit
appears to work well. It nakes the new encoder conpatible with the
Eur opean standard encoder for classical nmusic. However, instrunments which
are «£ntended to be strong in the rear channels are encoded with full
| evek. There is another function of the real coefficient mxing path fs for
t he 0 surround cha sNat e that this path, through attenuators 378 and
380 3l so passes throug A : ents 384 and 386 to adders 392 and
394 £n the opposite ¢ - uat or el enents 388 and 390 in
the gaix pignal paths t B@asunming circuits 278
and §82. en a soung front input toward the |eft
rearsi nput, acti Jees the levels in these
i NpuBs TN anplitude and in
phasg, "and u (o while fs is
i ncrEased t®cone B or00di Ng results
% X1 ce, t‘ﬁ]% function

in a®nmore preci se X
is probably nofCess ega@0 refinenent. 20 In
for conparing the

summary, then, tﬁ% :
| evel and phase bet én t a8l s on each side, and for

R
conparing the relative e?%r"‘ T ont a‘ﬂg rear channels. These
circuits arepreasjdy i nplenent n th20form of |og-ratio detectors and are
well known to those  skilled in the art. Depeddert>%pbn the outputs from
t hese detectors, these active 25 circuits 1. Reduce the level of the

surround channels by 2.2dB V\henﬁdi g&al s are in phase;

A-s-»u.

left front left mwating eleanent
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Increa‘,gﬁ obpfsgE €al coefficient m xi ng path for the rear GRIANS h/assgo
suff|C|ent y to create an unsteered condltlon when the two rear

annel s
are out of 30 phase; -89- This Sheet Has Been Repl aced
FTIEEX222220 00 itill 11 SUBSTI TUTE1SHEET (RULE 26) WO 99/ 12386 - -,
PCT/ US$8/ 18390 3. Decrease the | evel of the surround channels by up to 3dB
when the surround | evel is nuch less (-8dB) than the front channels; 4.

I ncrease the | evel and negative 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

I nput to the corresponding rear input. Additional inprovenents to the
encoder are€ tikery_TO rnclude a feature for the front channels spch that
when thedéQQ front 6han?Is are out ,ef -phase the encoder will not cause
the decoder 'to place the sound in-the rear, as-at. present, 10 but will
detect t hgss eondi tion and’ nake the encoded_ﬁhtput appear. to be unsteered
(i.e. a quadmature phase shiMt-"between the A and.B channel’'s-wil | result.)
v%lle t heCpfeferred enbodlne of the invention have be escri bed and

i I'lustrat herein, many ot-her pgssibl e enbodi nents st, and these and
ot her

cations and variatioQs wll be app t to those skiﬂled I n
the art, ym5Lout 15 depéarting from the spitit”of the invention. This Sheet
Has Been Replaced 11l L4111 T1HIT TINIIT] LFLII | -90 SUBSTI TUTE SHEET
(RULE 26) 04- § V% -
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WD 99/ 12386 PCT/US98/18390 1 1. A surround sound decoder tﬁ% &2@E§tributing
a pair BPP&B6and right 2 audio input signals includi ngCHPPE nal | y
encoded and non-directional 3 conponents into a plurality of output
channel s for reproduction through 8416 oudspeakers surrounding a |istening
area, and incorporating neans for 5 determ ning the directional content of
said left and right audio signals and 6 generating therefromat |east a

| eft-right steering signal and center-surround 7 steering signal, the
decoder conprising: 8 delay neans for del aying each of said |left and right
audi o input signals to 9 provide delayed |l eft and right audio signals; 10
a plurality of multiplier means egqua twice the nunber of said plurality

11 out put channels organi zg ~a first element of each said
pai & recei vi ng gggd dek e | reird a second el enent
reCGJV|ng sai d dela J 7 bach of said nultiplier.

5

neans tiplyingd
coef§icient tg
coetd i-diknt

variable matrix

steering signals;

andEi7 a Dl urality of
othyH e R : N out put signals of
a pa@&r ' " e I'ts output one of said

pl ugal ity ogpou N ' g 4ﬁh1@m|e mat ri x

conponents in o@put
themin the |nteﬁ6€5’§
conponents in the oufBut s
25 in the intended directq |nta| . constant total power for
such S|gnaI54r;£ggﬁnle preser hi g@Gseparati on between the |eft and
ri ght channel conponents of 27 non-direction8f @F@ﬂ%ls regardl ess of the
said steering signals; and nmaintaining the 28 |oudness defined as the
total audi o power |evel of nonagL tiin signals 29 effectively constant
whet her or not directionally e [ | s are present and 30 regardl ess
of their intended direction if present.

nagy encoded 24 audi o
vol ved i n reproduci ng them

O
100
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Thi s Shee ' en Repl aced 11111111 IIIIU 0 I I I I O I
111 na R, TR T 1 sUBSTI TUTE SHEET (RULE 26)T P3RS Wo

99/ 12386 PC /US9%/ 18390 This Sheet Has Been Replaced 1 2. The decoder of
claim1 wherein said left and right a/dfo input signals were 2 originally
encoded fromfive channels onto two channels and wherein said 3 plurality
of output signals is five such that said left and right audio input signals
4 are decoded into five output signals which are reproduced by
anplification and 5 application of the said five anplified output signals
to five.loudspeakers arranged 6 to surround the listener. 1 3. The decoder
of claim2 wherein said | oudspeakers are positioned at 2 |locations to the
left front) center front, right front, |ef ear and right rear of the 3

| i steni ng position, sai D ut._Sjgna : pi €%y named according to
their 4 iptended directio “‘to the listener's
position. 1 4. The decoder si xth audi o out put signal
of reduced® 2 bandw dth, : Hliency sound effects, is
provided in addition to t - ;;.Is enunerated. 1 5. The
decoder“cf~clains 1 thru ri ght audio input 2
signal s are decoded int

Pt signals by neans of
analog 3 cilrcuitry. 1 648 i thru 4 wherein said |eft
and rightyaudio in u_v»

id plurality of output
si gnal g Jgy™ Tmeass: SEs

Jd.ry, after first
converting said al. onverting
sai d output signals_ ‘producfEGn on a
like plurality of Ieud B reersfener. 1 7. The decoder
of claim 3 wherein the sald Vv Aty : coééﬁl slents 2 det erm ni ng the
| evel of the rear output signal @ nalntalned at a 3dB |l ower level 3 when
the said left-right steering signal “is of snmall magnitude and rises to the
full 4 magnitude when this signal he magni t ude equi valent to a
steering angl e of : jcnﬁf?--ijg

th

2%
=

iE
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-92 SUBSTI TUTE SHEET (RULE 26) 111" 11 LIELEE ~"1) 11~
99/ 123380 $¥1238&heet Has Been Repl aced PCT/ US98/ 18390 |1 1%
11 1111 5 22.5 degrees or nore, but is. independent of the sai

sl

[
d

center-surround steering 6 S|gnal10/m6a node of operation intended for

tel evi si on sound reproduction,
sound | evel

thereby 7 providing | ess vari at
of the rear outputs relative to the front 8 output

steering occurs in the forward direction resulting in nore natural
1 8. The decoder of claim3 wherein the

snmoot her,surround sound effects.
absol ute val ue of one of the said 2 steering signals is limtg
other of_said steering s s—Taprdfy 3 changl ng, thereby (g
|nproved responsixgpes§/%gn§;ﬁgalc effects. 1 9. The decoder of
wherein Lh each ont quadrant the coefficients 2 calculated f
and rlghf conponents of the input signal are made such that 3
t he sqyaLes of these elenments is equal to one when the center-g
steeﬁ rng°Signal is close to zero, so as to reduce unwanted vari
t he Botal: 5 power delivered to the Ioudspeakers as a result of

10. 3‘:;_hé'31 """"""""

suchsas %3 result in mninal sound s
the Trdnti 3 while retai ning WBX|nun1Ieft-r|ght separation of y
sounds. 1111. The decodéer of claim 3 wherein a new center front
coefficdiefit 2 is nmade dependent on the said center-surround sfj
signal jin
the front 't he.<enter channel

4 output rises to a value of 3dB
standard type of decoder, then rises 5 nore rapidly to reach t

such manner 3 that up to an effective angle of 30 deg

ion of the
s when
9 and

bd when t he
rovi di ng
claim3
or the left
t he sum of
urround 4
ations of
isteering.
Arovi ded 2
ources in
nst eer ed
mat ri x
eering
rees toward

1

T ower than a

he same

nHX|nun1Igvel USed TN Theyst andargl Type®f 6 desoder agof ul T TE
steering, additionally cutting tde+1@vels of the center
signal in the left and right front channels so as to preserve
of the powers from each out put ?fngF d der the ratio of the
the center input signal to the to P r of all other input s
the 10 encoder fromwhich the said |eft and right audio input s
sai d decoder

£gnt

7 conponent of the

n 8 the sum
power of 9
ignals into
ignals to
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11 were qgé%%ﬁgéstherEby preserving in the outputs of th? gesRIsE b sanme

bal ance e e A TP
_._-- SUBSTI TUTE SHEET (RULE 26) | ﬁié}l

99/ 12386 This Sheet Has Been Repl ace €T/ US98/ 18390 111 -~ 1111111 -
1111111 1111111 12 between center and other signals as was present before
the signals were encoded, 13 and al so preserving the bal ance between
center and other signals in recordings 14 originally mzed for tw channel
pl ayback. 1 12. An active encoder suitable for encoding five channels of
full 2 bangw-dt-h—atdi-o—oht-o—t-wo—out| hanne aid _five Input channels
bei ng 3_r§Epectiver |l eft front, center front ght front,” left rear or

surrount,¥and right 4 rear or surround.~dnd said output” channel s
conprisknggleft or A and right or B channel s respectively, conprising: 6
first, second, third, fourth and.fffth input terminals for said left front,

7 centef-.Ttont, right front, | efdgahr round, and right surround channels
respectLyg[y; 8 an attenuapﬂf circuit connected to said second input

term nal” For 9 attenuatingssaid center front signal by a factor fen; 10
first amggds$econd summing/Circuits, saidAi gt summing circuit recpeiving the
11 attenuated center fpont signal frgnisafé St} enuator circuit anfl the |eft
front i %8 12 fromsSaid first inpat termnal directly, and sai & second
summ ng £hltcuit al sg 13 receiving said attenuated center front sipnal and
the right front signal fromsai’d 14 third input termnal directly; 15
first funeti onal /attenuator.®w th attenuation function fc(l, Is) fpr

attenuagiq 16" sai d | eft-surround signal received fromsaid fourth input
term nal5- 17 second funhctional attenuator with attenuation functipn fc(r,
rs) for 18lattemmting said right surround signal received fromsaid fifth

i nput ternfnal ; 1C 20 30 40 30
ste2ning anglie in degraes plus cnes

FIG. 19

. Tear error funchiun pressue

n) 20
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19 third functional attenuator with attenuation function fs I,Iﬁ% for

att enualOri§12386 sajd | eft surround signal received from BEFYSPHHFM i nput
termnal; 21 fourth functional attenuator with attenuation function
fs(r,rs) for 22 attenuating said righe surround signal received fromsaid
fifth input termnal; 23 first, second, third and fourth cross-feed
attenuat ors having an attenuation 24 factor -crx each receiving the output
signal fromsaid first, second, third and 25 fourth functional attenuators,
respectively; 26 first, second, third and fourth fixed attenuators having
an gtenuation 27 factor of 0.91 each receiving the output signal from
sai¢g first, second, E%%Ld and -94 101111111071 11111 111ntld

SUBET| TUTE SHEET ( RUEES 386 Thi s Sheet Has Been Repl aced
PCTRUS98A18390 11111111 fREet h functional
att&huators, respective ird and fourth adders each
rec&@ W Agi t he out put Si-3¥ t, second, third and fourth
fixgé attienuators t hem t he out put signals
froﬁ@sang;eCo'«* ged 32 attenuators,

r es@tP0velvE &l S having a phase

shi functj o

t and second
addé+s res ti o A : : Ui tyigdhavi ng a
phase shift funcb' : ‘ ' dg first and second
sunm ng circuits 4

econ umming circuits
al so recei vi ngJenter ? 3 f ot h adders respectively
and conmbining themwth tHh

B A htegfront 39 input signals
respectively together with t ed cenfer front signal from 40 said

attenuat or cbrcdttdonnected t o0®5aid s€€ond i nput termnal; 41 third
summing circuit for sunming the output signal fbursaid first and 42
third phase shifter circuits respectively to. provide. said left or A
output signal to a 43 first output termnal; 44 fourth sunmng circuit for
summi ng the output signals frorﬁgj@.se}gnd

V]

PN

130

center left matnx element

' 20 A
Ur (45=0) 20
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45 and fqy g%p hPRgse shifter circui ts respectively to provi g%ﬁgggl,lygght or
B out put - signal to a second output térmnal; 47 first, second, third,

fourth and fifth | og anplitude detector means for 48 detectlng t he
anpl i tudes of the signals applied tol34iéd first, second, third, fourth-. 49
and fifth input termnals; 50 first and second conparing neans for
conparing the log anplitudes of the 51 front and rear signals on the |eft
side and on the right side respectively; 52 nmeans responsive to the output
of said first conparing neans for reducing 53 the function fc(l,|s) of

sai d f|¢5L fonctrional— at [ 1romoné to zero and 54 i ncreasing the
functlog fs(l,ls) of sdr%e?ﬁ?%g“FUﬁETTUnar—a%%eﬂeaLgL—iLnnLZELp te one 55
in a co Ienentary nyﬁner as the predom nant signal direction chapges from
left HB&Hront towards left surround; 57 neans responsive to the gutput of
sai d second conpari'ng neans for 58 redUC|ng the function fc(r,rs) jof said
second! functlonal,attenuatorniﬁpn1one tovzeroTR95- Lo -
--. @ -¢ > SUBSTI TUTE. SHEET (RULE 26) 11111111111111 hill 11111 Il K!'Ih WO
99/1?386'PCTIU89$118390 59 and increasing the function fs(r,rs) df said
fouEgh 1 ctloﬁal attenuator fromzero 60 to one in a conplenentdgry manner
as e_priedomi/nant signal direction changes 61 fromright front tjowards
rig &Found; 62 third conparing neans for comparing the |og anmilitudes
of thegfgont fsignals 63 with those of the rear signals; 64 neans
responsive tob the output signal fromsaid third conparing neans fdgr 65
reduci@g*thg function fcn by up to 3dB as the front signals exceed the rear
signalé ,EG by up to 8dB or nore; 67 fourth conparing neans for cdnmparing
the phase|ahd anplitude betmeen 68 the left surround and rlght sur round

I nput S|©-_ s—apptied-—+o 6 5 w. and 70
nmeans resBonS|ve to the ou{put S|§ﬁ frcilf said Ponrth co -arlng Eans 71
for reducing the gain of said fir “dnd S%cond functional attenuators by up

to 72 2.2dB when the two surround | s e simlar in anmplitude and in
EIEE % "

phase, and

Ji

s T
£ 77 R
—El e e
5 O08r _~
S 7
Sost-
nal /
027 ;
OD 1G 20 30 40 80

cs+1in degreses

FIG. 24
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73 for increasing the gains of said third and fourth functional attenuators
when t hWO 942380 surround signals are sinilar in anplitulETH§E8/ 18 -

anti phase, thereby forcing 75 the A and B outputs to be in quadrature
phase rel ationship representing an1ZpI6unsteered condition. 1 13. The_
encoder of claim12 further conprising: 2 a sixth input termnal for
receiving a | ow frequency effects signal; 3 a gain stage of gain 2.0 for
anplifying said | ow frequency effects signal; 4 said anplified | ow
frequency efifects signal being applied equally to 5 additional inputs of
said first ard second summing circuits so as to appearZequalily 6 and in
phase in both A and B outputs at said first and sec;yﬁ output termnals 7
respecti vebgwt This Sheet Has Been Replaced | 1"I '~ Vil il vl

11 -96811111111 1212111 (illl 11111 11 1111 G MS' SUBSTI TUTE SHEET ( RULE
26) WO 9@%2586 PCT/US98/18390 1/16 C* L era ~ . 7 7 LIMFj V V a tJn

~~'s Lb = Bt7 cNd

man
o
~
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vaiue of center
o
[+}]

cSt
//
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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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Tt ..:. 300 cc eft 50 FIG 8 SUBSTI TUTE SHEET (RULE 26) V\D 99/ 12386
PCT/ US98/ 18390 6/16 Cr t zTs c??vo~'.3r ~1J

- 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.
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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. 1is 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 connectedz

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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scaled so the maximum value is one;

40 Left | Jr
. WD 99/ 12386

FIG. 8 is a three -dimensional graphical representation of the square root

of the sum of the LFL and LFR matrix elements from application No.

08/742,460, scaled so the max valueis 1;

FIG. 9is a three-dimensional graphical representation of the Left Front

Left (LFL) matrix elementin V1.11;

FIG. 10is a three-dimensional graphical representation of the partially

completed Left Front Left matrix element in the present inventi

on:

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 fully}‘

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 according 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
function of CS in dB, and with the dotted curve the actual value

matrix elements in the Dolby Pro-Logic decoder;

decoder as a

of the center

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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center matrix elements in prior art Dolby Pro-Logic;

FIG. 18 is a three-dimensional graphical representation of the square
root of the sum of the squares of LRL and LRR, using.the prior art elements of
V1.11; .

FIG. 19 is a graphical representation of the numerical solution for GS(ir)

~ and GR(Ir) for constant power level along the ¢s=0 axis, and zero output along

the boundary between left and center;

FIG. 20 is a three-dimensional graphical representation of 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;

FIG. 21 is a three-dimensional graphical representation of the prior art
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;

08f
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FIG. 26 is a graph showing with the solid curve 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 element

sin(cs)*corrl, and with the dotted curve the value of sin(es);

FIG.27isathree-dimensional graphical representationof the Left Front

Right (LFR) matrix element in the new invention, including the correction for

center level along the Ir=0 axis;

FIG. 28 is a three-dimensional graphical representation of the Center

Left (CL) matrix element with the new center boost function; and

FIG. 29isagraph which plots the output level from the left front output

(dotted curve) and the center output (solid curve) as a strong signal pans from

center to left.

Detailed Description of the Preferred Embodiments

}
i

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 document 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.
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SUBSTI TUTE SHEET (RULE 26) -2goo60 q a3 -3 Pja 5-2-5 MATRI X ENCODER AND
DECODER SYSTEM Cr oss- 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 channels. Background of the Invention The present invention concerns an
i nproved set of design criteria and their solution to create a decodi ng

repL nce Dk fpedR T BBIRBAC A presedt the fost essential featured of the

mul tic haimp#omaﬂtemdodbr andublcbda:soﬁtlmrpiaersdnt inwerctionnahd wallanalké ¢lai st

i ncl udes i nt ai ar a en | and righi. ca ents of
stereo s 903%31; ?gsq@(ﬁ‘%&atvie a@?‘@ﬁe ﬁfﬁergter?@gphg?t‘gg rd or
rearwar dogyi7ag 46p.t he i nput signal s, or when there Is a strong .sound
conmponent in a particular direction, while maintaining high separation

bet ween the various outputs for si gnal s with a defined direction, and while
mai nt ai nj ng, fhfﬁéénﬁr"Q?$féhé¥533ﬁ6£ conponents at a constant acoustic

| evel rEgHngE§§"U the drrectron directionally encoded conponents of

t he -i nput aﬂﬁie)ded:q;imlis;thiacdppiwagldxr millelm:;lestapbe:tlaatconisirsd:ing of tivoat

i nproves the |, bal ance, bef.ween fr.ont s rOV|de snDo h sound
Tor! on dAARARALS BAER, e HR B B A FRt i Eidteom e s e S Ea SR s oo
of a fiviantefarnehtput channels. which are usually identified as center, left front,

H

right front, left rear and right rear. The second part consists of a series of
delays and filters that modify the spectrum and the levels 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 explicit — thei
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
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versian closer to that of a seven channel version. Additionally, this

i nvention concerns an inproved set of design criteria; and their solution
to create an encoding circuit for the encoding of multi- 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 neans of encoding nultichannel audio signals
into two separate channels, and then neans for separating the resulting
two channels back into the multichannel signals fromwhich 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.
Anot her inportant goal of the decoder is to extract five or nore separate

channel § fr.om.a lftc}‘)‘%r(gi] ?{gﬁﬁ} véﬁu !J?@%]daﬁ?gr [l seGRERECPhedd &Hv%nftio‘fﬁ,

channel "origina tlng presentation nust be at |east
as musi daide)alscabeai uhechndtlmqprgvadulsaUaS Phterds iagidiRatenbd pplizations cited

present atl -2 REPLACEI ti VENT ~ Y, 2000 The.

P verti an Plis.Adetnemy Bsramseamenin oo thy Metgl, -ognres, Wik =55 Bey
vari abl igfhghishe@ehy | fHeSRiss: ofl & WHeAntUBEIRY Thod W) Wint B6AL and by

i mprovenents, this disclosure makes reference to Giesinger's U S Patent

No. 4, sas_iesmg(tilgs@)hnm dauationgwill becprympered. 4o digdngpiphythesnfrom s

Pat ent atent;

t he Jul I\belgg Qsé%n?@%\é%t?@%ﬁgn@ap g d %’vpﬁcéa? %%%El&d)e f0885% %‘éﬁﬂe%g&r%e er enced
as the Hﬂsynb@ﬁheaeml I cation; and the Novenber 1996 Giesinger U S. Patent
Application 8/ 460, referre 0 Aas _the errbr "~ 96 | ication.
Conmer ci al %ﬁg o](r)\ WKU%‘ f%édedbt&‘ffge{ S‘éé}eo"‘a lﬁ ' gtAB%b‘fai%Ecﬁ't' M owil
be ref erggr94s,260s sKewsi £blodk lllaéﬁ&n\b'l' fihle) firSOrﬁ’arf: LHﬂ iy deBgde?y RTEWLS Wer e
di sclosed in the Provisional Pate Application 60/ 058,169 fil ed Septenber

1997, wirhemngd [tp five channelcmatyix %\% \I%h% leff halh of BJG-\b porsitionpdhy @er si ons
V1. 11 ang ¥zaP dasidl1ihBSHOWRSE Pheans for deriving the two steering voltages I/r

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
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I nventi.on, will be referred to collectively as "Logic 7" decoders.
Addi ti bnal technical references cited are: [1] "Ml tichannel Matrix'
Surround Decoders for Two-Eared Listeners,” David Giesinger. AES preprint
# 4402, COctober, 1996, and [2] "Progress in 5-2-5 Matrix Systens,"” David
Gi esinger, AES preprint # 4625, Septenber, 1997. Summary of the Invention
The nmeans enployed to realize the two goals of recreating the original
signals encoded fromfive 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 desi gn phil osophy that produced useful
decoder pAEMINES Part o ? ﬁ‘ﬁgéqz Elll\@_hé Tlcaglo%lﬁé(smlﬁﬁﬁgvxﬁfelﬂéﬁﬂ%se

i nvention IS concerne t e realization of an active matrix having
certai n foropdaei eWet pmsemmhuszd'ormlpsgchphm&@t axd giee 2orexplenation

anot her aspect it di.scl,0s uency dependent nodification of certain of
t he out pﬁ’t’s&’(%ﬁ’fﬁ%“% § tﬁ}% >§P ‘In a further aspect, it provides
active circuitry that encodes five input channels into a two channel out put
that wll performoptl mall both wth standard two channel equipnent, with
decoder s2aédrief dos > : : ag@% h i ndustry standard " Dol by Pro-
Logi c” deCOdQ’[sSshJ‘Eﬁ Lee! | thé §tée'?‘u{)§§rbht%%3§%yé ¥R dieadlised oV i Ng
matrix elements that vary epen I ng O I rectional conponent of the

i nconm ngtheslogazittbm dfithermttia of iﬂ:ledeﬁ:nhpubaxqphtndemthelamm} 92dottberéghice t he

| oudness, of ., dir nal | y _enc d sig p th t arse,,hot _invol ved
i the P ARPRGRIE AR tekmiRal 03" shoRs Topdti@h et B%p HieChurnal <
i n di recain@lisuddsé thé alfferenca\amlmetdlden I&ﬂlﬁs&ﬁib@n@ghé Bmatrix sleARGtdit et i on,
whi |l e preserving at all t| }1e Ieft/ri]ght sep?ratlon of other signals
t hat nay%‘vﬁf’é%rgﬁo eXPress §6ﬂﬂéi ¢/s#s angles that vary from +45 degrees to --4

' 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.
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at.:the,inputs. Mdreover, 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 elements in accordance with the invention are designed to
preserve as much as possible the energy bal ance between vari ous conponents
of the input signal, such that the bal ance between vocal s and
acconpani ment is preserved in the decoder outputs. As a consequence nmatrix
el ements in accordance with the invention preserve both the |oudness of
non directionally encoded el enents of the input sound and the |eft/right
separation of these elenents. Additionally, decoders in accordance with the
i nvention inglydeihe éeﬁgﬁt&g’:—kﬁﬁ aﬁ'd'%&;ang t%hMeé‘wa%ﬁ&@of[%@&yitgﬁﬁendem
circuits that inprove the conpatibility o eco out put's wh

st andar cba seexctlmtridle stanafithle absobiteywedue ofi bt and ny eannoihke geeatevkhdnout put s
fron1tmo channel . decoder,.}o f a se cha coder,
and t hatADaeTors b8 SITeh FERsR e feapd Eh dRRm & sRRIAEe b OHRSHH bR 1Be

decoder Iseus bRabi(L)-abE(E) LUEAr66s. 3R M put Sighal fRdtSprodiRes el ealoTd
direction froma seven channel decoder. Encoders in accordance with the

i nvent i o andes that lieplang khe bewndagyyef this gurtace is ully leapkizedy) thatpist
channel ﬁ!?ﬂﬁi‘m t
partlcuﬁgFB%%%%¥gF§¥éﬁghh éﬁ%rgyﬂ%%ggéﬁ?&mfa)ﬁnﬁ Tﬂ%ﬂ ﬁ?égpreserved
in the (xlm'pchmnsuch that the direction of a strong |nput is encoded in the

phase/ anpl it ratio,.of .t he out ut sign such t r Si nal S can
be panned beh&é‘ﬁ s aRplicafiop we wd ?‘@ﬁ%’%ﬁ%‘d rusé'irﬂ}h §TRE d’?;}g’l‘e & pe
correct |eleﬂie&ﬂ§tasoﬂﬁidt¥o1@§1(2ﬁdﬁd;h1é rtu@ddi:heﬁﬁonde@ﬁ&faieat 37 &l dhe -
applied to. the tvvo rear inputs of the encoder will be encoded to two

channel deriyation pf thg matrixelements wil pedifferegtindbp dour aepdrents pEthigput s
Wil be Qies&d.veth JMARR BRdS %@dﬁ{atem l%&'émbﬁté’%ﬁgd&ﬂ‘fé%n@ff %@Eﬁb@ﬁcor di ng

to the invention such that 1n-phase inputs to e two rea
encoder d,ﬁnelndpng@mhether 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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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 w |
produce outputs that will correspond to a non-directional signal for
decoders according to the invention and to decoders according to the Dol by
standard, and also such that |low | evel reverberant signals applied to the

two rear inputs of the encoder w |l be encoded with a 3dB reduction in
l evel. in the two channel output. -5 REPLACEM i ENT SHEET 0 2 NMAY 2000 7 'i
,.Y... Brief Description of the Drawi ng The novel features believed

char acteristic of the present invention are set forth in the appended
clainms. The invention itself, as well as other features and advantages
t her eof der st.0o b (o] il | ed
descri ptif SQuWCYaaePW%%‘}Qr 5’11'?\1/3 Ce*;r?bo é} ?Q%?%etr %%Jd]?ngntgi:%g%gg?fl g‘?\ Wi th

t he aCCOﬁ‘BSﬁ&hBﬁlddfxéﬁ\dm éilrguite s th\M’;ﬁiﬂeﬂshﬂ’ﬁ fetwlonks1 20 hitahle mgheamltel c of a
direction detection section and a two to _five (‘Sﬁpnel matri x section of a

decoder %ﬁm?tdl% indHhel p'rbé%h@eprﬂﬁ?ﬁﬂbﬁﬁ inplly S. feateph ArRlisaFion Net s
further 4@ ﬂlﬁot%g%qﬂg Ei's@hs@e £ bl ock schenmatic of a

five-channel “frequency ent acti ve S|gnal processor circuit which
may be conne®@i€d Beshewsn Mﬁve)m};amlo%ltdnm mﬁatthbxaéﬁ(tidnni ffequemcyl and

t he decoder o uts; EIG is a_bl. ck sche sev channel
frequenc‘g" déé'geﬁﬂ'é’ﬁt‘tsac?ﬁ%e SigFHits p‘?%c%%gg}av\ﬁn?ﬁ?%mﬁ?r g?nativgl y be
connect effe Behwfsﬁdw@m@hawoﬁ- i9Hep&iedemt drl thedtebring vallubs [pard &N Thiehe
decoder out puts; FIG is a _block schematic_of an active five-channel to

t wo- chargisguits newephab@emq%@utreome Kixgte im bekh afivg channel gnd a seven
three-di {irﬂaécoa f‘mﬂe dit aﬁ%ﬁé}{lgﬁté)ﬂl% tth'éeapg:;'rgfxt %ﬁdnés%fJf thleONt

Left (L rx e errent rom-t patent and Pro-Logic, scaled
so t he meedrnchannelado be mdgusted when the steering is neutral (Ir and cs 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. -

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

REPLACEMENT SHEET

L
| 02 MAY 2000

| SN

b et s o e f0 T



FI.c 6.is a three-di nensional graphical representation of the prior -art
Left Front Right (LFR) matrix elenment fromthe “89 patent and Dol by Pro-
Logic, scaled by.71 so the mninumvalue is -0.5 and the naxi numvalue is +
0.5; FIG 7 is a three-dinensional graphical representation of the square
root of the sumof the squares of the prior art LFL and-LFR fromthe " 89
patent, -6 REPLACEMENT SHEET | 0 2 MAY 2000 , scaled so the maxi num val ue
is one; FIG 8 is a three -dinensional graphical representation of the
square root of the sumof the LFL and LFR matrix elenents from application
No. 08/742,460, scaled so the max value is 1; FIG 9 is a

t hr ee-di nensi onal graphical representation of the Left Front Left (LFL)
matrix element in V1.11; FIG 10 is a three-di nensional graphical

represeng Qtsli%EhIOiQ& 'Lﬁm@ﬁ%éf‘ éhx Lo cQIpbatad %@Jr{% t%rsetlokstéd BBh{r & tﬁ'eerLrgEt

in the p ese I nvent1 on: Is"a grap OW Nng behavi or of
and LFR lnstehlee, preasif bheiriavveal panitiahda to thﬂldeaThbmndiﬁre)d lpEitsvgenundft and

full rear; 12 is t.hr ee- di nensi onal ent atj.on, of the
FUlly ' C i Fiahs e hng, iARA e pPTAtR Lo FiALe e i 00 TR USRS

i nvent i oAd@tiovdlcderhifs’ 8Mthie cllﬁfutlt WAl beFgftenltn i 18tdh E@&l&i rgnghignal
graphi cal representation of the ful Iy conpleted Left Front R ght (LFR)

matri x edisgdosuren the present invention: FIG 14 is a three-di mensional

graphi cal 1 eRgsey LAbLATY olVi%, LARLRPILABH Uicthe HURlenkFla A e

according to resent I nven nsi-ona
gr aphi caélemmtssﬁmbefdrerthefﬁtdmesaplﬂaﬂﬁersrlcsz 1844 hSSSGBﬂthtehEaSqlthbes of

LFL and LFR cording tq.1he, nt invention, .includi.ng.the correction
Lo the rEBReniEcaRonGBBQLERe pigh ARLFeagautpELs whendhe fieptink i PERtFalifEu ng
Wi th thepos@laird, Cdlga‘fﬂ E&?tr%ﬁ@ﬁeby”%é'ﬁaclférﬁﬁﬁat Soh il &'@%‘dl hde umed in a

prior art Dol by Pro- Logi ¢ decoder as a
attenuation also results in a more forward sound image, and can be adjusted

tothelistener’staste. Asthe steering represented by the ¢/s signal 196 moves
totherear, 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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function 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 O 2 MAY 2000 cernter 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
elenments 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-dinensional graphical representation of the square root of the

sum of the e RR ng the values for GR and GS according
to the ;{‘ GefeRl dealti E on ¢t} elé &I&J a t hree-di nensi onal graphical '
represent at i M Gof4 "shew@ral brochrd1ag£s‘anttﬁ‘raﬂ,ehbodeﬁi_&lesrghéd xoealuwtorniticallyt he ~ 89
pat ent four channel (and the c decoder) . whi ¢ch can

al so r epdk & mput wrgtm t‘(wtp%t:gwnél%lrﬁﬁ apghitecfure isauTte; gt

i nt er chagigitent! ﬁ*cn?ztlie'S e%cbbéﬁedé%'cmﬁ' Phay. IS aNPA Rt A‘ﬁBH%ﬁﬁ%atN&“ of
the Center Left (CL) matrix elenent in Logic 7 V1.11 decoders: 23 is

a graph G3/84R#H0x The ohiect ofithenewdesign 1eéntpe'es€1ne|mhe muhmhblalmqeesnuat i on
needed f o
(¢]

B ariat ey Eaamher AR gnal il b Sl diold W A ARG Kied PRCENS) | (

gr aph shihis ordgitial ﬁvbhhaﬁﬁlelstochﬁemridﬂredlhyetaie dueoter. Tleé pﬂmiazhsi éficdder t he
"filn te accor n resent invention, e dashed curve
a val ue Wﬁﬁnaﬁakgog}sgg thara 9V%Bﬁﬁ%ﬂmpaﬁaemer%s h £hogratiade 4epd tor ho
center a{diiBveihéde ddils t'f!?e ﬁf@s‘%@%ﬁomk‘%ﬁgﬁmﬂﬁnﬁgﬁ 1&9@3?}‘ irﬁﬁ@rta’ﬂtG 25
shows the center attenuation used in the "nusic" strategy in
in the encoder. One of the primary purposes of the encoder is to automatically
create a two channel mix of a five channel recording. that will play in an
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
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present..i nvention; -8 REPLACEMENT SHEET 0 2 MAY 2000 FIG 26 is a graph
showing with the solid curve the value of GF needed for constant energy
ratios with the "nmusic" center attenuation GC of the present invention,

wi th the dashed curve the previous LFR elenment sin(cs)*corrl, and with the
dotted curve the value of sin(cs); FIG 27 is a three-dinensional 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 | pk fe The

desi gn preeireigho e, OBfLEE0 P IR Brvebtfor LR IrEu Rl P Bedodel?

previ OUShdeﬁrgdeaﬁ;amutmhmxaﬁluab ste Togstiirted hasngodreducendirectipnallyt i s
not possible wthin the bounds ,of a docunent, of read bleé%engtq tg,

conpl et etReodass apfi compopents ipoputRuts which argnotrginestly {heelyed dfent
coher ent ﬁ%omlbin% RhERSHL tlt\s?*fr?teh%d@%&cﬂlaﬂoéﬁﬁgﬁc@ hﬁ@:&@fcﬁla@lfy éfGoddRsi gn

phi | oso show mat hemati cal sol utions to the probl ens presented, and
make cl aalméloo:mmhenemsl mthmwtplﬁs vah:@hmeghma¢tly\nmh01tVHdsnfnemmguc1tntg may be

useful tg cons reviqus fi 9s .on C but shoul d not
o essentdin in Ebp bl odtion e oo B Ralt it nBtaAtole pitket g ¥, e
Jul'y ~ 96signals; Nevile peeser¥in g high sepaitiordbetwéen Heplefvaad right shiomnél onal
patent application has |ed to additi onal c{'rprov nts that ~have not, yet
been - QCQQEPEEEE@@WOIBF‘E\?F 1q;1 smx(a sgggardless of the steering signals; and

maintaining the loudness defined as the total audio power level of non-
directional signals effectively constant whether or not directionally encoded
signals are present and regardless of their intended direction if present.”

Most of these goals 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‘t)le 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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| -1l disclosed. This application will present the nost essential features
of the' inproved encoder and decoder of the present invention, and wll
make clainms 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 i nput
channels into five output channels. which are usually identified as
center, left front, right front, left rear and right rear. The second part
consists of a series of delays and filters that nodify the spectrum and
the levels 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 en channel version of .the decoder. ,is desired.. Ln. application
No. 08 T A SRE et g b et IERERGLCEH et bS oot ered tnithi diaRRFBha

channel s wer gndpIGYed thé AFbAD iﬁ?ﬁttéigﬁals R2IC £Hd RiarkXapRi&®Btinput t he
original matrix. In mathenatical equations describing the decoder and

encoder Wanyimals 5Q0582tand Sdaesneativolyods apdiR ap divertbnte bhe afldern898
i abl ' ' ' . i,talics ile yecto .
var | 01 oy 3RS EoptALbRRLAMPENLE SR ek Fb SRt B A45R Trodp 1,

bol d uppsettenaatort3TEbeldrt beinghpplied so ingits ofbotk adféis@ Eand EB2Thenaned
out put chanpel resulting froma naned input channel wll be shown in

nor mal USFeireguency giiectssigpallifiep eugh agapn ak2 Pringlement 374
describ 5 m ' represent products of two
separ at g&&g?ﬁhp %Q\ggﬂegg;lbeusm a %hegﬁ%?g?zl'/r and cls do in sonme sense
represent thd'heasurroupid ingfut-sigghls bicarok RScaresapplied dhrowglo $wobimput- 10
REPLACENENT .SH 0] FLAY 2000 in r of _control.sign t.age

deri ved 'felrg}ﬁntﬁ-fsgg%apgt%i‘lol‘g_sp?%tégglycegﬁi}gﬂﬁgﬁgpaﬁﬁwgqub&ggbﬁ%ggpﬁ t he
previ ousthé p&th PRi@ifls attethuadbe 378/ R0k igadh :ffmgs; lah@tthel RStdizRalpasssERnt .
e

Program segnents in the Matlab Ian%ua e wll also b
through a corresponding attenuator 880 with gain fs(r,rs). The outputs of

these are passed into cross-couplingelements 884 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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di.stingui shed by the use of a different type face and point size and by

i ndenting these lines. Equations will be nunmbered, to distinguish themfrom
Mat | ab assi gnnent statenents, and to provide a ref erence for specific
features described herein. FIG 1, which is identical to FIG 4 in U S
Pat ent 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 |Iine shows a means for deriving
the two steering voltages |Ilr and c/s. These vol tages represent the degree
to which the input signals have an inherent or encoded directional
conponent in the left/right or front/back! directions respectively. This
part of the FIG w Il not be explicitly discussed in, this application as

| ncor por srematRass byt teE s LB AR a A ERec ALY, FAShA ohTLTRS eans
of decodgyirfl} él@ﬂﬂéhtssisrlﬁa aBRlpE8 Flferd€hé BhQ&éJfésiaSﬁse béing@d(ofedlénientd X 2

matrix to the right of the 'vertical dashed |ine. The elenents of this

mat ri x 1286t amdRHB,188d det/OAT nfer elements B4 ANk 246. &wplaicmm thehat is
| | nbined with th h
channel * SRBERSREYHHeN ehfinfd UF perk MbtbesSd YUibkpd i 1T BEE A Mot

conpl ex Batdiseuseé&mrthsrme Jdehe rebeld is that théSouEiaiterdf sAmphira 806 mnvb.
08/ 742,460 and will not be di scussed here7) 3 trix elenments ar
funct i ond08f axecansesd 4o c\ag Hhpspopf agders A78,and 282 by 9§ degrgegnat all

REpLAco EN Pt 45t e g3 aeh e B PRI EPLo LR k¥ MIPEE. 17

functio n4 e outpiuts o aﬂepaaisu;ﬁtmrksl 284 apd| 38fcateomow icombined ipsumanemt s t o

t hese | ae. W\ esent se formul a r.apht cal a Lve an
expl anat g(r; %RfP%bﬁ?%ﬁz‘yP T le ‘H"é;pgfﬁ a?ﬁgﬁeg'gma i%t ‘BﬁﬁsghE&@PPfﬁ i on of
the steebf filke¥92483AN 268 2FO¥Embindd by sdmnidic280 €6 producedhied® ésr gightpnd | /1
are derived from .

output signal at 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 surrouné!

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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the |logarithmof the ratio of the left input anplitude at termnal 92 to
the right 1input anplitude at termnal 94, and the logarithmof the ratio
of the sum anplitude to the difference anplitude. In describing the matrix:
elements it is convenient to express 1/r and cls as angles that vary from
+45 degrees to --45 degrees. In the decoders of V1.11 and V2.01 these

vol tages have the units of decibels. W can convert the steering
paranmeters to angles, where Ir= 90 -arctan (10 ~ ((llr)/20)) ...(1a), cs
=90 - arctan (10 ™ ((c/s)/20)) ...(1b), The angles Ir and cs determ ne the
degree to which the input signals have a directional canmponent. For
exanpl e, when the inputs to the decoder are decorrelated, both Ir and cs
are zero. For a signal that comes fromthe center only, Ir is zero, and cs

has the k)UESl ?g'gf e ﬁratﬁ}r *mgdr@cetgihngﬁ fﬁg rdnl o @@ﬁtlobhl N

zero, rees. a sl cones rom
has an I two @haenef st:h&edegateemlamﬁea the 17,0 unpnf. chanmelsdm:{reans |lgffthhght om

the right has an |l.r val ue of e and,.a,cs val will
hosune’ FmBERSRl et el ntiche Siker aHs de et ind thindef Sadrightl has
the propghit dannedd. THE)bvEh ERE 06H8 dRcdb®drt INAR asd 9Hé‘|né1{t decoder iRBGE €€S,
and cs = 22.5 degrees. Simlarly, a signal applied to the right rear input

to the eWélébérrer@m?ée‘E}'%ﬁ%BtebﬁP?ai@Z gndagnads thahvecgﬂrmznslweglmes
12 REPLACRMIEN lorSHERD) Qpank8Ywiiad be FLANGE dEERNAL 8070 Hie 20

c/s and the derivati and Cs, It can € seen un o‘? t he
absol ut eresalltumust bbrthatldhe:appamnttpolsﬂ:ugtsa@ﬁﬂrese tsaundﬂﬁﬂdbgr&@wn tidhehal | owed

s (1) eSS pedho e e T SER Ehis Yodls dspBidied thalgudners |

and es tdslaahddee,tai-englﬁé]e boundary of this surface is fully localized -
that is ng ﬁts of lﬁ Si ngl e sound. that has been encoded to cone from a
0o

parti cul ar ptants Hos. 14,862,802 and £ ol$6,85Qiused meaigix elementaethat of
graphs ofad Qemﬁ?itn‘ilhfﬁ vﬁluﬁmch 2SmipaREd 't6The QU ahd kiiphit\¥h 41 1BIE SWANA!

surface. I n general
theinputsto the decoder were decorrelated the loudness of the center channel
was equal to the loudness of the left and right channels. As steering movedé
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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derivation of the matrix elements will be different in the four quadrants
of this surface. In other words the matrix elenents are differently

descri bed 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 occasional, |ack of such continuity is one of the problens
with the decoder of V1.11 that this application will address. 3. Frequency
dependent el enents The matrix elements shown.in FIG 1 are real and-'thus
frequency independent. Al signals in the inputs will .be directed to the
out puts depending on the derived angles Ir -and cs. (In the current art |ow
frequencies and very high frequencies are attenuated in the derlvatlon of
It and dnputcigedle wapnot preseryed thyongh tthe mabnixs Mathematice analysisever

the matrix i ti are
several iavoalfhyal BoPsBfy MU V. A ihkitFor A the DRES 'odqtpnd 100 ©
depender@r@ndsw|dbsod@s}1her?|agsmllﬁ ?frber Plaeakd?ggaliy, ﬁlr::houghtﬂuseenterequency
dependent, circuits - the se shi t he [ out put
180 i n rehanmel wag t00,aEmgEem Bagy Sf ‘f? 59@?& t@st ﬁm‘fge the™" P
08/ 742, %?nﬂqqldé%t iPSrddEdd HWealt %%é@&v@eﬁ&veﬂ: 'b@lar?cesm p2oble vedrannel .

version of the additional frequency dependent circuits. These circuits do

not havepditimuaprseverefos. tlfem,ecOdmeqﬁMwﬂehn d¢he stendarshBolbar dchd%ﬂé‘nde nt
on the St feat :921 ard inj“cjjgboj{ ﬁécoﬁ%g tha r ;rxhgh r?ﬂé’lg Hgé Str3h %QPTB#.]AE I?n%ﬁ @J) er

purposes Ve Channel seve annel eco er, the
addi ti onedf peteiitENbs 48620502.ha&s appsobinthd cemteescheofnel heust barstodggeretos t o be

(ce>0) PHEHoTye Bowss Plancan FBEOREF OF PAYEr Mans JBUHRIReStoRrPERAI e was

per f or Neglecds a R@Mtirial ig18bI8H [foX thé IRlby &addataa)élbywaﬁmeﬂdsdmnaﬁm Ve
have found with theoretical studies and listening tests than it is highly

desi r abl sounst mix enginger shquldhalwaystlister tedhehalence threpghibednaigix,gio |

the lack of power balance in the matrix can be compensated during the mixing

process. Unfortunately modern films are mixed for five-channel release, anc%
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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the |istener. Thus in the decoder presented here only the high frequencies
are attenuated by variable |ow pass filters 182, 184, 188, and 190. This
is acconplished by attenuating the frequencies above 500Hz in the rear
channel s by nmeans of elenents 188, 190, and above 4kHz by neans of

el ements 182, 184, when the steering is nearly always neutral or forward,
usi ng a background control signal 186 to be defined later in this
application. GQccasional presence of sounds that are steered rearwards
reduces the attenuation, a feature that automatically distinguishes
surround encoded material fromordinary two channel material. Further

el ements 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' redeNedSiHR&T onk tRe bétrtedGilanngl is hstis'eghais om maeehsanyathatHhe

| oudspeak to be | ocated behind th th t ual
0S| on AR o IR BPABUTOREE nBhRR: HRC | By AERBOm MF PR Sund

si gnal s appeXimiitelyeefuaB16vel88nathe dRtef @hlapiel Vaﬁ{d/ theAdt andnaigidet ai | s
of this circuit will be given in a later section of this disclosure. FIG

3 shows eannelsen channel version of the frequency dependent elenents. As
before the fi m 4 9 pper
frequenci es V?&thne SI dttr %’vlou? p%ﬁéerv\)%lg%mtl%] H"'} eee%?rngﬁgretr?teggflr%

f or war d, peegairve thepbwlebé:dlatxycet ilnetltnanipgltmgniaksowmtd ménigniziing 8he cdifex
attenuati,on al.so results i e fo rd and .ca adjusted
fo the | ftircoutdany in all hedther ARbEYs: THIEAEAbER Hprivio e deal Slal 106
moves 1filkBewhess thefidjér @Séf the ceviths cBArneli84or aﬂﬁogZQ&a didlog tfpom
differentiate the. side out puts fromthe rear outputs. steerln noves

r ear war dPegiionsioihanthan the centgr isneipxpssted. Themaian @éa@wbp@epgf lSf i rst
renoved Pf)faé‘é tha Zﬁﬁtlﬂ{bdﬁ&% is E&nﬁﬁ@&%&xﬁeﬁh&%r (% Eﬁ&%’aéﬂe

steering nov urt er'to e rear attenuati on el enents and 206
i s t hen manystyesdofapdpulacr mausind - fiiee front image is narrowed. However the

advantages for film — minimum dialog leakage into the front channels and
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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result:.is that the sound noves snmoothly fromthe front |oudspeakers to the
side oudspeaker(s). and then to the rear |oudspeakers, which have a del ay
of about 10 ns, produced by the delay elenments 202, and 208. Since the | ow
frequencies are not affected by these circuits, the |low frequency | oudness
in the side speakers (which is responsible for the perception of

spaci ousness) is not affected by the notion of the sound. Again, a |ater
section of this application wll provide additional details of the
circuitry in FIG 3. -15 FEET EM1 Ei T F;, EET AY 2000 4. GCeneral
description of the encoder FIG 4 shows a bl ock diagram of an encoder
designed to automatically mx five input channels into two output

channel s. The architecture is quite different fromthe encoder described
in U S ofPfieipudapbiBattaipdiin the@érte? otfiput Then dbjeithier of thditwoethetesi gn

Is to preserve the nusjcal bal ances Qf_thei%%ye channﬂl original, whi | e

provi di n&%é’&‘ép‘aﬁ'ﬁsli‘hiédé@Eé?yt%ﬂhh%ﬁngt Rﬂsit@Y%&? .“Pi‘\fé thannel s to be
extracted by Tﬁﬁ&%ﬁ%ﬁf&ggﬂ?ﬁ&lﬂﬁ&?ﬁ ﬁiésceﬁﬁgpgﬁﬁnnaa&n%cme!n%rtog:@ﬁﬂesﬁroﬁyt

t here have been i nprove e nethods used to ‘achieve these goals.
The presalthtréofront sperlieral arshlimiting the shéegimhg actipn wthemtthejcantdrds der.

One of the pripary.pugposes,of }he.encoder is tp aut tigall create a
t wo chanrfﬂ'}doeﬁi 'g‘aa&f th?? #'ng?‘éﬁaﬁmtpgpg’c@’}r&snﬂ% tq ﬁgtex\ﬁf ¢t oé'yally Bugs &
or di nar y niydic.C hBBtIE leneh@é® Tivd-thanhyl maLes anldi 6t ditagy aiwd-shasndlhmikés/ e

channel original. The new encoder design includes active elenments to
ensur e t Haeade wiith @ ptahlpasrnters apdcadadnate sgparptionqbetweegythe senter

November cﬁ%n@ptah'gc d 98tt BRa rﬁg%éesm@e Hak OWATikE Ppievidl AbSode?s DhPanned

bet ween any o Ive I nputs t he encoder. For” exanple, a sound nmay be
panned f separakion kéitwdenocentenpmd left ahd rightis deliberatejyunot vémplatee A

resul ti ng. two.channel siqgn i S,decoded.by t ecoder esagrihed .in this
appl i cat ?’(ﬁ?\gﬁ fate gg% F? c%%f%?lr%%%&ﬁ ??tg l%%é?én?%%tfgg&o%egﬁeﬁg i i E‘(f ﬁl’ b codi ng
t hrough aet ehelothér sy axouwhdlePodatiusic | thedhigh Iatetdlseparatien ahd stablegi nal .

front image that this strategy offers outweighs this lack of complete separation.

Listening tests with this setting on films reveal that although there is some
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
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A-detai.l ed description of the encoder will followin a later section. 5.
Designgoals for the decoder active nmatrix el enments The nost basic goal s of
the current invention are identical to the goals of our previous decoders,
particularly the one described in U S. Patent -16 REPL ACEME T SHEET 0 2
MAY 2000 Application No. 08/ 742,460 - "The invention is a surround sound
decoder having variable matrix values so constructed as to reduce
directionally encoded audi o conmponents in outputs which are not directly
involved in reproducing themin the intended direction; enhance
directionally encoded audio conponents in the outputs.which are directly
involved in reproducing themin the intended direction so as to maintain
constant total power for such signals; while preserving high separation
bet ween (et fidl resa) dheilghit oxhightdront oufmnichad aof output@dBelgssdhah thegnal s

regardl ess of the steering sjgnals; and, .mainj.aining the |oudness defined
hs he & SRAeoRORNIS 36REPuTRb IR ghe e RO R ERD AP oLt ape T PR 0 |
const ant sy @l difified toNimih 4 E bb @R Ifk ¥m Y HOARMt WheNAtEehg iBrASerHeraNd
regardl ess of their intended direction if present."” Mst of these goals are
ost ensi bbgtwern left pgarand pightreatiecoders. The novelty in this application
lies in part with knowi ng how to inplenent they above rule nore
accurately, and in part with knowi ng when not to apply the., above rule.

However fuimprbvéinentetdtitoteayymatrikielefnets ent Application No. 08/742, 460

is retained. e.of the nost ,inportant of ihe previous goal.s is,th
explicit mai %éﬂ@é"’ﬁ?mﬂ‘zﬁ to, 5?*}1’0?9“55%'&&“%@ i gogﬁﬂu’??‘b‘m‘g@hannel s
of the gp¢iARkoHBFEIcaRlikt&IdThie8dEmpréverRéRtd covbedtotiridlinets idvyhrder s

are unable to maintain separation in the rear, because they provide only a
single reRtinyigmidhe mptrixelements aexosadhe boundasiashetmennranadraats.

COMDY O ey 3ARRRABEAVS He F5Hx WlheaAvARROASEr P ol i Alsbherod

application neets Inasimlar way as V1.11- but it
meet s adsignadsahdepedrious comditions. The iratlernaliop] descriptiomof tigsmaseix460

al so_deseil bes 1RY o311 lon 1 HR) QUERRIL tnb8e LRErFishohss: SuCh as circuits

to i nprove the accuracy

i
3
2
H

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
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st.eeri:ng signals, and a variabl e phase shift network to switch the phase of
one of the rear channels during strong rear steering. These features of

t he decoder -17 REPLACE "~ NI SHEET } 0 2 MAY 2000 V1.11 are retained in
the new design, but will not be covered in this docunent. In FIG 4 the
front input signals L, Cand R are applied to input termnals 50, 52 and 54
respectively. L and R go directly to the adders 278 and 282 respectively,
while the C signal 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 SEhiyfjeeifiedtion ihdMatlab dr8atésymatringtdfaepaiimbersowith the walisor 378

h in fs(l,I t he, i | h h, . di
et enaatehonste a0 rThs VATieble RipauAeh Al hen yalust. 1 desoriPEd BRREEE it o
Cross-copg :_llarqg?l;altgf%g%ﬁ indfviaid) A8t WithiaA eddh Vekfdil @n bOfhceddstd ovhere

Crx is no The cross-coupled signals fromthese. elenents are
fed to smamipwlated. Fed exampihi the expresstyei ve the attenuated; LS and RS
signals fromf,,Ql, attenuators 388 and 392. The outputs of summers 392,

394, are appli ed to inputs of the adders 278, 282. Thi.s positions the
el enent swilksptthe feysthamemberafthesvactey xdokthe yaluedt. Vaxinbles eady alse ( he

v ough THPEGS B WEheR T Bartif TliDERSA R AES ARC i 8RR R,

respect i asslignedinla siindlartvnayrugh a sim |l ar arrangenent of cross-coupling
el ements 396, 398, ,402, 404, 406, and 408, the sumers 406 and 408 having
e

out put s reprg% n)tT}logj left rear and right rear inputs at 45 degrees |eft

and ri ghwilbhassigmt thre yalare, 1(hto thé second resuandrthird eglumn pidthe matria¥h pass
Irouah PheS e Ll PhGAETToR F MRngfE 3RS LA oualh bl
' identical to the description published in reference [2]. The text has been
somewhat improved. The major differences are: '__

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” stratégy, 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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- 18- REPLACE MENT SHEET MAY 2000 t hrough phaseshifterel ements286 and 288
respectively. Each of these phase 'shifter elenents is an all-pass filter.
t he phase response being T(f) for elenents 286 and 288, and (p(f)-90 for
el ements 234 and 246. Cal cul ati on of the conponent values required in
these filters is well known in the art, and wll not be discussed further
here. The result is that the outputs of summers 406 and 408 are caused to
| ag those of adders 278 and 282 by 90 degrees at all f.requencies after
passage through the all-pass filter networks as shown in FIG 4. The

out puts of all-pass networks 234 and 286 are now conbined in sumrer 276 to
produce the A (or left) output signal at termnal 44, while the outputs of
filters 246 and 288 are conbi ned by summer 280 to produce the B (or right)
out put sechprmhelat Baehmutput46n behseegaasa lineat combihatiandftheame isdgsitgned to

all ow stron rroupd . Sj s.to be presented in phase wth the other
Sounds ipete harosiisinhat the tirhed combRati Guare efeacey Bhgelaments in

phase- shid At IntRid phpdrtHed I hitHts RP¥Sdentified %9%1&:%1@%%‘;&%@&? _
signals. The value of crx can also change, and varies the angle trom which

t he sur reflgttersgRafereace [hidas¢ribed afive-ghannplandasenen-chanseldmeoder.

appl i cats 4 Op: f 1 not. ceabl e. i nproyenents,.in the
pr esent ’Fﬁeeér%vggg{o}eﬁﬁﬁv%%}gcht né’telf%fthLfseR@.n {f}é %%@sﬂﬁpﬁqp att%h lRlotfhe

08/ 742, 4fiequentalepeadgnt ipart hef thxedeesdermtsol Hexd anedtil dewéritaf h avel ri ght
front matrix ellﬁggegts V\pen a signal is steered in the center direction. W
| ear ned FHEAR QAGEPRYrwo. problens with the center channel as

previously engqsedvadith fRerd9thmdiis tfﬂ%&twgtih\gea%l d&rcgméaﬁi'é% Behfldfor gF @ five

channel matrix systemthe use of a center channel is inherently in
conf | i ctomit sixiedemgnts —theeantenelementss thetwolleftifront hlemaents, anddhe - 19

REPLACENENT) HEE 6T ofbofetth THON A% oRARSAE Sun Hud f BB bh b Yebth RuRpfRUCE 2

sensi bl e output fromconventio
switching the identity of left and right. These elements are:

CL: Thematrixelement for the Left input channel to the Center output
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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t wo- charnel stereo material, when the two i nput channels have no left/right
conponent the center channel nust be driven with the sumof the left and
right input channels. Thus both the | eft decoder Input and the right
decoder input wll be reproduced by the center speaker, and sounds that
were originally only in the left (or right) channel wll also be
reproduced fromthe center. The result nust be that the apparent positions
of these sounds will be drawn to the niddle of the room The degree to

whi ch this occurs depends on the | oudness of the center channel. U.- S.
Patents Nos. 4,862,502 and 5,136, 650 used matrix elenents that had a

m ni mum val ue of 3dB conpared to the left and right channels. Wen the

i nputs to the decoder were decorrel ated the | oudness of the center channel

was equaaltheughd.dgit drkeosdeis differ Rbin statdardldecodardngfhifidAmnty &€hbRg

noved; forward the center matrix el enents_increased another 3dB. The

ef fect ofhigdpdonen; g asgumecthat; theigbeering djrectiens bave heeni dntarminede front
i mage. | WERRLL: ; t s 2hitke lLght  of

t he soun ?%nage gfgeﬂﬂaﬁlﬁ&gggﬂﬁe;h\xg@%/@%gér)ﬁ@?ﬁ%egem er %%%Ef%e sotegg{rli#gge. u.
S. Pat endirapiibndét)i, and Noe foBtelfront(backd denter!mrrroand) directioar(ts). it had
a mninmmvalue.4. 3dB lLess than the ear]jeryal ues hi s, mni rum val ue was
chosen ofh"? éeeﬁégg glr&cklloln?taé'ﬁishﬁn?‘gg‘???{’iﬁ‘?r go/l'éﬁ’f Eﬂﬂh&ﬂ#%ﬁ%’é@e? ﬁ}ﬂ easi ng
spread tinputsighaitarerfitedfd-that is, BRYtwitahput dhahfeldierlodt&dtedas W th
orchestral mysic. The front image_is_not seriously narrowed. In U S

Patent Appl i CkReBthrdnPYbLonsistsof asingle signalwhis begrodigectionadye
Matrix  ghesuddl shé '%Woeéé%%‘ilin% |d§té@fﬁﬂ&5@@%ﬂgﬂgn{%ﬁm a2 ﬁiﬂ»&%ﬁe
t owed that althoug

Dol by matrix. Experience wt e V1. 11 decoder s t he
r educt i oandéen these econdidionsd theydare snatolindepémdersipat Thle pdehheage ttve power

R e
was V1. lsighal ehe absohite vidlae Oflthy twdagestinganduos muddisav 60250RGId8ES Wer e
al'so in Whrecx)lr thep?rgglgi? i(rllc %.ldlez ’so%let ggo%‘?eltarilzgd Clgar.]ée?'rial along with a strongly
steered signal, the sum of the absolute values of the steering values must bég
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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channel.swas too strong fromthe standpoint of reproducing the width of the
front fmage, it was too weak to preserve power bal ance. The probl em was
particularly severe for the decoder of Mandel - the standard Dol by decoder.
In the standard Dol by decoder the rear channels are stronger than in our
decoder of patent No. 4,862,502. As a result the center channel nust be
stronger to preserve power bal ance. The | ack of power balance "in the
center channel has been a continual problemfor the Dol by decoder. Dol by
recommends that the sound m x engineer should always listen to the bal ance
through the matrix, so the lack of power balance in the matrix can be
conpensated during the m xing process. Unfortunately nodern filns are

m xed for five-channel release, and automatic encoding to two channels can

lead to d@éﬁ%m%ﬁoﬂ\% e bbendhA} HGjéc6s) — thddrhjeetery RATRWE By a@drdﬂgﬂgeni ng
tests showed that Tilns and rnusic require different solutions to the
bal ance steetddsigneb/Thé¢ graphics wegedre iyt Maftab. fssthe Matlab langyegeer ve

the | eft,and right, frant Al from . . ' i on No.
by 745, 456 idediad fosfitn (a6, X6F1BERR ML AN tdauinds thE piple RRMBITE! O7 T
t he | ef theandmlorghthar 6hé axbashahglevaluw Hapefuddpithie willThos b avetlyes

dialog | eakage into the front left and right channels. In the new "filn{
desi gn t992fBBIRG: bal ance i s corrected by changing the center matrix

el enents so ‘évﬁﬁﬁtfersim%air@k'd@@&feris%ﬁﬁgé‘%énm%?ohi’i’i;ﬂébfeﬁ@@i’%rt he

standard decoder as the steering noves forward (as cs becones greater than
zero.) lof theavatuis tota stzongly steeredsigpal hdhat hethe hehavidrof thie matrizent er

T, R 3B AR PR RS BB n R a0
center oitthoskt. Mhacyowstudy réal sipnals Aeitdredilyn dhaiusivieyou Einidthatahel be
oL onger, L e et BTt 0, eader Hhsn st opte, aRpLod maelypcayel
R Sy el MUl ARMEREARSNER pladDEREhtE fRWRASTE HeceritepSThYE T he
power bal ance in the input signals, while mnimzing the center
behavior of the matrix under these conditions 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 —wassimple 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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channel ..conponent in all the other outputs. This strategy seens to be ideal
for filns, where the major use of the center channel is for dialog, and
dialog from positions other than the center is not expected. The major

di sadvantage of this strategy is that anytinme there is significant center
steering - such as occurs in many types of popular nusic - the front inage
is narrowed. However the advantages for film- mninumdialog | eakage into
the front channels and excellent power balance - outweigh this

di sadvant age. For nusic we adopt another strategy. In this case we allow
the center' channel |oudness to increase at the sane rate as in U S

Pat ent Application No. 08/ 742,460, up to a mddl e value of the steering,
where cs s 22.5 degrees. To restore the nusical balance, we alter the |eft
and ri ghitdddiird (MRlbyXdecddethé surrethdidhanne s tFeRtd diffureaiBNhn@thidre

input signals is not entirel renmoved, The ampunt of the center channel
conponenissug wikbe digcugged Fté‘mgthﬂqﬁéﬁ! in ghisgnpicatiom t hat the sound power

fromall the Qﬁgﬁr t I he_j nput
signals - w t%%?@%@% I vge%u ne&ar?ﬁlo%{&ﬁia%%ﬁg%%?%?ﬁi’%ilgrése%zgg fegy al |
t hree fr tinéy apepkesented podtiat ¢he anséeereldaralat ofithe @frthiel on-pers/Maitrixn t he

. original fncoded terial, Thws . usef ver sj on OEﬁft@hi s strate limts
the st eePloMeni&argionany givenshannelisong,Inpracticethasismappts acen YACENVENT

SHEET = Oscaléhh¥02He0maximam Paldle dfft@chéieht i$8Be drNO80CIn Afly EAG, GRY eF

output than in either of the two other front outputs. This 1s done by
si npl y | fimed i prpduct thesiscplingy af theoplementphiss ionablye yariedain dibieng t he

center c . t I ers. .an
T 1 ng e Rt R pPOro PrE Bl diineiies pteleRTab hOR RRARERRBNG |
| eft andto bghktalable b apptopriatescomstahtsent for all types of nusic. Both

encoded five-channel m xes and ordi nary two-channel m xes decode with a
stabl e center, and adequate separati on between the center channel and the

left andlroj Wi lefidrent Haitriddlelenis 8y barBogngeder s t he
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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separ ation between center and left and right is deliberately not conplete.
A signal intended to cone fromthe left is elinmnated fromthe center
channel, but not the other way around. For rnusic the high |ateral
separation and stable front image that this strategy offers outweighs this
| ack of conplete separation. Listening tests with this setting on filns
reveal that although there is sonme dialog comng fromthe left and right
front speakers the stability of the resulting sound inmmage is quite good.
The result is pleasant and not distracting. For this |istener hearing a
filmw th the decoder set for nusic does not detract fromthe artistic
quality of the film Listening to a nusic recording. with the decoder set
for filmis nore problematic. Possibly the next nobst obvious of the

| nprovenent s LRALt=hils @ppGi(eéHtion s the increase in separation hggpeen the
front channels_and the rear channels when a signal is steered to the left
front or the @Eﬁt'—' r8a"Gficsbct i ons. The decoder of V1.11 used the(&Bdrix

el ement s of :ent . 0, f . I, these

condi tions. %%ggugrrg%lrgpx(}e evrrésntﬁg&cig&ngt %xj%}smgﬁgﬁq%éﬁEﬁggﬁrsga#%t%etér ed

si gnal umhdds specified stadbesthticalljhin thel‘9l qmteptsitt varies fivah 10 iy ashet ween

left rear _and, right, r . _\Wen.,steering was.to | eft .rear or, ri rear -23
REPPLACE YAESP f?@&é@rﬁﬁe%{eefmeﬁﬂ%eaﬁéﬁf i Fhe F"é# frot qyagdran H{rﬂn‘g ut put

had an ogs aré b8EBpbEisive) GA@) chR beGhoWibEYBE leGtial 881-PY /P iwhére [A)ardd esent

invention_ the front matrix elenents are nodified to elimnate sound from

the frontllaretherightiangd lekt inpptamplitudes,&x) canalsabe degaribedyin terans . 7.
| mpr ove I ' The dipe .

i X oF boi ekl dflos by YalbERRIAuIY: OHBCPYEIRNE e I EW] T
i npr ovenpatents endesrothear willbeqgiven datier intthis doenmentt feeoFIGhSE ami FIG.

pover baP 20 £ e 4BL PR EepT hEPRS L BRETATR ity gfemen A RiaPterhr 1 ous
condi ti otisrectdimensibaatyiapainsiaberli-anded axest he matrix el enents that will
be given |at elrn .rrt]a?'tlalye%%% t[li?sshésrép rqugg%% S;Were improved by adding the
requirement that the loudness of unsteered material should be constanﬁ
regardless of the direction of the steering. Mathematically this meansthat thef_.
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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8.-:Det akl ed description of the active matrix elenents The Matlab Language
The mat'h used to describe the matrix elenents is not based on continuous
functions of the variables cs and Zr. In general there are conditionals,
absol ute values, and other non-linear nodifications to the formul ae. For
this reason we w | describe the matrix el enments using a progranm ng

| anguage. The Matlab | anguage provides a sinple nethod of checking the
formul ation graphically. WMatlab is very simlar to Fortran or C. The nmmjor
difference is that variables in Matlab can be vectors - that is each

vari abl e can represent an array of nunbers in sequence. For exanple we can
define the variable x in the following way: x = 1:10; -24 REPL GUrENi
SHEET 02 MAY | This specification in Matlab creates a string of ten

nulrrber S aﬂnbhtﬁge etabigﬁgn PBIG o1Te byordplacinghthe #unatiba G(;t)nhia uﬂﬁznailthﬁ ren[rjl

val ues. It |$ escri bed a vector, mat ri X.. An i ndj vi dual nunber
within c2RUAtioRs, Jt kawes(améd‘@éyseédgs? h&mﬁ]fan ke sepulting ezaphof the ppm

SQPLESZ' &\}g&{%méofﬁé Eoﬁ%&téd‘&efxﬁ%& lwneah TR, $hfe &fet&éscﬁbteﬁ béh\“ dual |

es can represent |nen5|ona mat ri x
el ement sthmeqm1m64|a)< é‘bhl)lbdowasm gned |n a similar way: X(2,3) =10; will

assign the v Oto he, se on w _and thi.rd col the, matrix X
The det ai | ed avis A Ve e ?%L}ﬁf%r‘tgﬁ‘éﬂ‘q’?g?f%%l’}?en@
i denti CaihéQeﬂﬂlerﬁﬁi‘tﬁﬁ)hléttbmrﬂlthblléﬂ‘t%rtékFEf erence [2]. The text has been

somewhat nProved The gg or differences are: 1. Reference [2] includes the
"tv mat rFSQl' elathfrontgyuadrapli ure reduces the level of the rear out put s

when the steqpng é%(&ﬂr_yv@rﬁl pput ral. In this' application thyg,

functlon is achiev rou frequency dependent
LFR = -sin(cs) ...(4b)
For theright front quadrant: _
LFL = cos(cs) | ...(4c)
LFR = -sin(cs) | ..(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) | (4p)
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




circuits that follow the matrix. Therefore we have left out the "tv
matri x* correction. 2. The section on the center matri x el ements has been
nodified to include references to the "film strategy, the "nusic"
strategy, and a strategy that limts the acti-on of the "nusic" setting.
Ref erence [21 described only the "nusic" setting, without the Iimt. 9.
Matri x decoders in equations and graphics In reference [1] we presented the
design of a matrix decoder that can be described by the elenents of a n x
2 matrix, where n is the nunber of output -25- REPLACEMENT SHEET }
channel s. Each output can be seen as a |inear conbination of the two
inputs, where the coefficient of the linear conbination are given by the
elenments in the matrix. In this paper the elenents are identified by a
sinpl e cRBRFaAbh Betwrler thé EFont Hedehslacend the rdes habedlawheresitaonel and
a seven-channel decoder. = The conversion fromfive channels to seven
channel smpsicrwas porred to tharear: equency dependent part of the decoder, so
here we ' ' . channel decoder only. It is obvious from
synnetr§g44£§§qa§ﬁ%gggqﬁghg%§%ribe t he behavior of only six elements - the
center el eneb#y =t(eas (csd - 0ef*G[{@oNtbedbstibe)s, and the two |eft .cEa)
béching

el enments. Th jght el S C found fromthe left by sinply s
the identi tyigrfél'e £l (zgﬁri é’ﬁf’eﬁf’ﬁgse el enments are: CL: The mat i el enent
for the p&fihe FpHE froMRIRIdraatt he Center output CR The matrix el ement for

the Right input channel to the Center output LFL: The Left input channel
to the Left EFInt (gaslsa) )iborstife® R ght input channel to the Lef+(8®ont

out put LRL: Lett i fp&digingly to the Left Rear output LRR (ghje Right
i nput channepﬁig %‘ﬁfg{x}_teét}?y&ear Otr}?p)ut These el enments axe not cons(t aEt.
Thei r vdlresthedefieeaxsjumdrant: di nensi onal function of the apparent direction

of the input ug'd(?igﬁ‘lt\_/%%if" &Qitgé/(ﬁ.sr}){)%é{(zgs)decoders determ ne th.t.a(gegparent
[ .

directi on of

LFR =(sin(es))/boost(cs) ...(5f)
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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conmpari.ng the ratio of the anplitudes of the input signals. For exanple,
the degree of steering in the right/left direction is deternmned fromthe
ratio of the left input channel anplitude to the right input channel
anplitude. In a simlar way, the degree of steering in the front/back
direction is determned fromthe ratio of the anplitudes of the sum and
the difference of the input channels. W will not discuss the nethod for
determ ning these steering directions here, -26 REPLACEMENT SHEET
~2PAY2000 al t hough Logic 7 decoders differ from standard decoders
significantly in how this is done. W assune that the,steering directions
have been determned. Here we will represent these directions as angles -
one angle for the left/right direction (lr), and one for the front/back
(cent er/ surr esmtlk) dicor@edj on (cs). The two steering directions are signed
vari abl es. n both Ir and cs are zero the input signals are unsteered
-that is, the two Hﬂﬁut channel s are uncarrel a fd. Xwen the i nput consists
of a singl efExgn2i-48 Bt hadkJeWB &B foH ?"e@éfli“f)ﬁaé’lgf% WRISEHEE the two steering
di recti ons hawe(drei-41; maxi num val ue. However under these conditions they
are not indepghestcorrlfiexy@advantage to representing the steering values as
angles is th when there is only a single signal the absolute val ue of

the two ste&lng values must sumto 45 degrees. When the input includes
sone decor r elSeedfiGred for the plasmef LWFLiresuliing fromp ecnasions58)-¢pla). Netge sum

Gegr ces. AiatEie bt B End sedefng hfiet B A U6ifiel {8 bpfifle pottf BforgeHL 1°
el ement s=qQy&¥ispahdalodignttiedefttal ceptenbouridurye Ndty dlsetls meluictign\ialleesl, t he

center of the plane will haye the value (0, 0) and the |egal values for
the sum & thebeeringpavestotheredfi | not exceed 45 . In practice, due to

the behavi or q9fe pBFoRRIANCE WAhel Makr8h 299 difcudP eah MefirhProviede THeMiréto
exceed 45 - the apgl!lll cation No. 08/742,460 claimed a circuit that limted

the | esprsblem ip in the behaor pEthe sjgering@long thokamarieshayvees leftignd c| ai m
wi 11 not cé}ﬁ:er, and between right and center. As a strong sirigle 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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further :di scussed here. W wil] assune the mathematics for the matrix

el enent's is well behaved during overruns. Wien we graph the matrix

el enents we arbitrarily zero the values when the | egal sum of the input
vari ables is exceeded. This allows us to directly view the behavior of the
-27 REPL-;":rE NAENT SHEET 0. 7 MAY 2000 el enent al ong the boundary
trajectory - the trajectory followed by a strongly steered signal. The
graphics were created by Matlab. In the Matlab | anguage the unsteered
position, is (46, 46), because Matlab requires the angle variable to be 1
nore than the actual angle value. Hopefully this will not be overly
confusing. Previous designs for matri x decoders tend to consider only the
behavior of the matrix to a strongly steered signal - that is the behavior

of the matri XTherQEiEﬂisSoﬂlnyUéuﬂeﬂhﬂthlthddf'yh Ofax@slr Wit ACis. ndiizéré shé
fundanmental .eryror in H t | ook V\henTg?u study real signals - either filmor

musi ¢ - Tk eleanant ghoyld not be hepstad, This prablemi gandesolved bg upingeppyadditivached.
F th t ol ht |
or the Bhsl i felmiri ibrion 8 Bf R HIHINEWY difthe o Hew! SeritleMbez. 4! ONt 1Y

forward cent er behavi or o
is of vi bmhndmpbmltamvablewlditlmcﬁvﬂdmnmmgmdeonpare our elenents to

previ ous el engnt.s seena,  Str. creas the conplexity of
t he surface %ﬂ%ﬂ%ﬁ %nq‘égg?gnsweﬁelf‘é‘h M@‘) %ﬁwrlty which is

responsi bl qﬁm&&@nd%fawmﬂmm@vmﬁofw oMl g 46y has a price.
Qur origin 7 demg{p see the 1989 patent - was sinple to inplenent
wi th anal 03"88 heHAvRged oo new el enents  are desi gned to be al nost

entirely desdffdased24y one-di nensi onal | ookup tables, which are trivial in
a digital inplegeatsliron; Designing an analog version wth simlar

per formance | S ; ?(ﬁgyg %th:@&ﬂm&% {gl%u%vatll n this application we contrast

t he several erent” versions o 1 x el ements. The earliest are
el enent s fromo Jtes Fdgo patent. These elenents were used in our first
surround proce®sdr, and are identical to the elenents of a standard
(Dol by) surraqggd processor in the left, center, and right

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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channets: (but not identical in the surround channels.) In our design the
surround channel is treated symretrically to the center channel. In the
-28- REPLAt ENAE- | T SHEET ter..... +.~ sit 0 0 2 MAY 2000 standard (Dol by)
decoder the surround channel is treated differently, and this issue wll
be discussed at length later in this application. The el enments presented
here are not always correctly scaled. In general they are presented so
that the unsteered value of the of the non-zero matrix. elenents are for
any given channel is one. In practice the elenents are usually scaled so

t he maxi num val ue of each elenent is one or less. In any case, in a final
product the scaling of the elenents is additionally varied in the
calibration procedure. The nmatrix elenments presented here should be assuned
to be scal aldgeeby appropriate constants. 10. The left front matrix el enents
i n our'89 patené*Aggzge that es and Iy are the steering directions in
degrees in &h& 2RINALOY focaprarbriradians i ght axis respectively. In the

" 89 patent ' : ' ' .
the ot t 1rone qaadreshe it abdposftotlR) Sl GRS Hef b bor ™ L
-0.5*Q(cs) thefir8by In the right front quadrant: LFL = 1- 0.5*G(cs) ... (3c)

LFR = - 0. 5*.(5(%&}_. . ((gﬂé{ In the left rear quadrant (renmenber es is
negative): S0l sy cs) + 0.41*EIr) ...(3e) LFR = -0.5*@Fcs)
. (3f) I edhablifkbs(adr quadrant: -29 REPLACEMENT SHEET

cos_tbl_plus = cos(al).*corrl(a+1);
cos_tbl_plus = cos_tbl_plus - cos_tbl; % this is the one we use
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
+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

A

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)

-35-
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0-2 MAY..2000 LFL = 1- 0.5*@Ecs) ...(3g) LFR =-0.5*¢cs) ...(3h) The
function G(x) was deternined experlnentally in the 1989 patent and is
specified mathematically 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 /1I1
where rl and 111 are the right and left input anplitudes.  x) can al so be
described in terns of the steering angles using various fornulae. One of
these is.given in the 91 patent, and another will be given later in this
docunent. See FIG 5 and FIG 6 for graphical representations of the LFL
and LFR matri x elenents plotted three-dinensionally against the Ir and cs
axes. In reference [1l] these el enents were inproved by adding the
requirement {asetrhgtrioelbinentirevaiyatsarly idétical tsitnuéldniznte dnthant ;
regardless of the dlrectlon of the steerin t he C this ans t hat
the rooBomatant.frepsidertherasewhera strong pignalnans ‘e'wéﬂﬁﬁ\ty%o 35k dehe a

const ant. 9 eﬁefﬂ@ﬁt?@%m ﬁ&glgﬂéd b&'tﬁiﬁh@ﬁg i cotrﬁ'ﬁfetE bhﬁﬁﬂ?ﬁlloﬁ Bpieb il t ered

in the |rect|on 0 teering - |'S, e steering 1s ful
| eft, t hiromuthedfiront heft sqmmnb'fwhmshlsrmgnahséuummtbe seaulcd =¥ +48, vy 3dB.

FIG 7 sh he sum qf th res, of se el epent.s 1) tlngthat
t he abové ﬁ["i“g?veé g ﬁg[hqggc godse%SaeHat WOPL‘Qg? gﬁﬁ’irlagﬁee dto&‘ecodﬂ gi

| oudnessghel lefffront outpiit ERouldBé zéFewhehlhel éndvdedisighabieachés 8hongftt he
axis fromunsteered to r%gé The unsteered to left rises 3dB tq the val ue

one, andreerditaciiondesF r22-Banddr 2253 Tha left frgntousput ghoyld remaipgtye 0. 5.
Thi's paréergfastths 8§ aha 2 flkAe o Puntfaar PPRK xﬁétri,@élfemenw %sé@?ﬂ Miircgct i on

| evel is 1dentica t at the center direction. e application No.
08/ 742, 41}197aﬁcth|aedrmseuhmre[—1]rgswb ipdihecoutpmitt inethe Smmaemmm ISMBET 0 2

N, 2000 LA B it (AR SO OB e L

gr aph ofdﬂffeeeﬁums sufficient for good performance of the matrix, butitisnot 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(¢)*cos(4*t)—cos(t)*sin(4*¢) ...(9d)

See FIG 11 for the plot of these coefficients LFL (solid curve) and LFR
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of .t hee squares of the corrected elenents LFL and LFR, which are descri bed
by thé equations (4a) - (4h) below. Note the constant value of .71 in the
entire right half of the plane, and the gentle rise to one toward the |eft

vertex. For the left front quadrant: LFL = cos(cs) + 0.41*QIr) ...(4a)
LFR = -sin(cs) ...(4b) For the right front quadrant: LFL = cos(cs) ...(4c)
LFR = -sin(cs) ...(4d) For the left rear quadrant: LFL = cos(-cs) +
0.41*@EIr) ...(4e)" LFR = sin(-cs) ...(4f) For the right rear quadrant:
LFL = cos(-cs) ...(49) LFR = sin(-cs) ...(4h) 11. Inprovenents to the

left front matrix elenents In March of 1996 we made several changes to
these matrix elenments. W kept the basic functional dependence, but added -
an addi tional boost along the cs axis in the front, and. added a cut al ong
the cs apicited chife) @instlNETHeA%At giRthiheheRFAdINGS dhe to BRhE AbSeddte
performance with stereo nusic that was panned forward. The purpose of the
cut in thfapeint ahd2i5od¢greeasince gl angles in Matlab are integersPEET (c) SAY
2000 separati e r _ r I
stereo - msi hogcsERAeh Wori il -SHATRE1eRpBub il SHauERERRSL I
(cos (cskero fis 8 Yafiesfyohibts 2L (5eddgrees.(We)waht-the o@tputifcsgmainbaiosérol ( cs)

(5b) as the steering continues from 22.5 degrees to 45 degrees (full rear.) Along this
part of the boundary,

LFL = —sin(z) ...(10a)

LFR = cos(?) ' ...(10b)

Note that these matrix elements are a far cry from the niatrix elements
along the Ir = 0 boundary, 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;

-37- REPLACEMENT SHggT

" A ————_.

r——— —



For--the:right front quadrant: LFL = (cos(cs))*boostl(cs) ...(5¢c) LFR =

(-sin (cs)) *boost 1 (cs) ... (5d) For the left rear quadrant: LFL =
(cos(-cs) + 0.41*@Ir))/boost(cs) ... (5e) LFR =(sin(cs))/boost(cs)
...(5f) For the right rear quadrant: LFL = (cos(cs))!lboost(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) ... (6) The function boost 1

(cs) as used in March 1997 was a |inear boost of 3dB total applied over
the first 22.5 degrees of steering, decreasing back to.,dB in the next
22.5 degrees. Boost(cs) is given by corr(x) in the Matlab code bel ow
(comrent |ines are preceded by the percent synbol % . calculate a boost
function of e3UB at 22.5 degrees <corr(x) goes up 3dB and stays up.

I ' h I f 1to 24
" apr os ontris DU 3ERe O P AORL wiiSh derplie it 170 53 200)) " go up 3d

over this r%!nge L2 REP' . ACEMENT SHEET 0 2 MAY 2000 corrl(x) = corr(x),
end for x 20=48pi%48%) B6k down for corrl over this range 24 to 45 degrees

corr(x) = 1 flat 581 rd% th or r%g%_s ’{’gp%%e’%@;ﬁ%ﬂgg for the plot of LFL

resulting from equati oost as the steering
noves tovvarﬁ‘dcenter |s appl i ed both along the Ir
forx = 25:46

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(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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=-0-axis, and along the left to center boundary. Note also the reduction in
| evel ‘as the steering noves to the rear. The performance of the March 1997
circuit can be inproved. The first problemis in the behavior of the
steering along the boundaries between |eft and center, and between right
and center. As a strong single signal pans fromthe Ileft to the center, it
can be seen in FIG 9 that the value of the LFL matrix el enent increases
to a maxi mum hal f-way between | eft and center. This increase in value is
an uni ntended consequence of the deliberate increase in level for the |eft
and right main outputs as a center signal is added to stereo nusic. \Wen a
stereo signal is panned forward it is desirable that the left and right
front outputs should rise in level to conpensate for the renoval by the

mat ri X Oftdelfhg® Brdgiesdedtio- ANPRBAAL Afdigtid 195 &= QUAKIWtand HoWhY afighteedret hod
used to 1 ncrease |level under these conditions should only occur when the Ir

conponenguadrantdhefpoetionds jdentiral to the Polby mekeix. t here is no net left or

L aht . ) 3 i ; h of
1097 was 1 ndBpEIG AR, HbO3le TREREedin PR S b rell bl HART PrisWdBEET, O
| evel whai conjugictiongwithgtisd LFdnnedrixceloment te Keeprider front 88tput at zero - ~

R: PLACEhET SHEET.I 0.2 The boost is opl eeded al the Lr = 0 axjs. \Wen
e noRlong thie REURAETY AS SRR Boos oM 1675 FoRk tb SUL £Ear- ORFS SGFBuNbm o

be sol veghbyehSidibetidn ASHEIINElr LLOMLE AdiinBhbireas! 1SRN GEadidtti gad of a
mul tiply. We define a new steering index, the boundary linmted cs value
wi t h t heeleshéndvisidendiealdp theddolbypmatxix.both Ir and cs > 0 - we are in the

o, Lo S g8l LAJ3VHRGh A bbb IR TSRRUTEL 008, P
I f (bcs<tH¢ ldadruss ih any givdrheu tpartiofumstvedred 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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bcs:*= 1;,-end else bcs = 47-cs-(Ir-1); if (bcs < 1) bcs =1; end end |If
cs < 22.5 and |Ir =0, (in Matlab convention cs < 24 and Ir = 1) bcs is

equal to cs. However as Ir increases bcs will decrease to zero. If cs >
22.5, as |Ir increases bcs also decreases. Now to find the correction
function needed, we find the difference between the boosted matrix

el enrents and the non-boosted ones, along the Ir=0 axis. W 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

34- REPLACEMENT SHEET F O 2 MAY 2000 degrees al = 2*pi*a/360: % convert to
radi ans % now define the sine and cosine tables, as well as the boost
tables for the front sin tbl = sin(al); cos tbl = cos(al); cos_thl _plus =
cos(al) . "Riis lpleé.kﬂa resuds of the géliberate bsosinf thlelsft ambﬁghbbutﬁﬁﬁsfﬂu:’rihg t he

O (o) T s NS St e Gt Bl st v ek iim sy o ¢ ne
one we UgB ornd, &st\bbs BheWesigt Mfvht: THY v4188l ik the rear left quadrant is not
quite equal to one, as the method used to produce the elements is an
approximation, but the match is pretty good.
In FIG. 15, 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 1.41. Note the peak along the middle to center axis.

12. Rear matrix elements during front steering

The rear matrix 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: ‘

For the front left quadrant
LRL = 0.71*(1 - G{r)) . ..(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)

-40-
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The vectors sintbl _plus and cos thl _plus are the difference between-; a
plain sine and cosine, and the boosted sine and cosine. W now define LFL =
cos(cs) + 0.41*Q@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 ement shown graphically in FIG 10. In FIG 10, notice that the new

el enent has the correct anplitude along the left to center boundary, as

wel | as along the center to right boundary. The steering in the rear
gquadrant. is not optimal either. Wien the steering is,toward the rear the
above matrix elenents are given by: LFL = cos tblmnus(-cs) + 0.41*@ -cs)
...(8a) LFR = sin tblmnus(-cs) ... (8b) 35- REPLACEMENT SHEET 0 2 MAY
2000 Th g ﬂ%ggh¥1 enents are very nearly identical to the elenents in the
" 89 paten nsi der the case when a strong signal pans fromleft to rear.

The 89 el ehBiits lweGeriesi gned so that there is conplete cancel{lde)on of

t he out put £h$p1 e front | eft output only when this signal is EH y to

the rear (cs 15, = 0). However in a Logic 7 decoder it 8

desi rab'(ﬁléﬁ%hthﬁ@fmtﬁlaﬁéwdéd%ﬁzdl%ttsfvd&ﬁéﬁes%lknlahdqmm)d be zero Wﬂen

the encoded signal reaches the left rear direction (cs = -22.5 and Ir =

22.5). The | Npte thefhtheDoput elemeents andithe ‘&R elemanysazecplibsatadio bans
further Ehf:ﬂ?%ﬁ March 1997 - the ones
above - eb@s&Hh n releo [ nﬁlﬁél?{g?on?s:ﬂ%%? %:%annel bei ng about -9dB

when a signal is panned to the left rear position. This level difference
is suffigi n{) I _o erfrnance O]:ilh' but it is not as good as
it coul e , A P9 the LFL and LFR
matrix el enmbs)dmybhﬁnéﬁistafeeafmwm ‘89Wtbﬁ9eléﬁénd%§wwlaheut

concerned with how the matrix el enents varﬁ al.ong the boundary between
| eft andbpehpostidependent on es in the rear. This dlfference 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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mat hemati cal 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 method gives the matrix

el ements: 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) If we choose F(t) =
cos(4*t) and choose the correct sign, these sinplify to LFL = _
cos(t)*cos(4*t)+sin(t)*sin(4*t) ...(9c) LFR = (sin(t)*cos(4*t)-cos(t)*sin
(4*t) ...(9d) See FIG 11 for the plot of these coefficgients LFL (solid
curve) and LFR -36 x, T 5H ET 0 2 MAY 2000 (dotted curve) against t. (The
slight glitch in the mddle is due to the absence of a point at 22.5
degrees, sinqpeddB améf‘e%derin'\ﬁltelefl@lr@h%s iﬁltﬁg%ﬁvardTmaﬁe&bﬁﬁﬁeééerwk wel |
- the front left output is reduced snoothly to zero as t varies fromO to
22.5 deg:oadstlonesmhtrlviaé Buringunsieered¢aonditionsithe elaments feomdhe §9 f
conti nues e t ree fu | rea | ong .t hi s art o
Che. bourieh?Begs ve YERITET1, And PpESHRC R ddularpF 5 erle Cleiihestish mBh’

t hese nmatalu¥ ofbraEThss ﬁrm)tatrﬁabfﬁhg%ﬂl@ﬁtéiﬁlmmwﬂe@r&mmatﬂ QURLthe |r
= 0 bou dare/h wher e I(F reference [1] the val ues were LFL = cos(cs) .
(10c) L ngteeyed va oneygngd thesum pEthe sanares isiZeAER0S bighegesi gned

to beha"t@xaﬂrﬂﬁe‘@b%d‘ﬂbh@s 2Nt PRAt thS Lt Efti egg@é crur\éﬁ}sgsug%axpafﬁ dlr

€
have maxi num val ues. "The previous matrix e t'sS were success
si gnal s thiatdees not eprnespondcion “DolbatSursound? passiveymaltsixtvizdn timmabrasn

d d of thly. ' t lier
P g B BT B, R et R ST e 1
boundar yshodld haeathe nakiensfl .31 ¥ @Y, <BJ),carliethe Pro-Logic matrix does not meet

this specification. A result 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 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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used. In the processor used in Lexicon products, where nultiplies are
expensi've, a better strategy is to define a new variable - the m ni num of
lr and cs, as defined by the Matl ab segnent below. %new - find the
boundary paranmeter 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)-sin(ax))/(cos(ax)+sln(ax)); end for x = 25:46 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(cs)+sin(cs)) - front_boundary_tbl (bp) + 0.41*@Ir) ...(1l1la)
LFR = sin(cs)/(cos(cs)+sin(cs)) + front_boundary th(bp) ...(11b) Note the

correction OTOCQ%A %ﬁé#ﬂg&%ﬁce Hid'B sdbVi Qﬁsﬁe %E)P'égﬁ@lf Wi Qe Ve get

the function 1 es’arre as rex, in this
guadr ant hawﬂmn/mlt(tlo\thddesodr(zdﬂx)at lcpnslbtssofrmwcompangﬁts hhaneartalated

fcggftcls;) / i:O 2d Gégixz cﬂ{néxé))nfn%,ralﬁ/d a@ega%(tél unr e?%équ dqrgaﬁrtl:gr cclanxlﬁor:lent
Si n(cs)/(cos(pgs;ﬁ]sl B g3rL, = 0. 5*Fcs) . (12b) See FIGs. 12 andigg)for a
graphi cal di sBo ay (n)f+ t7hles(,1<ian val ues. (15
When A;, and B;, are played through a conventional stereo system, the
sound power in the room will be proportional to L;,* + R, *+ C,2 If all three
components have roughly equal amplitudes. the power 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
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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In FIG 12, which views the coefficient graph fromleft rear, note the |arge
correctlon along the left-rear boundary. This causes the front |eft output
to go to zero when steering goes fromleft to | eft rear. The output
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

i dentical to the Dolby matrix. In FIG 13, note the |large peak in the |eft
to rear boundary. This works in conjunction with the LFL matrix el enent to
keep the front output at zero along this boundary as steering goes from
left rear to full rear. Once again in the rear direction along the Ir =0
axis and in the rear right quadrant the elenent is identical to the Dol by
matri x. One of the mmjor design goals of the design of the Logic 7 matrix
i's that eiéiﬁeﬂt@tﬂmmratﬁ%cmaamg&mom PIRS1LESE %o %ﬁk@é) HBﬁE@“t ed
to the inputs of the decoder should be conStant, Tegardl ess of

di r ect i obhaif the antuel té@llusasgmamormthah 3d8 moelssanforauil vaﬂees afres.t i rre As
expl ai ned pr oq;%% t his ans aﬁg Q# res_of tRe mat ri x
el enent s for %‘fﬁ ?&ﬁm?ﬁ(? Y T)°én% ng m?’é&&ﬁ&l*‘@ﬁ a&a ayaLeio

directio lﬁanﬂﬂy ekat ﬁmﬁtd)rbﬁfiﬁd?fortp’haﬁbd&@bh 4 DDy PMoglbgyﬁﬂei&éﬁdnw n
there is strong steerjng in the direction of the output in question. That

is, if worecensexlonyingssthan panix prepared foyplaybepk in gharep- Qvéwesa%lar es of
the mat r SPegY: r f left.
The abovg)héilggerrent s?% grﬂsdg%t‘%&% vﬁ@ﬁ%s?églg?lﬁ:elﬁgﬁ:? vglgﬁne%%%rdvé}% anﬁ% Lotgé

ter t eering
noves fodmdbrarlambmalharthlsﬁsm@ trhe of n passivedselby-BurroamddecdersWeé |t est

t he Succesy our de5| ti the square ,root. af the sumof the
squares Of a%g Ra% Hgt &fqérﬁgﬂlg Wq§ gfiﬁ%cusfg §REnE{TEnatnx B‘F‘ePﬁ%se pl ot's
for the revised design. In FIG 14, note the 3dB peak in the |eft

directio peak as a signal goes fromunsteered to
22.5 degrs Itputs; this plot we deleted the

1/ (sin(cs)+c Oﬂﬁfesﬂnhjﬁoﬁf&ﬁhhpﬁlﬂlﬁbbh?tﬁ§€§9 elements and the Dolby elements

isthat there is only a single 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
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quadrant, so we could see how accurately the resulting sumcane to unity.)
-39 REPLACEMENT SHEET 0 2 MAY 2000 This peak is a result of the deliberate
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 left quadrant is not quite equal to one, as
the nmethod used to produce the elenments is an approxi mation, but the match
is pretty good. In FIG 15, the unsteered (mddle) to right axis has the
val ue one, the center vertex has the value 0.71, the rear vertex has the
value 0.5, and the left vertex has the value 1.41. Note the peak along the
mddle to center axis. 12. Rear matrix elenents during front steering The
rear matrix elenents in the 89 patent (except that we have introduced a

Efﬁ'ciegﬁ?ee%‘ r&?" bl t%??:r% ¥ 4 finsfedred ?%é‘gﬁéffﬁg%?g{%te@%?%éf@%lm )

- 13a)was|_REing ﬂaxﬁ&ﬁéd 1We théﬂ3§r)lveE(fbr tthe fuaetioneGS(IH)adheartiteHons

O 71* 1-J | 41* LRR = -0.71*(1 < 13d
(the E. g%tr ?lr+e %hoq(f(ﬁélem%wﬁai onam W&%as'aklyméraﬁ'esggn méeﬂer?ihm T( )

rear mayiitoebREE) The Brifiia 9911 %) b Sudbd ‘?cg(hﬂrto%}mﬂg 3a[lthou€h

calibration): For the front [eft quadrant LRL =
. (14bp mone@ comEplivatatrepsidgeatation @A heler@dda is given in the ‘91 patent

The two representations can be shown to be identical.

In reference [1] these elements are corrected by being given a boost of
(sin(cs)+cos(cs)) to make them closer to constant loudness for unsteered
material. While completely successful in the right front quadrant, the
correction is not very successful in the left front quadrant. See FIG. 18. (For
theright front quadrant the matrix elements areidentical tothe LRL and 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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For the rear left LRL = 1-FIr) ...(14c) LRR = -1 ...(14d) (the right
hal f of the plane is identical but switches LRL and LRR ) Note that the
Dol by el enents and the 89 elenments 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 ements, but wi thout the boost dependent on cs in the rear. This
difference is in fact quite inportant, as after the standard calibration
procedure the el enents have quite different values for unsteered signals.

I n general our description of the matrix elenents does, not -consi der the
cal i bration procedure for these decoders. W derive all the matrix
elements with a relatively arbitrary scaling. In nost cases the elenents

are pr eiﬁ@iﬁeﬂa@ﬁlﬁi I{E%)inpﬁijm‘gg PR 4T \éﬁisu%]n%f kéerﬁﬂi}ﬁ {)@tpgtg%éterg Jlghghey

t echni cal” reasons t e matrix enents are a eve y 'sC
have a rtvei baumdeaxly betefeendeft ahdventer. Thiscak bieainneAMemtdlflddésmHkle is

Y

di rect i gBént quh@fdnt £16AEhe IF =00 hxisdMhufd e A¥&Eme: W t h equal sound power is
pl ayed, and the gain of each output is adjusted until the sound power is

equal in theI-'IRIsFémSF@)-rﬁﬁ(r on. In practice this neans that th(el7a?dt ual

| evel of the ﬁu&ﬁi(‘%@@ﬁ ll,.? scal ed so the four outputs of t ecoder
are equal under condi ti ons o ull steering. W have expli Cltfy |n | uded
thi s calWbmatntdiheisunt bftlemapiaressoberoniedongehe ce=-@mxisy above. -41

REPLACENENT E 2 0. 3dB difference in the el enent n the
f orwar d stee?ga%(lﬁ)r?stg@’rxgo& )gond tion is not trivial. Duringuns flgér ed

condi ti qifd the otk PEE8s bef £61® §018 st&&ed%ﬁﬁﬂi d1oaEt WasickFrif Ferblto a8d the
sum of the squares of the elenents has the wvalue of one. This is not true

of the I585§e%ear el enents when cali brat ed. LRL
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 x or y
, xymm x;

if (xymin > y)
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has the unsteered value of one, and the sumof the squares is 2, or 3dB

hi gher ° than the “89 outputs. Note that the calibration procedure results
ina mtrix that does not correspond to a "Dol by Surround" passive natrix
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 matri x 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 output each
wi |l be adjusted 3dB softer than a single rear speaker, which will nmake
all five speakers have approxi mately equal sound power when t he decoder
inputs are uncorrelated. Wien the matrix elements fromthe 89 patent are
used, the sang &@Lgbratlon procedure results in 3dB |l ess sound power from
the rear when 't ecoder inputs are uncorrel ated. The issue of how | oud
the rear ch&hhel s shoul d be when the inputs are decorrelated ends up as a
matter of t@&xeminVh®H a surround encoded recording is being played one
woul d |ike tqgymépr@guce the bal ance the producer heard when the recording
was m xed. Acéieving this balance is a design goal for our decoder and
encoder as & Conbi nation. However with standard stereo material the goal
i's to repr&agtedhatrzmimvezies framgatodo BH5 dégreesy i gi nal recording, while

generating awegi& Bindhe L61eBEIoS Iw%hé%aﬁﬁmleﬁmsp&lehg%ﬁbwdﬁdaby Dol by
matrix elements is that the power balance in a conventional two channel

recor di MpingxWain.preserved through the matrix. The surround channels are

t oo sw%ﬁ%f %ﬁfﬂ}aﬁ‘r channel is too weak. -42 R 011 ACE AIE 1T SHEET

FO2 e ITnportance of this issue, consider what happens
when we havBR'in—l(npﬂbsle@ﬁ(h)ﬂébﬁ@*siﬂ(&fxmns))sts of three conf@dadnts, an

cont er - conpolBHt = Gatptes T HRSREE sttty "o e
' (15b)1nt‘ﬁbqﬁorﬁiﬂgﬁﬂqu83fh1ﬂfe pl ayed t hrough a conventional stereo system
the 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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sound power in the roomwll be proportional to Lin" + Rn2+ Gn'. If al

t hree “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 requirement 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 assune the Dol by matrix elenents, calibrated such
that the rear sound power is -3dB |l ess than the other three outputs when
the matrix is fully steered - i.e. 3dB less than the standard calibration,

then th?n&lﬁfétlﬁ&tlﬁﬁltlh'eifh&i %@@Eﬁe tR8S e névid d1BRg thaBeunhdawy of théidet 16. Ve
can do the sane thing for the standard calibration, and the* results in

FIG 17reaery@drenty| Theemethed workedhalonanshe rhaunsiaryy, buteresadeasbinout put s
houl d d Dol b
ot BisebUObLE i G- OHSS BbeliobBufd 6 K PR M AhRF 16827 O°1 Y

noti ce thase Mﬂcbﬂtﬁﬂ&étlaﬁttwm'le repaineds(rgostly ) bp additibealr a&métﬁorﬁmto dhe

unst eered signal and Ily ste d, .si.gnal the are apo dB too | ow
in the mefd%e emf—‘qfﬁd’ ‘FL‘!‘ St ﬁdﬁéﬂﬂ%ﬂhﬂﬂm opgith 6§t9c°6“§ﬁu'té?‘é‘3?"g‘|'%n t he

matrix  43- RePLACRYENEngsTdeicrifed/My t109Gp ?h@gﬁaﬁsth%léi erPoisPhadd BReact ual l'y

used in Dol by Pro-Logic (dotted curve) ice that the actual values are
nmor e t hgard¢ted bpintevpsletiont The &irablsltgtpaietwmﬁi;se disgontingitiesalongthe

oSt hl 09 11 bR AHRB7 Bt AL 1AL S N orP oo BB L el o8 00 01

pl ayback™on"a 0Qi C Sys nor e center ness than a
m x premmlibwmhaqd)mderbnaﬁamihnn ﬂmvah&etqnseesmothpyepahecbaﬂné st ereo

will lose vocal, . clarit, | ayed over a Pro-.Lo de i cally,
this i o B b7 espraifus ronl b Fo g Sireen macabaatrow gt ThE rPatidiiecs t b s
| ssue agakdhd¥iftBryslatioh@dises DRRIS MhESrpbRite laXorf SHEGR=S 0 alds tdF RN 108 t WO
[ ndepend%rER(rle)ar out put s

ri.

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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The maj or problemwi th both the "89 elenments and the Dol by el enents is
that there is only a single rear output. The 91 patent disclosed a nethod
for creating two i ndependent side outputs, and the nmath in that patent was
i ncorporated in the front left quadrant in reference [1] of 1996 and the
application No. 08/ 742,460. The goal of the elenents in this quadrant was
to elimnate the output of a signal steered fromleft to center, while

mai ntai ning sone output fromthe |left rear channel for unsteered naterial
present at the sane tine. To achieve this goal we assunmed that the LRL
matrix el ement would have the following form For the .left front quadrant
LRL = 1- GS(Ir) - 0.5*@Ecs) ...(16a) LRR = -0.5*@cs) -Qlr) ...(1l6b) As
can be seen, these matrix elenments are very simlar to the 89 elenents, -
but with the IR-I= cos(-6) AsH(lég) termin LRR and a GS termin LRbig) GIr)
was included to add signals fromthe B input channel of the decoder to the
- 44 REPLAOE1ARRFERIN(Ece)ETpricg-c8) MAY 2000 | eft rear output, to pd8¥bHe sonme
unst eered si : [€, ' : | Ve t hen
oi ved for 1 AOpch THEL e s dRHERACE s R ctid Bt b Rt e 10

si gnal osingxtovertthe aahgé bff0 $6 88 rbadbgrees)andmpi(ic)gviiichiis ef@il tolcdxCOOWy . The

formula f GS(]r urned out.tp be,.egual to (1r), although npr e
conpl i ca?'@jj upgﬁ;@%emgliogﬁ agpn Hb‘??%?ﬂ’hﬂa%‘eilsef& af mafriy, e“@PtﬁgPéH%g. ‘The
two reprEsfntaedriags can be shown to be identical. In reference [1] these

el ements are corrected by being given a boost of (sin(cs)+cos(cs)) to nake
them closer to constant |oudness for unsteered material. Wiile conpletely

successf yf %fé eeﬂ'e li‘tod;t QBS gAY Al otb 0 n o RO ORTIHI RS O0RXF! Y

successful 1 . : ht front
quadr ant t he Now considez thasgmameatnix elententstas ck becdiRes grahteREhaw 2281t s i n

the 89 tg%‘l%ggg )&slwne Eslaﬁi }Isl’l‘e gltein%% [IlljaaFn(i ghetz t%w(;avof {)é)trlztntl fgﬁligalt?gﬂsinﬂﬁher eis

a 3dB di on
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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the.line fromthe mddle to the left vertex, and nearly a 3dB boost in the
| evel +along the boundary between left and center. The nountain range in
the rear quadrant will be discussed later. For this drawing the "tv
matri x" 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 al ong
the cs = 0 axis. This dip exists because of the functional shape of GIr)
in LRRis not optimal. The choice of GIr) was arbitrary - in the earlier
design this function already existed in the decoder, and its

i npl ementation in analog circuitry is easy. ldeally we would like to have a
function GR(Ir) in this e%uatlon and choose GS(lr) and GR(Ir) in such a

way as t snqecgommlexsthe dett Reax bgfly flement must guigkly pige drqmmizess fo prar

const ant n%l’ﬁ t

boundary Hvxgle%Q é’??ecgﬁgs%)g%‘?%lrég%?g%gg?\@ zgﬂ% @g{‘aﬁg’egﬂ%?ts?ﬁ F?rf(e to
be sure i eefmdami:e([ldlpenﬁxmsthisebﬁmwe shbwed eahherm;hei'«ael Eobldrss with he
right fron al o Zr = 0 axis. Thus we assune: LRL = cos(cs)
- c;f5(|r)°°‘“£‘t‘cikijt ﬁ@’ﬁﬁ %g‘?"ﬁ‘("eca? - GR(Ir) ...(17b) W want the sum of the
squares to beF@flﬂléiI\Miﬁhtlbe7Q'81eas9 aasoltion (vaas%dnllr%&hms(e@%uﬁ&hbhg of 1

.(18). and the output to be zero to a steered signal, or as t varies from

zero to Aye vaziphleand @Rzewmﬂlhoum@ﬁef#encell themypblemg4thess < 18)
and (19) gl !;Mf?‘ ﬁ‘.ﬁ‘:gr S
sol ved nl(J)merl (ﬁ H%gsn %rég% (?iﬁi f—‘ft .H%Q %b@lan @zoy‘ﬂéﬁﬂu
resul ts mmatxiz elegmmnprgom’eynGS(tr)t ﬁlen tﬂm/marsalde édsoﬂ@)tthefnnctmﬁ ghwérs, as
i nt ended However #[hlé ak in th g % s al F boundary
bet ween PEfFEIersRcs Liha Iﬂ%en ﬁ’°§‘ &t fst‘é'l &ﬁ‘e r ngF EBEBPY not
very i npadstdegreds0 conpensate for
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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this error, but we decided to do so heuristically with the follow ng
strategy Vé w Il divide both matrix elenents by a factor that depends on
a new conbi ned variable based on Zr and cs. Call the new variable xym n.
(In practice we don't wuse the divide, but nmultiply by the inverse of the
factor described below.) In WMtlab notation, %find the mninmumof x or y
xymin = x; if (xymin >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. We then find the correction to the matrix elenents along the
boundary wusing xymn. In the front left quadrant LRL 5 (cos(cs) -
GS(Ir))/ (I +. 29*sin(4*xynin)) ...(20a) LRR = (-sin(cs) - GR(Ir))/(I

+. 29*S|n(4*xyn1n)) .(20b) In the front right quadrant, LRL = cos(es)

. (20c¢) "'fﬁ (S lion .(20d) In reference [2] these elenents are
additio y the "tv matrix" correction. FIG 20 in this
application SrigeMdrieh 1997 Vet siwnaiREan 1n\t'ef;ktﬂutm&1hechi1qutd ¢orreCOLRECL i ON.
In this a pllcatlon this correction is hand] ed by _the frequency dependent
ci r cui t r §longathe bpppdariencHexe there age v diseontiasitieneAlong ghe co - @ G 20,

te tha | t
note t habod a3 DR id Hife UK AER rhatoh| S L.HIR £ ¥hetBiwak  BleBHBH SwhfotE P

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_beunded). 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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15.« The.:rear matrix elenents during rear steering The rear matrix el enents
given in the 91 patent were not appropriate to a five-channel decoder,
and were nodified heuristically in our CP-3 product. Reference [1] and U.
S. Patent Application No. 08/ 742,460 presented a -47 REPLAGEMENT SHEET O
2 MLAv20QJ0 mat hematical nethod to derive these el enents al ong 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
behavi or along the steering boundaries. For the elenents described in this
application these errors have been corrected by interpolation. The first

i nt er pol gki i ‘ = 0 boundary for LRL. The
|t or ol 7b! URY, ¥ SotbabaRld i LbERST 35 8P Oldifes 69 = ¢ oo ary for R
zero, and al IImWhet;iresmtmeMmﬁ $RIsiszonipytedovithdnteipedatign;just byfathe
previ ous&ﬁ%h a |ncreases negatively toward the rear. The second
i nt er pol I ﬁ?'ﬁBrnterpolate along the cs = 0 axis to the val ue
—of GR(Ir). flﬁcsé.&fotl&Sl de/rear outputs during rear steeri ng fromRi ght to
Rgnt Rear = gRnsllelod i GlagkiBdesido BRI ekl and Left Rear R ght matrix
el enent s eerlng i's neutra any ere between full right and
right rear.forepm}5tP2828 | can vary fromO to -45 degrees, and cs can vary
fromO to -22R5=(degr)eiem( -dgder these conditions the steered conponent of
the input should be renoved fromthe |eft outputs - there should be no
output fromthe rear Ieft channel vvhen t he steering |s toward the right or
right redi dag ' 13828 : ReaPto Huillkbteamchi eve this goal .

They are ess y ‘ t he sa r| X h channel
decoder, H\% %aeaﬂ’wgﬁe%?“}'ﬁéé@?‘ﬁﬁ??f cos rt eé(;igr re?alé; :%Bfr%o éh

unst eer _ednéagideﬁslsreféhme [tlﬂuvslthshelade;tidaeoﬁmhrcbxreehﬁ_ﬁeml&'ear busdmasbe SI nes
and cosi ?r? ilatlab 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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-48°REPL.: ACEME i T SHEET 0 2 MAY 2000 LRL = cos(-cs) = sri(-cs) ...(21a)
LRR = sin(-cs) = sric(-cs) ...(21b) 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 cox(x). W w Il use these functions
again in defining the Left Rear matrix elements during Left steering. 17.
Left side/rear outputs during rear steering fromRi ght Rear to Rear Now
consider the sanme matri x elenments 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 (renenber es is negative and varies
from-22.5 to -45 in these equations): LRL = (cos(45+cs) + rboost(-cs)) _
(sri(-cs ...(22a) LRR = sin(45+cs) = sric(-cs) ...(22b)
Rboo st(c??¥F%Qgg€% %g]n reference [1] and application No. 08/742 460 It
is closely eqﬂllvalbﬁG(IIO the function 0.41*@(cs) in the earlier. na4e) X

el enent s, é pt that rboost(cs) is zero for 0 > cs > -22.5, and varles
fron1zero to 41 las cs varies from-22.5 degrees to -45 degree§

exact functi oBalcethaRBairix elithEhtd REFL bymmrfﬁsbﬁﬁtﬁel&ﬁ%@ ﬁh&fkof&%‘ess of

the rear output constant as sound is panned Tromleft reart rear.
The Left vRlzgs ML.%@CB@mgmﬁenym ¢fin be fewnd by savappiog GospdetB.  18.

T Al A T 0
REP(. ALCE1ENTEHFHERI21, 6he tiktdle &Dﬂﬁa m,mmmlgﬁhana&%hr Rerticdschave! ement
st qui %ﬁtla Yalue'f. '}‘Lgrcrz]e% érovetr%e:rg%aars the value 1.41. In prahtice this element is
scaled so the maximum value is one.
In application No. 08/742,460 and reference [1] these elements are

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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maxi mum-as |r decreases from4.5 to 22.5, or. to zero. The matrix el enents
given ‘in reference [1] performthis, but as we showed earlier, there are
problems with continuity at the es = 0 boundary. For the March 1997

rel ease a solution was found which uses functions of one variable and
several conditionals. In reference [1] the problemat the cs = 0 boundary
ari ses because on the forward side of the boundary (cs z 0) the LRL matrix
el enent 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 mathematical nethod in reference [1] provides the
follow ng equations for the Left Rear matrix el enents over the range 22.55
< |lr < 45: (Vhen transcribing t hese equations fromreference [ 1] renmenber

h 45-1 LRL 45=1r)* N
E 4 E 4?3 1b7§ore,r andrises with fé%a%ﬁw?lmr&az%% fﬁr %M'gci?r %'%E%%Sﬁ 4(5@% Sﬁ%ss
+COS(45- flom 2615td 4.6 Hptéds. )THe m%fé’é-‘ée' i&)a cons(:@r?@ﬂumU@i' Sf HBafor ‘é@clﬁ‘@‘B?

defined two new functions, sra(lr) d srac(lr) over his ran
222.5, | of teorease inl csy he bmahfuncbonithenecfh@mnsélc[pﬂ smh Elmatsin e awst LRR

(v, | 3085gh 90 Gelortadfio S pFSond sl BBIPCMGERS g P

functi Onﬁzh’éhai}l)é)stééldng Iiﬁffhx])f froﬁﬂf”e(aam\bfl Qﬁldégdeés() ithe néwl magri%lemeﬁas REP!
ANEVEWN SHEET FO 2. MAY 2000 é’él 7 version The Zarﬁl?n1997 ver si on
uses an BFR eAP®l £Q ithe netKRl ¥ chP mahix glemepts, &spitn T Here

there arg H‘ﬁugé &FRBVE '?b‘:‘\{ré.l%s th@‘h@%ﬂd‘&é’&lhngtn?%!ﬁ}ﬂ&'iﬁé béeBﬁ’le'_é?;tfdie rear

nmust rratc t LRR for the forward direction, which shows LRR = -Q(1r)

al ong t hg‘hesplxtpgt o6 bhelzepter channel is thus 4. 5dB less than the old output when
steering in neutral, but rises to the old value when the steering is fully to the
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 elementsused in 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:chei.ce used in March 1997 - al t hough somewhat conputationally

intensi've - is to enpl oy an interpol ation based on the value of cs over.the
range of O to 15 degrees. In other words, when cs is zero we enploy G 1r)
to find LRR As cs increases to 15 degrees we interpolate to the val ue of
srac(lr). There is also the possibility of a discontinuity along the Zr = 0
axis. In March 1997 this discontinuity was corrected (sonmewhat) by addi ng
atermto LRR which is found by using a new variable, cs bounded. The

correction term becones sinply sric(cs_bounded). This termw || insure
continuity across thee. |Ir = 0 axis. First define cs_hounded in the
followng Matlab notation: c¢s bounded =1r - GCs: if (cs bounded < 1) %

this limts the maxi nrumvalue c¢s_bounded = 0; end if (451Ir | <
cs_bounded) % use the snaller of the two values cs_bounded 45-1r; end
f or es=0t 23.5Centyr channel im tle npwidegsigmc(|r) - G(Ir)) (15- cs)/15) +

b
o ot ceboundiib i s Bbedipicto TerhBves eprati¥ly spbe el from, the contey, | |
‘the pr esaninlndl ‘bﬁﬁf)u?ﬁsmk B}Ictaﬂriix wgtrmi%ml_%nl_y ﬁm@tlﬁ:r §1ebrihig @ frontak bwiSnétor
LRR. | I\/B.t (0] ore 0
(sra(l ['_ (? ?)tge 3 flégf/q@)t the ceptersghanne] afrusésreerq%lqe&hzzwgl pkthe A
(sra(l r)aﬁa B inbuts With Sdme B2t f&étbp%s ﬁwrw&&tlegé f,ngzés@melt%fﬂenB@@ to

Ful | Rear As the steering goes romle rear to ear the elenents
fol | ow tmconml;ad:egulv&randnngbtmaiaeclal[fnqrp thetcentércheddieli Onronly bption

correctl 't Je%hlai?eatrhel l%u%rr]l%gg of the center speaker. How loud should it be?

This question depends on the behavior of the left and right main outputs.
The matrix values presented above for LFL and LFR are designed to remove the
center component of the input signals as the steering moves forward. We can
show that if the input signal has been encoded to come from the forward
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.Mattab notation, For cs > 22.5, Ir < 22.5 LRL = (sra(lr) - sri(cs) +
rboost (cs)) LRR.= -srac(lr) - sric(cs bounded) This conpletes the LRL and
LRR matrix elenents during'left steering. The values for right steering
can be found by swapping left and-right in the definitions. 22. Center
matri x el enents. The 89 patent and Dol by Pro-Logic both have the follow ng

matrix elenments: For front steering: CL = 1-@FIr) + 0.41*@cs) ...(24a)
CR=1+ 0.41*Gcs) ...(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 thed tleree. front|ontpuist Under thesecenditions it iscedsydtosshewdhabansum

o1 emont cr o A s95gr nbBnapboriie R e BRI R st e iah o
cOS( 45- 1ot 3683 8f c6hndr pressuse Mrédr Ehe ‘ceasér toffpolieht, refartllésk @F)the
- (259) amplitude of the center speaker. This is because the center speaker is always
derived from the sum of the A and B inputs, and as its amplitude is raised the
amplitude of the L;, and R;, signals must rise along with the amplitude of the
C,, 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 equivalent to the sum of the squares of the three front outputs. In fact,
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. ,I

If we want to design the matrix so the ratio of the amplitudes of L, ,, Ri,;*
and C,, are preserved when switching between stereo reproduction and matrix
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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CR = sin(45-1r)*sin(2*(45-1r)) + cos(45-1r)*cos(2*(45-1r)) + 0.41*@ cs)
.(25b) These equations were never inplenented. The March 1997 product
used the elements in the' 89 patent, but with a different scaling, and a
di fferent boost function than G cs). We found that it was inportant to
reduce the unsteered |evel of the center output, and a value 4.5dB | ess
than the Pro-Logic | evel was chosen. The boost function (0.41*Gcs)) was
changed to increase the value of the matrix elenments back to the Pro-Logic
val ue as cs 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 -53 T
REPLACEME~T SHEET 0 2 NAY 2000 before, and rises with ¢cs in such a way

that CL and S CS, goes 0 ero 5 de rees The
i ncrease is ﬁ#&ngé éﬁ?wﬁ eﬁe fT E@‘?BFG@JC{? C‘H’f"e ﬁ%g}é%%efggi’ ek therpe
boost f ugghiePnedrRBondltaby Ehe ShPRE sigitilNist BAbel Presbivedticl thgofrgﬁg\r,t\:ﬁ?ée the

matri x elenents rise another 3dB, and then hol'd const ant
st eer i ngchannelgjas steering ll(&xdﬁqsrtowardélge ém@t Aseande sean; the néededntise ar e

|t | h | ts. As_th '
cont i nuolh e JBUb BE 48 dfter Endhih®) s il hdert - TR e oMt RECRE
equal . Ihtplﬂuid@upelofdﬂ be stesting vallaenalsd showusisttibsiBaleSa 4 Reandshel ol d

out put en er |e(rglg eutral, but rises to the old val ue when the
st eering ?"é""f‘ﬂl@?t‘i W& -center. See FIG 22 for a plot in three

di mensi ons ofa4 We%r@bﬁﬁﬁl}‘me&l@ldﬂeq gﬁer%@v&&@luggﬁsﬁgciﬁ%ﬁéﬁ Wy the

right and rear vertices hHave been redu S i ncreases the
cent er rWwildsdesseribee the| ‘(filmp? solution (firstwo T:hleoprdsltldm hiene dssnotcentivalyd t hat

Lhe Cen! Bl S SRS WAL BSR4 M Enluon ARUTE! QOBSIASLER e
of popul steeplysiThe ehangle lmgsleveiruf thieccetitalr ohanfielsianiof dbvibus.CWe 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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tend to.get |ost 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 fromthe front speakers
can notice the apparent position of a center voice noving. This problem
was extensively analyzed in devel oping the new center matri x el ements
presented here. As we w1l see later, there is also a problemwhen a
signal pans fromleft to center or fromright to center along the
boundary. The matrix elements in application No. 081742,460 give too |ow
an output fromthe center speaker when the pan is half. way between. -54
REPLACEMENT SHEET 0 2 MAY 2000 23. Center channel in the new design Wile
it is possible to renove a strongly steered signal fromthe center channel
output using matrix techniques, any time the steering is frontal but not

bi ased dioudspeaksn Ifwerdomnt remaveddis eperginireames from she deft@nd rightum of
the A . . . . b

possi bl 2&?3??%%%& %ﬁéz%ﬁ‘g ateggbgz%ﬁ%? I?(}'{;}H%)&Qnﬁrgr é’Fﬁ? %%‘%?ﬁg%gnt er
channel .inGle @ohyisiiiec sime. Bhé trick jstapet just enoughaeyergl it tethecedrder

speaker. How |l oud should it be? This gquestion depen an .t he behavi.or of
he | of (SBSRNeF (KgneretPrh SHTSTRGNE HFRBE HaA4S 10 PO a S iR Ba S OEST or LFL
and LFR @{Rintie$hgnesh ddu ctRimystbiéd wiRtBifBl a HRTPREEWho ¥ edligidtaRYFrathgnal s
as the steering noves forward. W can show that if the input signal has

been enddeddonblefbpndright aneakess.wvard direction by using a cross nixer,

h M ; . / . * 89
o ehen s ©hleSh halieants Al SO QauEdho S SHRRAQHY SRR 09
ones pr dsadhess bpttiaband eridr. Weegethen silve faothe mbétix elementswe heedr i gi nal

Tert and i rontia At LRy HHePav 6t LSS im CHRRAEPSHES chen
added, ipgdmAdbefdre'wt aséidide thatthe28ater hdnmeldsreducddiidvel by(@§b)
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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then as.the level of CGn increases relative to Li" and Rin the C conponent
of the L and R front outputs of the decoder is not conpletely elimnated
unless Cinis large conpared to Lin and Rin. In general there is a bit of
Cnleft inthe L and R front outputs. Wat does a |listener hear? There
are two ways of calculating what a listener hears. If a listener is
exactly equidistant fromthe Left, Right, and Center speakers they wll
hear the sum of the sound pressures from each speaker. This is equival ent

to summ ng -55 REPLACEMENT SHEET 02 MAY N ---------ommmmomooon the three
front outputs. Under these conditions it is easy to show that any reduction
of the center conponent of the left and right speakers will result in a

net | oss of sound pressure fromthe center conponent, regardless of the
anplitude of the center speaker. This is because the center speaker is

al ways dercPeYmE¥HTLt he sum of the A and B inputs, and as its anplitude is
rai sed the cemaptdtéare@3pf the Lin and R, n signals nust rise along wwth the
anplitude Qf thgieds . 1Signal. However if the listener is not equidistant
from each ipeak‘ery the listener is nuch nore likely to hear the sum of the
sound powe €% 3tfeach speaker, which is equivalent to the sumof the

squar es of t hege(ishhee042*thidbtremteriraie/(300); f act, extensive |istening has shown
that in fact {dfe=guewsof); the powers of all the speakers is actually what is
i nportant, i 18 1Y t consider the sumof the squares of all the outputs
of the decoder, including the rear outputs. If we want to design the matrix
so the ratio Gﬂ(cst“%"Qﬁﬁlgfﬁﬂ"eknmmﬁ-f’ﬁ“%%n; and C n are preserved when

swi t chi ng bet ifggeles<d erceter epx)oducti on and matri x reproduction, the sound
power of the CgeefOFRARRRE mh;0M the center output nust rise in exact
proportion to the reductidn in its sound power fromthe left and right

out puts, and 4% reduction in the rear out puts. An additional conplication
is that thelseeft and right front outputs have the |evel boost of up to 3dB
descri bed aboydtes+T - gentér| hax* dors@cstdop carer aeF@omeed t o be sonewhat | ouder

to 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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keep the ratios constant. W can wite this requirenent as a set of
equations for the sound power. These equations can be solved for the gain
function we need for the center speaker. W previously gave graphs show ng
the energy relations for a Dol by Pro- Logic decoder under various
conditions. The Pro-Logic decoder is not optimal. W can do the sane for
our new decoder. -56 REPLACEMENT SHEET 0 2 MAY 2000 FIG 23 shows the
center gain needed (solid curve) if the energy of the center conponent of
the input signal is to be preserved in the front three channels as
steering increases toward the front. As can be seen, the needed rise in
the level of the center channel is quite steep - the rise is many dB of
anplitude 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 pr obl‘&ﬁlasﬂme\lﬁl’laﬂ“ describe the "filnmt' solution first. The sol ution

here is not e re@phpt hematical. We found in practice that theagynction
shown in FIG 23 rises too steeply. The change in level of the center
channel is tdeFBiwiGH(es) W decided to relax the power requirenef28b)ightly

- to about 1 |_ess teg .t hdeal . |If we recalculate the ce r, val ues
we get the rg(?{jl_f asﬁg&ﬂ—ﬁ(l{ﬂgkgfjﬁsg line of FIG 24. In practi'ggg% can
substitute a CRrReor4Y +®C{d3) the early part of the' curve, show2gas) the
dashed Iine in FIG n practice results with these center! val ues have

24. |
been excEomerdremtheifront lefepnd right qan then beicompupndias fadlowsie solid curve
rises too stespR\= (@f@@+d1i‘”7e $ROpS ?_ﬁpg@ﬂi)y*(t;_hﬁ dashed |ine workgsypetter.
e

Miusic requires a di rent “so Ut i 8n. e center™attenuation shown Iin FlGs.
23 and 2PRowerdeoimide cesdaniistig the matrix el enents previously given for LFL

and LR Yhatph i Yoo s pregt qharen o7 speci [ eal 1y do e pgg 1o
front out putBéwer 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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Li steni'lng tests show that the previous left and right front matrix

el enents are needl essly aggressive about renoving the center conponent
during nusic playback. Acoustically there is no need that they should do
so. The energy renoved fromthe left and right front nust be given to the
center -57 REPL. AuCEMENTSHEET 0O 2 MAY 2000 | oudspeaker. If we don't
renmove this energy it cones fromthe left and right front speakers, and
the center speaker need not be as strong. The sound power in the roomis
the sane. The trick is to put just enough energy into the center speaker
to create a convincing front inmage for an off-axis listener while
mnimzing the reduction of stereo wwdth for a listener who i s equidistant
from the front left and right speakers. As we did in application No.

08/ 742, 4§0 . can find the optiml center |oudness by trial and error. W
can then'S8IVE for the matrix el enents we need in the front left and right
to preserve tRA’I‘ﬁGwer(Cgf/l’Lﬁe*(Csn conponent in the room As befor.g32ye

assune that t center nnel i.s reduce vel : B Iow t he
level in our ﬁé@lmtéms S ERAst thg FoRamlEes o the YAIRBEAC b T

equal s Oad@ve thetriRitHeh €l ements for the center can be multipli ed by this
factor, and a new center boost function (GQ can be defined. For front

steering CL =((GPles}-GE(ce)fr R* (G2} 0. 5*(@'&&98)—@%(1‘:3)02)42 + GC(cs)
(210) Severar FulCiTiGAL SSEI IS, The one g ven-EiPow may
not be i deal , Theteqghation gbode eamlg;h solvied ﬁuﬁmi?daﬂlyedflvﬂe tagsiimeofthd G angl e
cs in degpces. nfBh VAPEphla ned by some Lrjal and erppt-pdn MATLAB
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);

61- REPLACEMENT SHEET

J
l 02 MAY 2009




center<rate = 0.15; -58 REPLACEMENT SHEET 02MAY2000T center_nmax2 = 1;
center_rate2 = 0.3; center_rate3 = 0. 1; |If (cs < 12) gc(cs-1) = 0.42*10
(db*center rate/(20)); tnp = gc(cs + 1); elseif (cs < 30) gc(cs+l) =

tmp*10 N ((cs-11)*center rate3/(20)); if (gc(cs-1) > center nax) gc(cs+l)
= center max; end else 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 val ue
L. W 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 C,,, conmponent in
the left anggright outputs should decrease, .and then design natrix
el enent s, V\:h,lrh .provide this rate of decrease. These matrix el enments
shoul d al so ‘ﬁ%\ﬂ‘ &skg boost of the L;n and R, Q conponents, and should
have t he currehdifi¢Rdpd:at the I|eft to center boundary, as well as the
right to cendsfar boundary. -59 r REPLACEMENT SHEET '
. end
% find the bounded ¢/s
if(y <24)
bes = y-(x-1); -
if (bes<1) % this limits the maximum value
bes=1;
end
else
bes = 47-y-(x-1);
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
1fr3d(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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2 MAY 2000 We assune that: LFL = GP(cs) ...(28a) LFR = G(cs) ...(28b) CL

= 0. 42*(1- Qlr) + G(cs) ...(28c) CR = 0.42 + GC(cs). ...(28d) Power
fromthe front left and right can then be conputed as follows: PLR = _
(GP2+G2) *(L,,,+R ,,) + (GP-GF)2*C,,,2 ...(29a) Power fromthe center is:
PC = &C2* (L,,,2+R,,2) + 2 * GC2*C,,,2 ...(29b) Power fromthe rear
depends on the matrix elenents we use. We will assune the rear channels
are attenuated by 3dB during forward steering, and that LRL is cos(cs) and
LRR is sin(cs). Froma single speaker, PREAR = (0.71*(cos(cs)*( L,,,

+0. 71*R,,,) - sin(cs)*(R,, + 0. 71 *C;,,)))2 ...(29c), If we assune that
L,,,2 = R,,2 then, for tw speakers, PREAR—
0.5*C,,,2*((cos(cs)-sin(cs))2) +L,,,2 ...(29d) The total power fromall

(- By s Mot bk the Sed E'ffpl 08 T oG iohLuvo B AR °

and R, , gPaliff carceld ehsuﬂhld_ofsﬂ(e%)?ed@éngkﬁle(iagu% (é(;(ﬂi’é)@lziéméi&(:(ﬁs)zgzgoi 2 *
0.5 * * G * CS + CS

&Ggggf)zfab%theﬁggfé 0 *I(*%(ll%)s))ﬁﬁgﬁlé szPQ E,,,2) *((GP(cs)-GF(cs))2 +

2*(GC(cs) 2) 1lrdG( ogs (n‘h%é that %h@(v‘&ﬁé gs zef@*ﬁ %@Cﬁid’%ﬂé o@ci(l'fesi)l?ane &dcs)2 +

1) ...(31b) For normal stereo, GC=0 1, The center to LR power
ratio - stperiTR)ATR\EEwWaisgzETO BS cs)nzcrwm'eszme% |degrees along the lr = 0 axis.

The value then falls off to match the previous value along the boundary from

left to center and from right to center.

24. Panningerror in the center output

Asit turns out, the new center function, if we write it this way,

CL = 0.42*%(1 - G(Ir)) + GC(cs) ...(34a)

CR = 0.42 + 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 db 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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I s «then:: RATIO = (C;,,2/ L;,,2)*0.5 ...(32) If this ratiois to be
constant regardl ess of the value of (C .2/ L;,,2) for our active matri x,
then ((GP(cs)-G-(cs))2 + 2*(GC(cs)2 + 0.5*(cos(cs)-sin(cs))?2) ((GP(CS)Z +
&C(cs)2 + G(cs)2 + 0.5) ...(33) The equation above can be soI ved
nunerically. If we assune 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 G- needed
for constant energy ratios with the new "nusic" center attenuation GC. The
dashed curve is the LFR elenent of March "97, sin(cs) *corrl. The dotted
curve is sin(cs), the LFR element w thout the correcti,on termcorrl. Note
that G- is close to zero until cs reaches 30 degrees, and then increases
sharply. W have found in practice it is best to limt the value of cs at

about 33ei’é§9£ﬁ€a§lﬂifbﬁ£ #g& Eﬁﬁ&?&%ﬁﬁ%&fﬁ?%%‘ifﬁx reeffaeSs has a

negative sign gl Vés a e 0 MRt Ti X ef enent  al ong the Ir =
0 axis, as csInFibGt Easﬂstefu}mmoneatmmfmqm:mmg\MongeHebotmtihmdbetwé)éxendl ng

this .beh vior to .that.po reV| ous LFR el ement, which nust be preserved
al ong thil ‘lﬁ@mr?er'b‘ﬁ‘w&’e‘ﬁl}ﬁ’é' Y 5®RQ*enter, as well as fromright to

center. A nethperef 280k A%k (¥ 8 gr&‘ﬁﬁ%f Qﬁesleﬁzfr@n@‘?ﬂliﬁﬂa dut vk afl@fdenteR
di fference function between GF and si n(cs). limt this function in

vari ous \gglid cunyveloutpwtsnnote that: cegteroﬂtﬁérmgsa; at bhsg left of thesplot, 4ol fdl =

0:45; if £ di >e Sty & » S ( R HT

ot B By e il g Br
about 33 degrees, (about 13 on the axis as labeled) where the center is about
6dB stronger than the left.

25. Technical details of the encoder

There are two major 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 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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% fi'nd the bounded c/s if (y < 24) bcs = y-(x-1); if (bcs<l) %this limts
the maxi numvalue bcs = 1; end else bcs = 47-y-(x-1); if (bcs <1) % 46)
bcs = 1; %6; end end The LFR el enent can now be witten in Matlab
notation: %this neat trick does an interpolation to the boundary % the
cost, of course, is a divide!!! if (y <23) %this is the easy way for half
the region |fr3d(47-x, 47-y) = -sin tbl(y)+gf diff(bcs); else tnp =
((47-y-x)/(47-y))*gf diff(y); 1fr3d(47-x,47-y) _ -sin_tbl(y)+tnp; end
SHOE 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), reducing the
val ue 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 st e@iéi&l‘)ved“d‘lfa%riﬁl {ife E6tal eASr &P th@%h?ﬁﬁ@ﬁf tRe 2APodGOSERAdA O Lhe it
0 axis. The value then falls off to mat the previous value along the

boundar y samgptegandlessofehichyinpud is being drjnen: Thiveonstanp gnermnsetbingr r or
in the CHhife r&léregégry for most film sources and for five channel mus1c sources where

instruments have been assigned equally to all 5 loudspeakers Although such
music sources are not common at the present time, it is the author’s opinion that
they will become common in the future. Music recordings where the foreground
instruments are placed in the front three channels, with primarily reverberation
in the rear channels, require a different encoding.

After a series of tests (at the IRT and elsewhere) it was determined that
music recordings of this type were successfully encodéd in a stereo compatible
form when the surround channels were mixed with 3dB less power than the
other channels. This -3dB level has been adopted as a standard for surround
encoding in Europe, but the standard specifies that other surround levels carm,
be used for special purposes. The new encoder contains active circuits whlch:
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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As’ it ‘turns out, the new center function, if we wite it this way, CL =

0. 42*(1 - C{Ir)) + GC(cs) ...(34a) CR = 0.42 + &C(cs) ...(34b) works well
along the it = 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 inplenented) give a snooth
function of cos(2*cs) along the left boundary. These values create snooth
panni ng between | eft and center. W would |ike our new center function to
have sim | ar behavior along this boundary. W can nmake a correction to the
matrix element that will do the job by adding an additional function of
xymn (in Matlab notation): center fix tbl = 8*(corrl1l-1); Then, CL = 0.42
- 0.42*@EIr) + GC(cs) + center _fix table(xymn) ...(35a) CR = 0.42 +
GO(cs) +peaRheily ihterdd 3WorE 49 an acﬁ35 Bheod® ﬂ@act@@e .f:l?Euﬁry corrects

t hr ee-di rren5|onal representation of the CL matrix - ----, MY
2000 el esevieral\amalberpors poherent initheslesign. di@wenemvmwmidutlthepamve ce. In

FIG 28, co njN ong t.he boundary between |eft
and cent 3?9}3 t{&hth sﬁ% al r‘JFQHCL %olf‘%%g ‘hh%f é‘?@g’ew}lgﬁnf’% “-graph of the left
front (dottedWith expemside destfeﬁtng gevdral othiey SmalltgreblemBarRht it fia8nt er

steerln Is at the left of the plot, and full left is at the right. In the
" nusi c" g§PP8 %"gy’e\ﬂé ﬁ??‘é‘ﬂ'ﬁh &?W t(b\:‘hé‘q?aﬁlt!u)e%fth@§etRS'ObbﬁiBﬁthaQS beep ces,

(about 13dapeddad idthe new éx?&ﬂe?dﬁ‘of’\@ﬂxﬁ imvﬁéi{'é reb§ Lreé;?@oé& E&“gef

than the left. 25. Technical details of he enco er ere are
goal s of botk tb@gﬂrenv apdcidwerearrtermingls pf thhcmic@dbe atetfhleesame dmne,dﬁhea 5 1

chanel, 380sil Snkfiel Dbl SEMPCHATRITH IR Bl oty WotSRR0EE: >
compensates for this effect by increasing the rear bias slightly. Likewise, we
have found that when a film is encoded with substantial surround content,
dialog can sometimes get lost. This problem was greatly improved by the
changestothe powerbalance described above, but the encoderisalsointended
i;o 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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t he-encoeded out put should be stereo conpatible - that is, it should sound
as close as possible to a manual two channel mix of the sane material. One
factor in this stereo conpatibility should be that the output of the
encoder, when played on a standard stereo system should give identical
perceived | oudness for each sound source in an original 5 channel m x. The
apparent position of the sound source in stereo should also be as close as
possi ble to the apparent position in the 5 channel original. In discussions
with the Institute for Broadcast Technique (IRT) in Minich, it became
apparent that the goal of stereo conpatibility of the stereo signal as
descri bed above cannot be net by a passive encoder. A five channel
recordi ng where all channels have equal foreground inportance nust be
encoded as d 0 e rr nels
o xod | ntoip NarefR0K typilily GRRCT BoherBN Samblt o WeRBUIE SO

- 64 REPL%\EHEaSHEE’frmﬁ:&cHMélOA@ ipthe prmdus“éhabdexs whdrethaﬂaak oﬁI}el’ gy

t he out put of the encoder. should be the sang, re ss, of ich input is
being. dr PReIPUEQ anef 1he %ﬁéPB?Ss%‘E%‘FH Bhe 1 B B pa “?leve @5t film
sources ﬁﬁﬂ)litﬁfdef ﬂa‘ﬁﬁ; &*13387991 Riich re8ultasa a%@éﬁng ahgl é Hﬁ?ﬁ‘%ﬁie‘é@&@s figen

assigned equally to al oudspeakers Al t hough such nusic sources are
not commbhe aearc hés psve@lebhe totak power in theidwawutput chanels dmunitat- thabdy wil |
become ¢ [ & (di ngs where the foreground

I nstrume are p%@%aaﬁ¥&; %giongéqﬁg g channels, with primarily

rever ber at | orWhile the ou¢ptt @lﬁ'c’ﬂhlfi£|e$1codeﬂlﬂ$ n-ela'tlfhlifsim;né whepdnlg.ofter a
series of_tests [

| RT and sewhere) i S determnedth . nhusic
recor di ngRapRells §1§lvte9p’é? Rrgpmes a&@%@&vﬂv{}m \yiiea_%amauqrﬁua JRBREGATESTIED bl e
form whegt the sarie AuRd I£4RMIEYS tNELS dAd Bk WS thpdd BrikR The RAWRS si amat he
ot her channels. This -3dB | evel has been adopted as a standard surround

encodi ngCOMIE egrairrenne intfalmy), althepigpelsiatithe spmming hef_iewerlnmspevel s
can be ysefle to¥al 3R ifllea oﬁﬁ?ﬁ@f%ha-ﬂ}?el N§V8LRC Q44 llcggt %{éﬁo@%@k Y§p&d reuits

whi ch detect strong signals i e surround chann sighal s
are 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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occési‘onal |y present, the encoder uses full surround level. If the surround
I nputs are consistently -6dB or | ess conpared to the front channels, the
surround gain is gradually | owered 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 earlier encoder at the
Institute for Broadcast Technique (IRT) in Munich | found that direction
of sone sound sources encoded incorrectly. A new architecture was

devel oped to solve these problens. The new encoder is clearly superior in
its performance on a wwde variety of difficult material. The origina
encoder was devel oped first as a passive encoder. The new encoder w ||

al so work in a passive node, but is -65 REPLACRMVENT SHEET 00 2 M 2000
primarilygintended to work as an active encoder. The active circuitry
corrects several small errors inherent in the design. However even without

t he active cArsr;metnmly Imzptﬁoﬁ@d i[mllimvieSe@dh&&lig disvassioa spitahie ARST gACOder .
problems with the first

Wth extensiy n|n sever ot her snm
encoder Pé“% Q& %ng%ﬁs‘rPBGPnﬁGPnaFT sB’F"Q‘H&%énﬁ‘PQﬂﬂ drhisipneedgsen
addr essedjinpl *B&e‘iﬂiﬁt@é‘ﬁl@é’%o sE?foﬁi‘@EHﬁﬁneméﬁ eéﬁ% gaﬁg?ﬂéﬁ iak& tRgP! i ed

to both thé front and the rear termnals of tthe enco sane tine,
the resdrenhghannelgeT mbélﬁleffsl‘ebr&b@ume&m attennetedend ndded tdtkee hefiy

[ ko e FORE CRGLER,| Rhid |\efelok Blho {ar FERURRRleRRe! Fham poinf

sur r ound mahtfiehdnneldilai mglmia,rbr&emtdlﬁgsm&h hasé spJJiﬁ% 1ﬂ§ﬂihhﬂ!ﬁt§@ﬁ tHeeat |y
inprovedsté)r\‘ t he han o t he 8 r Ih(f\nce descri bed_above, but the
encoder iS9TEPuRd Fhanp d ‘1“5“"3@1 udnesi a sh%@gﬁeapaqubpwansa@w@@ts The :

new encodgill 6eNRessicely Eftoded. rHﬁw%(vE?Qiu@lénE@déﬂ %rk@%g%ﬁ&t el anam 1 of

I nput to the encoder slightly under; these conditio
t he desi gahasm'éalmta\ﬁlénwbeeethﬁatmn@srrpnnd|cbannetmane@rr;mandyregmoesagmm s

i denti caljy, 88B attenuation was carefully chosen through listening tests to produce a
stereo compatible encoding. I decided that our encoder should include this 3dB
attenuation when classical music was being encoded, and that one could detec,@j
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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t he«previ ous design and identically to the Dol by encoder, providing the
center ~attenuation function fen is equal to 0.71, or -3dB. The surround
channel s | ook nore conplicated than they are. The functions fcO 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
basi ¢ 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. RE UACEMENT SHE
T 0 2 MAY 2000 The value crx is typically 0.38. It controls the anmount of
negative cross feed for each surround channel. As in the previous encoder,
when there is only. an input to one of the surround channels the A and B
outputs have an anplitude ratio of -.38/.91, which results in a steering

angl e of 22.5 degrees t the rear. usyal , .t he otal

out put channe?‘qgl °F% 9,Are ert{c’t’?ﬁ 1°Ps°f ﬁ’rs?e %quﬁ%fft"f‘ﬁﬁ w&m&m@r fs 'iré 8

is one. \Wirtduridéheiiedslt TREn tahoun@ris MVink FroB Ak 18 lvorti ipLE taVbse 130! Y one
channel is driven, it becones_ probl ematic when both surround inputs are

driven a&eax mpubaesiveiccuiiny dateetsithat tlmseLtsuamutthemsmlmm lgvehande sane
spanel (B phASEOOnBGCMABNGR o 4 D redilebd 105e0d A P idihollfied WY DodeS

are in pha SO t total Tevel’in eac
1. 29. Th|’]§nsm}mnge| 0 real codfficientayin bhaefembdtng)freéulw,moi ndoré¢ plecifet i ve

C|rCU|try |s ed in the encoder duce the of the function
Fo by updesoaing of b P et Bannb DR stics tpis ERBFER & BRab B vnPhFSieR el _and
phase. Albgfthege@ﬁ§gﬁepé‘é‘dﬂt§-emém two surround channels are simlar in
| evel and out_ of phase. In this case the two attenuation factors subtract,

so the A and Themisan sdditienalpativaciseuitidbathas nptass, be&nd'eéeawn of
. 91-. 38, naI
Thi s err ?B‘lhslélgg(/e-gra(la.aeﬁ'%g%%k:g\\%lyﬁslggﬁgggggspﬁ s%%ﬁ&ﬁoﬂ{sjfé}ﬁﬁégﬁv Unsteer ed
si gnal ucemntertchappebamdthé front leﬁt/lamdrngh;t Seamqm;hiler mhisi¢ recoedingedhatiabl e
t hat si gnal rear rm.nal s shou in a center

| ied,t t ul
ori ent ed "§F gna?l ‘B'dﬁ?ﬁﬂs ﬁgfl 58 c?c?l&f ??n ti’regtﬁfﬂﬂ "é’(fn\ﬁl‘?istﬁbﬁ Fé‘é‘é"e’ss % he
val ue of ktronfgedighéiein wl) theaé ifpatyEleSendddledidlithat will have excessive vocal

power, 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
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i Fevel: and antiphase. The result of mxing both the real path and the
phase 'shifted path for the rear channels is a 90 degree phase difference
bet ween the output channels A and B. This results in an unsteered signal,
which is what we -67- - --j REPLACEMENT SHEET 0 2 MAY 2000 want. As
previously mentioned | discovered during discussions at the IRT in Minich
that there is a European standard surround encoder. This encoder sinply
attenuates the two surround channels by 3dB, and adds theminto the front
channel s. Thus the left rear channel is attenuated and added to the left
front channel. This encoder has many di sadvant ages when, encodi ng

mul tichannel filmsound, or recordings which have specific instrunents in
the surround channels. Both the | oudness and the direction of these

i nstr unmeng igf‘ﬁ%‘lsﬁl %jgfhngoq{trigkhg%%e?%ggﬁ%gpmﬁveea%hl S encoder wor ks rat her

well with misi c, surr Uhel s are primarily

rever ber at i onIncréhse BuBlavel @f the icentevachaaied finl the @tveden wHvmotlghcdntzireni ng
st.er | e encodi ng. | decided that our_encoder

tests t d ti
Shoun d | ABTSIRBEthedeSeleh SIS AR P AR ALPRULS 81 SPRISREmAHIY SERAY
encoded, and DRafedde&heqel el gﬁﬂf‘&éenthp 'cﬁaﬁﬂ@fiiﬂ Qeflgtfcfg‘l‘gvbhEﬁ% il gve

| evel s of the front channels and the surround ann s in the enco A
maj or fumqremoermgnelnuat,lttitmefmntnnméssurround channels is to reduce '

t he | evel of i n_ the: out B vvhe t he
sur r ound chaﬁngjfl:éj%lﬁlg’%ge%% Eﬁgrthtehﬁ?i"?%eé' f‘feo;{knlﬁéﬂrfé’ic ture s
provi ded similac dojfeatirielfealicvanfor ahd fcity cHaamrll s, Inthé cideent @ﬁcd&&%h&n' ess
by 3dB, t e vaI ue ﬁlfé fcis reduced to a nmaxi num of _3dB. The naxi nmum

at t enuat i*BR tW frant ehannglgareout of phase the ﬁBF%dlé’rgeW’éhBWFé’s@es‘h‘-‘Gﬁgrﬁ?han t he
front chaagd the ddiired ¢ th¥ Seak) WeihiertdPBSaEFedt A HIOE H‘thn ahfl Lhe new.

encoder conpatible with the European standard encoder assi ca rmS| C.
The acti dps@itingeuiputiunsteprediits causes instruments which are intended to
be strong in the rear channels to be encoded with full |evel.

27. Frequency dependent circuits in.the decoder
FIG. 2 shows a block diagram of the frequency dependent circuits tha

follow the matrix in a five channel version of the decoder. There are three
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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- 68 REPLACEMENT SHEET 0 2 MAY. 2000 There is another function of the real
coefficient mxing path fs for the surround channels. Then a sound is
noving fromthe left front input to the left rear input active circuitry
detects that these two inputs are simlar in |evel and in phase. Under
these condition fc is reduced to zero and fs is increased to one. This
change to real coefficients in the encoding results in a nore precise
decoding of this type of pan. In practice this function is probably not
essential, but it seens an elegant refinement. There is an additi onal
active circuit that has not yet been released in a product. Level
detecting circuits |l ook at the phase relationship between the center
channel and the front left and right. Some popul ar nusic recordings that

fi I ' t here
v 1 Voo Rl itk ey GRPLTIolBp ) td MR LBV In LAV ResiliEl
excessi vas \paralof {itiseapplicatient Thekartae hpplhicatioasndiffesin |thadeayogias her in

phase. \Wen thi occyrs, active ci its increase the, attenuation.in the
benter cHETeURARhaRRels gre parseiyeds With shardipats tber soinms HecBalaiht put
To sumBgf Afs sdifild NEedd toMd inSrrah € oLt SG ek OT he s FRFBIAFD Sl eRY¥ ShoRlda t he
surround channels by 2.2dB when the two channels are I n phase 2. |ncrease

t he real canfaibuts agant senseaf knvelopmhen trand awbiens, bus shéuld mottdraw t o

t ere LLLo rear channel s,are out of phase.
o eer RS th AR I Re Mieaba Skl P R U BB fe Rlirl
surroundsﬁﬂkelrsitsbmtfbﬂmsaﬁmEé b.ggferssnte.l eVﬁI S. 4|. I nf:rease thfa I e;/el .
d ti h f .t ] en their vel is simlar to e
ront . Cchanndl@piay Byl EnaretdnpHbAREEHR b ans BB dF P <
when a seudditss HeeBssdi e st indtE Bt weeR aMAVo éARRNEFrfRRAINWaha ¥R @

front input to the correspondi ng rear input. . ) ]
encoded five channel recording. The background control signal is designed to

make this discrimination. The background control signal (BCS) is similar 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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I ncrease: the | evel 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 level of the center channel in the encoder when a
there is a common signal in all 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 encoder when the two front channels are
out of phase the encoding will cause the decoder to place the sound in the
rear. W intend to detect this condition and make the resulting output
unsteered. 27. Frequency dependent circuits in the decoder FIG 2 shows a
bl ock di agram of the frequency dependent circuits that follow the matrix
in a five channel version of the decoder. There are three sections: a

vari abl e | S i varidk abl hel f filter, and.a .HRTR ( .

ol ot ed FrEe3Tes chbfibel ol WICRERS porn i lsariiyadubs] Ps roF this

char act eresérbrgatidapeiltibsgervot Sleghtdy erwhrd.he. rear steering voltage c/s.
change their_ characterjstics in response to a signal

The first tvvocéégter_s ]

that is intendd@S0grivedindbig way gendstaraflectithe sypoef xacording. dhry timenal s
to the deggass: fl ; | . IS, signal
o cal | eqehoe IR EHa e ST Baterial BRSHN AhARREE AN BorRNR- 3 Onal
One of t floweyeayBGoaan bemeghtiveevenm thieabsmice of stoonpstablingtto thptrean! | y

create a.f,.Vv nnel ,surrtound ,si gnal_ f.rom an or.di nar channel stereo

si gnal . f{thlegegngge FEheTe lé’élslf’rtz'ﬁl &9 Pg[nrﬁ? ad?a“éd&&?‘”éﬁ%ﬁ%&- faLpee a five
channel BUS td adjubétiik fHitbisthab/Bitiatiad the decoder for stereo vs siltrb@Hd th@Eor di ng
that was encoded into two channels by the encoder described as part of this

application. These two applications differ in the way the surround
channel s 201 g fagiuesicy Adpolibhy Bt oBitdl ARELrSTEGeldBH! the majority of the
sound needs to be rnfront o e [ stener. ound speakers shoul d
contri bute a Phefirahef thailens ineRl@| Dizrmsimpled dBpeonteye nw pabofiltérnot
SL?\rNou{rjllfjm{;ﬁ hf Qdﬁ@st%ﬂ?m&ffﬁ*eqﬁ@ngﬁc%ee% BH5'¢ ngitlrveeco%rz%irg Snikfilter Tisb €
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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speakers to be stronger and nore aggressive. To play both types of input
optimal'ly without any adjustment fromthe wuser it is necessary to

di scrim nate between a two channel recording and an encoded five channel
recordi ng. The background control signal is designed to make this

di scrimnation. The background control signal (BCS) is simlar to and
derived fromthe rear steering signal cs. BCS represents the negative peak
value of c¢s. That is, when cs nore negative than BCS, then BCS is nmade to
equal cs. Wen cs is nore positive than BCS the value of BCS slowy
decays., However the decay of BCS involves a further cal culation. Misic 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,packgrpun t _of .other I runent, s t her
nor6a. Cor it PRJREBRY SHEOGeTE LS BB AOvTHRLeEEORITPLIR P ER SreATo PO dUeino,
BCS sig n&i‘eq\kéiﬁﬂssebt’laﬁ lof Ghe RSIF PREYT ik B¥Lbq] th BRe |OW TR ISRy B0diesn —\He n the

current level 1s ---7dB |ess than the peak | evel of the foreground, the

| evel of atber wordsthe eleplf hap popttenuation and pherfgitenbes flgh pespsmsacen
foreground pe%ﬁdgngélﬁ&%&s%a B?llol 5 36t gtfaﬁXuﬁjatl ggetsgéth%g/hg)fgﬁ%e gl in

t he gaps between notes I's re erberation,
rear war d foeqasericy zero saviedi ngeWBCSwas)osﬁdﬁa dnyzmw 4o niovds\e TN el

original. This is b u the.rev ratjon on.the_re els of the
ori gi nal \?F‘Ht‘%“eﬁ ?gge%%ﬁﬁ‘?ﬂ“%“ Pgi} ékﬁ'o‘lrﬁ‘i‘é%m‘%e Pﬁg}é‘i’ Eﬁqh negHenglesn - 71
REPLACEMgNE rokiit Bs tHe 2atvB bs 208 QacTieh ﬂ@éddei-él\ﬂl‘li?é'i%rmed 3&39%%'&91@%%11 have

no net rearward bias. Cs for this reverberation will be zero or slightly
forward. thessteeringeis ineutralsondiprwardis Hawaver | tha 19Weflte§lpen@tbs ransomotng.

Any tine g {:&ﬁ{a‘%ea STﬁ{a_% %rfnb??(%%gr %asrld%é SECHR L d0R ﬁ%ﬂ?k’uﬁ@ 3 'Hx ;i“eg\@ﬂ:s be

strongly negative can negati ve even Bsence '3f
strong stgreaterglavo frégueneyr richhesshend einelopmentemwdthart dfstfdwnfgeOﬁghll ng

1S, 2 1 SR ol BB, Bt i b gobforo
dependentmeveschowtard thievigoléedbat whiefi BOS 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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The-first of the filters in FIG 2 is a sinple 6dB per octave |ow pass
filter, with an adjustable cutoff frequency. Wien 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
1ow frequency filter makes the rear outputs |ess obtrusive when ordinary
stereo material is played. The filter has been a part of the decoder at

| east since V1.11, but in the earlier decoders it was controlled by cs,
and not by BCS. The second filter is a variable shelf filter. The | ow
frequency section (the pole) of this filter is fixed, at 500 Hz. The high
frequency section (the zero) varies depending on user adjustnent and on

BCS. Thi ' " t urg ent
decoder. §§ {nﬂ k‘f?g{tap ilﬁfﬁb kﬁﬁ' %ﬁgggg%ggg g&hﬁ%?%aié ? QEH%’pléor}%rhq ed

t hr ough berdsattol thecsidewifithe liEi:Ieﬂgr domotiprodhiceithese GAtElREd. l'rme hbafearear | i er
decoder s, based on. this work duced .t he oI\_ieraII | evel of -the rear. channels

when t he PZRELRFSSFRRRIRERET af the notshal BkHE asome ofdhe qeaysdb Aetestashat ed

here thegihhdsofr8dR Behidd thelidtdaérde the "tv matrix" correction. -72
~I, AE ENT SHEET 0 @PLAY2000 In the new decoders when the soundstage

control is seThesurr@strstanﬁerM@fwe chaupeksowstrémpodottivhaesbminiedds t er i s

Stt enaat apPoldEirt P HRANSOE K BFELGAliand P beRiniEine Brhels e oo done r o
i s set ta20degreed frohhﬂxeﬁtomltnﬁ‘hﬁé spéukeldip@Bitibn @uppliey g36d envaldprsendien

BCS is positivye or zero_the zero to 710Hz - resulting in a 3dB
ot enuar RBIPE e pmELos FLARETR SaouRfronh Ko Fide % HiEkeneR dpad nof REodestl ¢ | s

the sanetRe shhR L&l bﬁéx@ie&adﬁf s a SRR tl&ﬁs?i@@lﬂélﬁﬂﬂaé 1i9fen¥ie nVext}he

steering is neutral or forward. However the requencl es are not

at t enuat eftenpalm dinacter wantseseyndeffott tornometnenmbehind the listener, afhk

result ig, tﬁ}‘] £RERE sl frequency richness and envel opnent, wi thout

di stracting frequenm es in the rear. As BCS becones negative the high
frequency zerls 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. :

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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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 frequencies an attenuation of 6dB. Once
again, as BCS goes negative the attenuation is renoved. The third filter
Is controlled by c/s and not by BCS. This filter is designed to enul ate

t he frequency responses of the -human head and pi nnae when a sound source
is approxi mately 150 degrees in azinuth fromthe front of the |istener.
This type of frequency response curve is called a "Head Related Transfer
Function” or HRTF. These frequency response functions have been neasured
for many angles for many different people. In general when a sound source

s _about b0 G AadeaRy abheIALAEEARE: UG ohphnlel 9BfiHR" CN 1N Lhe
frequency TEsp : when a sound
source -73 REFGAGENBDWsStEE Tre@Quéndgrdep@fident dircdit®rtheofever ichfa%mfl d f
only in this cas he, notch s at aboyt 8kHz. Sound saqurces to the side o
the |ist 8ﬁ5§1°ao°ﬁ6‘tee S‘%ﬂ&&éﬁ’é Tﬁ@%@e aﬁ%tsg‘ﬂé‘én. ABHRONFFRE WridirRe festionse-

pr esence a®fhduph inGirCattakl ﬁhﬁlzexﬁénmroxpéhéA}%o%x?o'stgcglsh%éﬁbé Q@ﬁlbiﬁf& ound

source is behind the |istener. The current standar or five channel sound
r epr oducipbroneedeuttnds that the two rear speakers be placed slightly

behind the |i +/[2 I rees fromthe front. This speaker
posi ti on suppﬂjggﬁ 3%%{, g?\é‘é‘?%%%%nfl et]ig‘t argo\?\‘/;hfer évcﬂFeer?g”i°é‘§.mﬁB&g\78rCE3n§‘83nd

from t hedstader; andspexrfermitiessavat fanediote Théehid@edtiiels @hiRrctd ERENt as
a sound that i.s full,y behind | stener,, Very _often a filmdirector wants
2 Sound EPYaRehanel dheodero bt hand Raplicaen o OBk 40 thaade snd the de. 1
is al S0 ebarthiiRelsarsfl ditirafe kiatrBNETRh R MTHRSSetiH oPﬁY@el%n%éxfa% Whs Shape
that is apprggrl ate to place the | oudst)eakers fully behind the |1stener,

and 4" &§hek thakmhesrs was pesitive or nantrad thpside andithd rear outputs 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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The - HRTR filter in the decoder adds the frequency notches of a rear sound
source,” so that a |istener hears the sound as further behind that the
actual position of the | oudspeaker. The filter is designed to vary with cs.
Wen cs is positive or zero, the filter is maxi mum This causes anbi ent
sounds and reverberation to seemto be nore behind the listener. As cs
becones negative the filter is reduced. Wien es is approximtely -15
degrees the filter is conpletely renoved, and the sound source appears to
cone fully fromthe side. As ca 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 nodified to correspond
to the HRTF function for a sound fully to the rear. _74 REPLACEMENT SHEET
0 2 MAY nel rS|on
FIG 3 sﬁ %&dlﬁégﬁgéédggg%% entmgl“r;%gﬁj gr%rhe%s@@ ng%q%%fr: e':h‘evaer 5ion of
t he decosdthouthdepmraing froawthespieitrefitheiingenfionhr ee sections - al though in
an actual ‘i nplenmentation the second two sections can be conbined into one
circuit. The first two sections are identical to the two sections in the
five channel decoder, and performthe sanme function. The third section is
unique to the seven channel decoder. In V1.11 and application No.

08/ 742,460 the side and the rear channels had separate nmatrix el enents.
The action of the elenents was such that when cs was positive or neutral
the side and the rear outputs were identical except for delay. The two

out puts stayed identical until cs was nore negative than 22 degrees. As
the steering noved further to the rear the side outputs were attenuated by
6dB, and the rear outputs were boosted by MB..; This caused the sound to
appear to nove fromthe sides of the listener to the, 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
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shekf-filter in FIG 3 has no attenuation when es is forward or zero. \Wen
cs becanes nore negative than 22 degrees the zero in the shelf filter
noves rapidly toward 1100Hz, resulting in an attenuation of the high
frequenci es of about 7dB. Although this shelf filter has been described as
a separate filter fromthe shelf filter that provides the "soundstage"
function, the action of the two shelf filters can be conbined into a
single shelf through suitable control circuitry. Wiile the preferred

enbodi ments of the invention have been described and illustrated herein,
many ot her possi bl e enbodi nents exist, and these and -.75 REPLACEMENT SHEET
1-02 MAY 2000 ot her nodifications and variations will. be apparent to those

ski |l | ed WwyHAREISICLAIMEDNGUt departing fromthe spirit of the invention.
-76- REPLACEMEN C SHEET 0 2 MAY 2000 WHAT IS CLAIMED I S: 1. A surround

d decoder f : . : : . e o i nout
sound decodery Tor E&%‘ir%ﬁﬁ@%tliﬁwdé’coﬂgi- gox‘;z‘;?glnsﬁ;gfnb}ﬁlﬁ?%% Pﬂﬂlofléﬁi‘lhﬁrlx

signals including directionally encode I onal  conponents
into a phudiml iinpubf signalsutinchuling| directionally odneddedn and coghdirectidspleaker s

surrounding a listeni ng aJea,. . and. incorpoygati ans for  determning the

directi oﬁ%\lﬁp%ﬁ’?%nfnq& gsB{‘HaFI t° aﬁB&?‘f gff aﬁﬂggoggri 6%7‘1#“&98“ glé??é‘rgé’ti ng

t her ef r olsualspb&lear’s sur®hindihgha BiRaInghrehdnald didogRrhEhgS HidagdNor

steering _signal, the decoder conpri si ntg: |left and right input termnals for
Fa

recei vi ngeterpining the girratinnal contepidol saighlefh gaidoright audie gignals angft and
i ght d | I . - I ' | ;s from

Safd | of PRTRREHAEORO AN I0AR LRIGHERY FodnifiD Sl UndUlileBrsTHERE |

equal -t ostearing sigmalythdbdecadersamprpdingal ity of output channels, organi zed

[ irs, fii I t _of ] [ I r. i.vi ng: i,d del | ef t
aud o 5 ona afken® RNl SRR AR ey SPH U Sl peworelpd R had, ©
signal, ﬁghhaﬁﬂi&_ﬁi;ﬂxtrﬁgﬂdlpj ler means multiplying its input audio signal

~left and right delay means for producing delayed left and right audio

signals from said left and right audio input signals;

aplurality of multiplier mean equal to twice the number of said plurality
of output channels, organized in pairs, a first element of each said pair receiving:r‘:
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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by avariable matrix coefficient to provide an output signal; said variable
matri x‘ 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
out put channel s each said summ ng neans receiving the output 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 matrix

val ues so constructed as to reduce directionally encoded audi o conponents
in outputs which are not directly involved in reproducing themin the

I ntended direction and enhance -77 REPLACEMENT SHEET .jliji - 0 2 MAY 2000
11 111 ~~ * directionally encoded audi o conponents in the outputs
which are directly involved i-n reproducing themin the intended direction

so as to i i C ' 3 Ll a: rving
hi gh sepgg%tc .ﬁtc??%a@@t %ﬁ@%@a%ﬁmggﬁéfiﬁ tgﬁaﬁ@ggﬁbﬁ%gﬁ#iabg&gﬁ
non- di r etivained ini cpplcduciymthémsin dhe inkendal dixgetipm pg asi gnalaintaimd

mai nt ai ni ng .t he | oudness .defined as the..total audi.o,power Level of
hon- di r cEPRSIARE taALRAWEF Lo anel g8} AP BReeRK B RIERFEPRERLION PR Ve nal |
encoded gh@ndt andrEghV @ffitiel 30fhpoRgatslbeasn Hirédtednalisii QQGgaﬂilé@@&f on if
present. 2. The decoder of claim1l .wherein said plurality of output

channel sth¢ safd steeringpignaly pndmaintaining the dendness defimed pp she totak ¢
surround ' e . . ' I si ng
fr equencia/-ggg) edr?g%r&eygp{;/f;?&ggfrg -%Hoﬁpg?lgﬁg%gegfﬁcgﬁe&m@é\%gtgﬁ %tegﬁ {r %ﬁ@%u nd
and ri ghtlirectionally endodetissignalsaard present ahé fegagdiess\ofr dxinriacermdetl phase
response .pf f.he .ﬂut ut% in a prescribed manner said variation being
control | 8Festion i Bﬁ%@? of control signals responding to the presence of
surround or background anbi ence

2. The decoder of claim 1 wherein said plurality of output 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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conporients detected in said left and right audio input signals. 4. The
decodet of claim2 further conprising frequency-dependent variable filter
nmeans 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 nmanner 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 responsive to the ratio of in-phase center signal conponents to

surround ankd Shi RECAA MM Dl i sibghis. and right
audi o ingﬁblgﬁg‘%g@,ﬁggnd %ﬁ%&gﬁggﬁg contro?{égll grllléiFo ?@sposﬁéi ve to the
presence of antiphase signal conponents contained in said |left and right

audi o i nput signal s,durin ri ods, when .no strangly,steered signals are
present. 6. e decBifbediier PERlsEnS PRESHRTe g koh ol B S B Pus
different noggsntelr-RReswid SshtrbEsighAMMieSBon 06 tyvkied fitio bflim-PRAsd center
coefficients are controlled differently by said steering signals in the

di f f er ensignad eemppnentrdiosuregnndor aptirhresesignal spmpomeptscatamadingaid | m
node of rata ' LT r...aeproducti on of surround-encoded audi o
signal s eri@éﬁ%‘%%“‘?@ﬁ#%gﬁﬁ?‘g&?&ds and ot her video sources, and a nusic
node of oper a4 ibaekgsoundtcontradsipnal regpoadivé itorthef presencelofractiptiasgs or

broadcasts. 8. The decoder af ¢l.aim erein for decoding.film.,sources the
o SHAeomor T cantaiaed ih gl 19t Bnd opk e dogPEE g A AR ed 1o
el i m nat edfods"WEEn &% R68LIH RebhAl sighbl afOprepeap! of the input signals,
and the matrix values for the center output are so constructed that the

attenuation of the center output starts at |east 4dB greater than
previously stgndar drglegodsdes of tims 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-

REPLACEMENT SHEET

_ro 2 MAY 2000 \

e cmam arrara e
st SRS e !

i
i

e san
e
1

R A



reduces -rapidly as the center/surround steering signal beconmes nore
positive, 79 REPLACEMENT SHEET F13 2 MAY 2000 3t * CL ~ S * ~ the
intermedi ate matri x val ues being determ ned 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 ri g%efiﬁéul&némafé mamkwsme%%iﬁgda%ﬁﬁﬁy&wghé b@c@uﬁ&ﬁeﬁear Réegingponent

of the 1tnput signals 1s not maximal ly renoved from these outputs, but is
del i ber ahelpoveadj xadicedf the gerdse companentibo the pnconfelatied comment ofdhpower
rati o of, _the. ceit e(%e O Oﬂgﬂ]t to the gﬂcgrre at ed conmponent of the input
si gnal s,inPHEsienals [dentical ay the outpyts of Khe decodery ™ i ont front el.enents bei ng
additionally limted at the center/surround steering value that results in
an approximately 6dB difference . in_|evel between the center output and
either the | 8ft orTheslecoderopt claim § wherpin fopdegadingemusic spurcas thener e

the |ef é’ﬂ@%ﬁ’é r%&lﬂhsffo‘i‘”%hér%gxhé% oﬁg;gg?”%%e%gec&%ﬁ&éﬁhf 't.'ﬁétﬁcihbh@ént% I nput

si gnal d to the rear, irectiron |'ies between the left
rear di redténuatiomadtantglat leastr 4B presterrthanpa sthrdderdrdecodenuand rednaese f r ont

UL PUL bl o 8B S b he AR bR b
si gnal s cendér/RaoAQBNEErigEighal 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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R s that have no net left/right conponent, but have a center/surround
steering value of about 22 degrees, said | evel 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 fromzero to +-45
;degrees. 12. The decoder of claim4 or 5 further conprising additional
,circuitry that creates a background control signal by detecting the
idirection of the background sound between notes or syllables in the input
"material, said background control signal rapidly being set to the val ue of
the said center surround steering signal when the center-surround steering
signal is negative, and said background control signal being slowy set
positiv nd

911 abl 4P Bt GGt [Ek1gH cofioohBie WA Y Eont Ay AhUSERE I e

t endi ng dfoalhmitd22 degypes) saidVievekebodst reducinguttd zeenas dbel canttm‘shalroundpl ayed,
and a positiyve or val ue when standard t channel pl ayed.
1 The Rettitie e Gedranoes Taitere. Eocas ot dEtHA oF A e Ly el | 2

used t o0 (3g8tihglvaliCincebadel \fPorh MefH €53 -85 depredst ont and the rear outputs,
such that the |oudness of the rear outputs is reduced when the background

between notes is either neutral or p05|t|ve |n direction. 14. The decoder

of S1al m 12 aer e e o830l dbe APEKILONO0S SO ko lehe aAARI{A SuBudy | 201 ©

| ow pass filter in e rear S suc requency s set

to a useuhaad¢matesbheba&dgueum&mmmhﬂ sigakD bguddtedtmfgcth@rmmcgmal of ithe

positiv o zero, and .t I ses ahl q eiluevvh n the baclg r.ound
Betwern nofes, araRYlieh i

i r ect | chpckereind sounde ehains GRF IR ATl | $8id
obt rusi Vl?aél‘d@%hnd %&nﬁ%‘i’%lgl%ﬂl EE{;EdlyO b81 ;g ¥et?@o the valukl éf tHd saidl éddter~111" |
ordinary two channel materi al

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
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15.. The -decoder of claim 12 wherein the said background control signal
controts a variable shelf filter, such that when the background contro
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 nmaking the
surround outputs |ess obtrusive when ordinary two channel material is

pl ayed. 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 low pass filter being set to a high frequency when the said

- center-surround steering. signal is nore positive than -22 degrees, and as
t he cent diﬁ#lryrmghﬁgﬁgrlh%ﬁalqgg egbecones nore negative than -22
degrees the | ow pass frequency rapidly being reduced, to a final val ue of
500Hz when the center -surround steering signal reaches its m ni num val ue -

f -45 d . 17, The d .of ¢l ai m.4 where t he | ef b
urround out s BRegep(<FE S RlaiRad v Br s e pL R Reriing SHR ona 1y

suppl i edeopitiblsa wariakielshelfifiltée suth shae Whiealthe Bdtkgfaalesittyol signahize of
t he human head/ pi nnae system for sound sources that are nore than 150

degr ees POFitiye AfiERre fisaieneies abave S0QHe intharean oniRwS a3 aiaaf%‘?tt%ﬁl bFur r ound
st eeri N0, SLANGHubHTETAUR! a @Wh%h%ﬁe}{&%l\;gfddﬁ&éodﬁél difial TR hephVEetARCt , and

as the center-gurround steering sign ries fromzero to -15 degrees the
filter asftenunatienisrhdieddtozery, thuemhking the seeouad-ousputsdessiobirueivieng

beconme fugther ,negative.,the filter. pnce again acts nmaxinally, -82-
........ whe Srq iRy sty pebiptEhe BOSEIIE, L 00 S TR TR Y hen
nodifies itself slightly to correspond to the frequency response of the

human head- pi nnae system for sound sources fully to the rear as the center
surround st ed® ng ?%Qrﬁﬁ"w%%%@‘mt%wrh%?ﬁbﬁ]r\?ﬁl?é‘tB’f‘ts-QfStbffe@PE’é‘é‘.arfS. An

encoder ﬁ;&lﬁﬁﬂitb af dille BUEPERAL G Alrbir Hixfﬁ@@b%h\éﬁxﬂmﬁﬂﬁ%h%f%fddﬂighal dérput
signals down into tw output channels such that the energy ratios in the
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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I nput’'signals are preserved in the output signals, the direction of the

i nput” "signals is preserved in the phase and anplitude rel ationships of
different conponents in the output signals, and such that as an input
signal is panned from any input channel to any other input channel the
phase/ anplitude relationships of the output signals decode as closely as
possible to the original direction through a decoder according to claim1,
and also as closely as possible to the original direction when decoded

t hrough 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

ext er nal o APRAER hbHifies H3a1 Pighthf ﬁrﬁr?é%g;tnhg@ganlgﬁg&gﬁ%%%gg&éﬂﬁﬂeo“S hi ps

between some of the said five audio In cing control
si gnal s humaaf head-pinrhe aysiam farr sarind soumies Hellyftioxdke pearvas thélcenter

proportion .said i nput .channel. into one o i,d two out put

channel s?ur:ré’lg%d\%g%}é 3‘%‘?@5%?%"8& Wé?%umrve"rsi}ﬁ%ﬁgl"g%d?%r?ﬁi d control
signals. 19. The encoder of claim 18 wherein the circuitry includes nmeans
to actively correct the m xjng values such that the energy of the output
signals - 83 I8cpLaAdmamgedey giruitdor sutopatically mixing five channels pf audia | || ||

IN' C L fRhihesndiBUcsREmEY tHo tﬂ}g}lt i@guhﬁéis%%sch\s’eﬁﬂ Lﬁgig.gfﬁ?gq{ i%;}g,[g s

applied to the rear inputs ei phase or 1 n antrp
encoder uipudl signalssarghpreservedin ¢he anitpuy sigidlsidide diventiohoof et ingaity

Fear 1 npiggel® i BPesel b Spi T ainsle 0 Sreltaiotetatiaohing pERtE TR hace
of 90 degnpefenisid Kint ouipuisignslspandduehitiat iag '&ntiﬁp%t@?%;ﬂﬂ% pathedThe
encoder 8']:)11'(1: la%lyn}r}psutwgﬁrag}lgl ttg ealf)l I;)%lliltlalt I’i%pluir:] Cclhl:a?lisel r’ir:IlalzgnShaé)e/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 staﬁdard 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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'aetively.rennve t he phase shifting networks in the rear channels when a

si gnal -

I s panned between one of the front inputs and a rear input on

sanme side, for exanple.fromthe front left input to the rear left in
22. The encoder of claim 18 where the circuitry includes nmeans to ac
determ ne the presence of a common signal on all three front inputs,

to adjust the mx |level of the center channel to preserve the total p
of such a comon signal at the outputs.of the encoder. 23. The encod
claim 18 where the circuitry includes neans of conparing the |evel

rear channels to the |level of the front three channels, and when the
|l evel is less than the front levels active circuitry to reduce the m xing
| evel s of the rear channels by up to three decibels, such circuitry

b oA L AP B S

RN RN 1iléal'31hphl:§ éithét id phhse ot il antiphase.. . . . ..

contain

—
e —————

N B R

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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